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PKEFACE. 

PREVIOUS  to  the  publication  of  the  present  work,  the  want  of  a  book  of 
reference  on  Civil  and  Mechanical  Engineering  had  long  been  experienced  by  the 
Engineer.  A  great  deal  of  information  of  a  useful  kind  had  been  recorded  in 
the  various  Scientific  Journals  and  Transactions  of  Engineering  Societies,  but 
it  was  given  in  a  form  not  available  for  ready  reference.  The  work  so  much 
needed  is  supplied,  we  trust,  in  this  Dictionary  of  Engineering,  written 
mainly  by  practical  Engineers  well  acquainted  with  special  branches  of  their 
profession,  and  whose  names  will  be  found  in  the  List  of  Contributors. 

Use  has  also  been  made  of  a  large  number  of  works  devoted  to  Civil, 
Mechanical,  Military,  and  Naval  Engineering,  and  of  the  published  writings 
of  eminent  Engineers. 

Many  subjects  which  ought  perhaps  to  have  a  place  in  a  complete  work  have 
been  omitted,  in  the  desire  to  confine  the  number  of  pages  to  something  near  the 
limit  announced  at  the  commencement ;  but  we  may  be  allowed  to  add  that 
no  other  work  on  Engineering  has  been  published  which  contains  such  a 
variety  and  amount  of  information  on  the  same  class  of  subjects  in  a  collective 
form. 

From  the  commencement  of  the  work  until  August,  1872,  the  editorial 
department  was  conducted  by  Mr.  Oliver  Byrne,  assisted  by  Mr.  Ernest  Spon ; 
at  that  period  Mr.  Byrne  ceased  to  be  Editor,  and  the  work  has  been 
completed  under  the  direction  of  Mr.  E.  Spon. 

Our  thanks  are  specially  due  to  G.  Gr.  Andre",  Esq.,  C.E.,  for  the  careful 
attention  bestowed  on  the  subjects  entrusted  to  him;  and  wo  also  return  our 
sincere  thanks  to  the  kind  friends  who  have  assisted  in  the  compilation  and 
revision  of  the  various  articles. 

E.  &  F.  N.  SPON. 
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\  BACUS,  and  Instmments  for  Calculating. 

I\.      ABACUS.     FB.,  Tableau  servant  a  calculer—Abaque ;  GEB.,  Rechenbrctt,  Sauknplattt ;  ITAL., 
Abaco ;  SPAN.,  Abaco. 

A  variety  of  more  or  less  simple  mechanical  contrivances  have  been  invented,  almnet  from  time 
immemorial,  to  simplify  and  facilitate  the  ordinary  calculations  of  daily  life ;  most  of  these  con- 
trivances, besides  having  little  real  utility,  are  so  well  known,  and  have  been  BO  frequently 
described,  that  a  detailed  description  of  them  is  here  unnecessary  ;  it  is  sufficient  to  aay  that  Mil- 
Chinese  and  other  inhabitants  of  Central  Asia  still  use  these  simple  mechanical  aids  in  perform- 
ing calculations. 

Napier  devised  a  sort  of  abacus,  or  instrument  for  calculating,  based  upon  the  principle  of 
rendering  movable  the  columns  of  the  ordinary  multiplication  table.  The  rods  or  bonea  of  which 
this  abacus  is  composed  are  termed  Napier's  rods  or  bones. 

It  is  necessary  to  observe  that  each  rod  is  divided  into  nine  squares,  and  each  square  into  two 
triangles,  by  a  diagonal  line  drawn  from  the  left  lower  angle.  Fig.  1  represents  one  of  tin-.-*- 
rods  with  the  figure  3  in  the  right-hand  triangle  of  the  first  square,  zero  and  single  figure*, 
1,  2,  4,  &c.,  to  9,  being  always  placed  in  a  similar  position  on  the  other  rods. 

In  Fig.  1  the  second  square  from  the  top  contains  6,  or  twice  3 ;  the  third  9,  or  three  time*  3 ; 
the  fourth  12,  or  four  times  3 ;  and  so  on,  to  nine  times  3,  or  27 ;  whence  the  figure  at  the  top, 
and  multiples  expressed  by  single  digits,  are  placed  in  the  right-hand  triangles,  and  the  tena  in 
the  left-hand  triangles. 

It  is  clear  that  the  faces  which  bear  zero  on  the  top  must  necessarily  bear  zero  on  all  the 
triangles.  For  example,  take  three  of  the  bones  bearing  on  the  top  of  their  faces  the  figure*  1,  9, 
and  2  respectively,  and  place  them  together,  as  shown  in  Fig.  2:  the  first  line  will  read  1!'-.  tin- 
second  384  =  192  x  2,  with  this  proviso,  that  the  figures  placed  between  the  same  diagonal  lints,  aa  1, 2, 
have  to  be  added ;  three  times  192  reads  576  when  the  3  and  2  between  the  diagonal  linea  are  added. 
and  so  on  to  9  times  192,  which  reads  1728  when  the  figures  9,  8,  and  1,  1,  between  the  diagonal 
lines  are  added.  The  apparent  difficulty  of  this  arrangement  is  by  no  means  such  aa  to  deter  any 
one  from  using  Napier's  rods,  as  a  short  practice  suffices  to  render  the  use  of  those  rod*  eaajr. 


Augustus  Barre's  calculating  instrument,  Fig.  8,  haa  a  finger-board,  A    fnmUhrd  wllh  fa 
keys  of  unequal  length,  each  of  which,  in  consecutive  order,  ia  marked  with  ooe 
1,  2,  3,  4,  &c.,  to  10.     When  the  key  which  bears  the  number  that  an  opera 
another  number,  is  pressed  by  the  finger  until  it  com.'*  in  .-m.tart  with  th«  i 
the  range  of  the  angular  motion  given  to  tin-  «!,.«]  < '.  \vlu.-h  m.hcaUM  the  t 
determined  by  the  length  of  the  key  operated  upon.     T ho  fff.-ot  of  pm»i 
key,  and  lever  C  with  which  it  is  connected,  is  therefore'  to  impart  an  angul 
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the  wheel  and  the  lever  proportional  to  the  digit  which  the  key  bears,  that  is,  this  motion  will  be 
smaller  for  the  lower  and  greater  for  the  higher  digits.  The  moving  of  the  key  starts  a  click  or 
catch,  connected  with  a  small  weight,  in  consequence  of  which  the  wheel  begins  to  turn ;  the 
motion  is  stopped  as  soon  as  the  key  pressed  upon  by  the  finger  resumes  its  primitive  position  of 
rest. 

Calculating  Instruments  of  Dubois  and  of  Dunlop. — The  calculating  instruments  of  Dubois  assist 
in  performing  the  elementary  operations  of  arithmetic.  In  adding  and  subtracting,  Dubois  applies 
a  series  of  small  movable  rules,  upon  the  surface  of  which  is  painted  or  engraved  the  nine  digits. 
In  performing  multiplication  and  division,  Dubois  makes  use  of  an  arrangement  previously  applied 
by  Petit,  in  1671.  This  arrangement  consisted  of  engraving  the  figures  upon  rectilinear  rods, 
similar  to  Napier's  rods.  There  may  be  a  real  merit  in  applying  old  well-known  methods  in  a 
useful  manner,  but  this  remark  does  not  apply  to  Dubois'  adaptation  of  Petit's  arrangement ;  for 
Dubois'  instrument,  on  account  of  its  size,  is  far  less  commodious  in  use  than  many  of  the  antique 
instruments  which  have  been  employed  to  effect  a  similar  purpose. 

Dunlop  has  introduced  two  calculators ;  his  calculator  No.  1,  to  perform  multiplication  and 
division,  consists  of  a  series  of  numbers,  arranged  in  a  tabular  form  made  up  of  movable  parts,  so 
adjusted  as  to  make  it  quite  easy  to  find  the  simple  multiples  of  any  given  set  of  figures ;  in  reality 
this  contrivance  is  an  extension  of  Napier's  method. 

Form  I.,  page  3,  represents,  on  the  left  side,  the  inner  rear  side  of  the  first  page  of  Dunlop's 
tabulated  form ;  the  right-hand  side  represents  the  movable  slips,  which  are  partly  folded  up  and 
covered  by  each  other,  while  on  the  right  ends  they  are  open  and  a  ditfit  is  to  be  seen  thereon. 
The  use  of  the  said  slips  is  sufficiently  indicated  by  the  printed  inscriptions  which  they  bear.  It 
must  be  noted  that  the  figures  printed  between  brackets  are  in  Dunlop's  table  distinguished  by  a 
red  colour. 

Ex. — Suppose  one  desires  to  know  the  price  of  32J  yards  of  silk  at  13s.  2d.  a-yard ;  to  per- 
form this  calculation  one  operates  in  the  following  manner :  uncover  the  slip  of  the  tens,  No.  3, 
the  slip  2  of  the  units,  and  slip  £  of  parts  of  units,  the  end  of  which  is  visible  in  A,  Form  I. ;  place 
the  sheets  which  cover  those  you  are  in  want  of  for  your  purpose  upon  the  left-hand  sheet,  and 
Dunlop's  calculator  will  then  exhibit  itself  to  you  as  seen  in  Form  II.  At  B  C  you  read  the 
multiplicand  32J,  and  in  order  to  find  the  product  by  13s.  2(/.,  look  first  upon  the  column 
marked  13s.  on  the  lowest  line ;  add  together  the  two  figures  01.  6s.  6d.,  11.  6s.  Oo?.,  19^.  10s.  Orf., 
total  21/.  2s.  6d. ;  this  is  the  price  of  32J  yards  at  13s.  Look  next  to  the  column  marked  2d., 
which  gives  a  result  of  5s.  5d. ;  add  this  to  the  former  result,  and  the  sum  total  will  be  found  to  be 
211.  7s.  lid. 

The  Dunlop  calculator,  No.  2,  based  upon  the  same  principle,  is  designed  for  the  calculation 
of  weights. 

The  calculator,  No.  3,  is  an  instrument  designed  to  facilitate  the  addition  of  partial  products  in 
cases  when  the  multiplier  is  composed  of  several  numbers ;  it  consists  of  a  box  containing  small 
elate  rules  movable  in  horizontal  grooves;  the  partial  products  are  written  down  upon  these 
email  slates,  and  since  these  are  made  to  slide,  it  is  easy  to  place  the  pcoducts  in  the  order  they 
respectively  must  occupy. 

Counters  for  Public  Carnages. — There  exist  two  kinds  of  these  instruments :  namely,  graphical 
counters  and  purely  mechanical  ones,  all  of  which  require  the  use  of  clockwork.  The  so-called  graphi- 
cal counters  are  so  arranged  as  to  note  down  the  information,  which  it  is  of  interest  to  the  parties 
concerned  to  know,  upon  a  piece  of  paper  moved  by  clockwork ;  they  are  in  fact  self-registering 
instruments ;  but  it  is  quite  evident  that  such  an  instrument,  since  it  requires  the  daily  changing 
of  the  sheet  of  paper,  would  be  a  very  inconvenient  instrument  to  be  applied  by  the  proprietor  of  a 
large  number  of  public  carriages,  as  it  is  clear  that  it  would  require  a  considerable  number  of 
clerks  to  take  down  every  night  the  papers  put  up  in  each  respective  carriage  in  the  morning, 
and  to  note  down  the  particulars  registered  automatically.  The  mechanical  counters,  on  the 
contrary,  are  so  constructed  that  it  is  possible  to  read  oft'  at  a  glance,  by  means  of  a  mechanical 
contrivance  of  more  or  less  complicate  structure,  the  work  performed  during  the  day  and  the 
money  received  and  to  be  accounted  for.  There  exist  contrivances  of  this  kind  wherein  the 
graphical  and  mechanical  arrangements  are  combined. 

Various  instruments  both  graphical  and  mechanical  have  been 
invented  and  used  as  automatic  counters  in  carriages.  We  describe 
that  of  Bertrand  and  Addenet.  The  counter  contrived  by  them  is 
represented  in  Figs.  4,  5 ;  the  instrument  is  fixed  on  the  carriage, 
behind  the  coachman's  box,  while  towards  the  passengers,  inside 
the  carriage,  are  exhibited — 1,  a  dial-plate  of  a  clock  or  timepiece, 
indicating  the  time ;  2,  a  dial-plate,  provided  with  hands,  indi 
eating  the  number  of  kilometres,  or  distance  run  over,  the  hands 
being  mechanically  connected  with  the  carriage  wheels ;  3,  on  the 
top  of  the  said  dial-plates  a  rectangular  opening,  showing  the  amount 
of  the  fare  to  be  paid  to  the  coachman ;  and  4,  at  the  bottom  of  the 
instrument  another  opening  is  exhibited,  bearing  the  words : — 

Night, 

since  this  refers  to  a  different  tariff  of  fares. 

The  figures  which  indicate  the  amount  of  the  fare,  are  engraved  on  two  discs,  one  of  which,  in 
the  Paris  carriages,  marks  the  centimes,  the  other  the  francs.  Motion  is  imparted  to  these  discs 
by  means  of  clockwork,  from  the  timepiece  already  alluded  to.  At  the  time  of  starting,  the 
counter  indicating  the  amount  of  fare,  reads,  0  francs  50  centimes,  and  the  amount  of  fare  due,  runs 
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up  10  centimes  at  a  time,    it  is  possible  by  this  arrangement  to  use  tne  instrument  even  for  short 
distances.   When  a  carriage  is  disengaged,  there  is  exhibited  outside,  on  the  top,  a  small  flag,  M,  m, 
bearing  the  word  disentailed.    The  putting  up  of  this  flag  by  the 
coachman,  has  the  effect,  by  means  of  proper  mechanical  con-  6- 

trivances,  to  disconnect  the  toothed  wheelwork  of  the  discs,  and 
to  bring  the  figures  connected  therewith,  back  to  the  first  reading. 
If,  with  a  view  to  fraud,  the  coachman  should  neglect  this  opera- 
tion, the  instrument  is  so  arranged  that  it  g"ards  against  hia 
fraudulent  intention,  and  compels  him  to  account  for  all  money 
received,  on  his  return  home. 

Fig.  5  represents  an  instrument  employed  in  Paris  omnibuses, 
and  is  a  modification  of  that  shown  in  Fig.  4. 

T  is  a  dial  that  shows  the  sum  total ;  the  outside  figures 
on  this  dial  represent  francs,  and  the  inner  figures  show  the  cen- 
times. 

L,  a  dial  indicating  how  often  the  carriage  has  passed  the 
barriers,  and  consequently  shows  the  number  of  return  tolls  paid 
back  to  the  driver,  on  his  returning  into  the  city. 

V,  a  dial  indicating  the  number  of  passengers ;  on  the  outside 
of  this  dial,  figures  show  the  total  amount  in  francs,  to  which  the 
constant  0.50  is  added.  L 

H,  a  dial  indicating  the  time  during  which  the  carriage  has  been  at  rest. 

K,  a  dial  indicating  the  number  of  kilometres,  or  distance  run  over,  while  the  carriage  was 
unoccupied. 

It  is  stated  that  the  movements  of  the  hands,  of  these  different  dials,  are  extremely  simple,  and 
may  always  be  relied  upon. 

The  mode  of  transmitting  the  motion  from  the  carriage  wheels  to  the  instrument  is  new,  and 
may  be  described  thus : — 

Suppose  a  wire  placed,  so  as  to  be  quite  free  to  move,  but  in  the  most  limited  space  possible, 
inside  a  flexible  sheath ;  the  wire  is,  in  this  particular  case,  spiral,  of  very  tightly  woven  steel ;  the 
inside  wire  may  then  be  taken  to  be  a  single  central  wire,  which  preserves  its  primitive  length 
irrespective  of  the  curve  which  the  sheath  makes,  and  also,  irrespective  of  the  variations  of  the  ends 
of  the  sheath.  The  sheath,  fixed  to  the  counting  instrument  on  the  one  hand,  and  to  the  axle  of 
the  wheels  of  the  carriage  on  the  other,  has  more  or  less  play,  according  to  the  play  of  the  springs 
which  support  the  carriage  ;  but  the  central  wire  always  preserves  the  same  length,  and  it  is  this 
wire  which  transmits  to  the  kilometrical,  or  distance  counter,  the  motion  of  the  carriage-wheels. 
One  of  the  front  wheels  of  the  carriage  bears  upon  its  stock  an  eccentric,  which,  at  every  revolution 
of  the  wheel,  transmits  an  alternate  motion  to  a  bolt  or  beam  placed  on  the  axle-tree ;  upon  this 
beam  is  fixed  a  piece  which  catches  the  wire  contained  in  the  sheath,  and  by  this  means  a  rack- 
wheel  belonging  to  the  distance  counter  is  moved.  Upon  the  evidence  of  several,  who  have  been 
for  many  years  connected  with  the  Public  Carriage  Department  in  Paris,  this  arrangement,  and 
every  contrivance  connected  therewith,  is  pronounced  to  answer  the  purpose  for  which  it  was 
designed,  in  every  respect.  See  COUNTEB,  steam-engine.  PLANIMETEB.  SLIDE  RULE. 

ABATTIS.     FB.,  Abattis;  GEB.,  Verhau,  Verhack;  ITAL.,  Abbattuta,  Tagliata;  SPAN.,  Abatis. 

An  abattis  is  generally  constructed  with  large  branches  of  trees,  sharpened  and  laid  with  the 
points  outward,  in  front  of  a  fortification  or  any  other  position,  to  obstruct  the  approach  of 
assailants.  Abattis  should  be  so  placed  as  not  to  be  exposed  to  the  fire  of  artillery.  In  redoubts 
or  entrenchments  they  are  usually  fixed  in  an  upright  position  against  the  counterscarp,  or  at  the 
foot  of  the  glacis,  the  plane  of  which  last  is  broken  so  as  to  permit  of  their  being  laid  out  of 
the  enemy's  sight,  and  so  as  not  to  interfere  with  the  musketry  fire  from  the  parapet  in  their  rear. 
See  Fig.  6.  Abattis  is  an  excellent  mode  of  blocking  up  a  road ;  and  when  the  branches  are  well 


and  properly  placed,  and  interwoven  one  with  the  other,  the  disengagement  of  them  is  extremely 
difficult,  and  to  form  an  opening  sufficient  for  the  passage  of  artillery,  or  even  of  cavalry,  requires 
a  long  time.  An  abattis  can  easily  be  made  by  a  few  men,  with  half-a-dozen  felling-axes  and  a 
cross-cut  saw,  and  in  a  short  space  of  tune,  if  trees  of  sufficient  size  are  near,  or  on  the  spot.  It  is 
more  easily  formed  and  gives  more  effective  defence  than  palisades. 

An  abattis  should  not  be  planted  out  of  musketry-range ;  for  this  and  all  other  obstacles  are  to 
break  up  the  order  of  the  enemy's  advance,  to  impede  and  keep  him  under  musketry  fire.  The 
application  of  the  abattis  should'be  considered  as  purely  local  and  not  one  of  the  common  resources 
for  securing  entrenchments,  such  as  palisades,  chevaux-de-frise,  and  fougasses,  the  materials  for  the 
construction  of  these  last  being  capable  of  conveyance  from  a  distance.  Hence  localities  may 
enable  the  engineer  to  obstruct  a  road,  by  dragging  trees  from  the  hedge-side  and  connecting  the 
defences  of  a  position,  by  levelling  groups  of  trees  with  their  branches  towards  the  enemy. 


ACCELERATION. 

Shrubby  trees  are  not  adapted  to  form  a  good  abattis ;  they  arc  easily 


ABATTOIR.     FR.,  Abattoir;  GER.,  Schlachthaus ;  ITAL.,  Macello;  SPAK.,  Mataden. 

A  public  slaughter-house  in  a  city  is  termed  an  abattoir. 

ABSTRACTING  DIMENSIONS.  FR.,  Epitomf  pour  senir  do  guide  a  bit*  prtmbv  M  firm 
sions;  GER.,  JE'tnen  Gegenstand  aufmessen,  Jfasst  Zusammenstellen ;  ITAL.,  AV«ico  tttfe  MMNTV;  BPAK 
Resumen  de  dimensiones.  See  LABOUR,  trained. 

ABUTMENT.     FR.,  Cutee,  Butte;  GER.,  Widerlager ;   ITAL.,  O»CKI;  SPA»,  Ettribo.  Botanl. 
See  ARCH. 

ABUTTING   JOINT.      FR.,  Join*  plat;   GER.,  <ftwro/>/<?  /%*;    ITAL.,  Commettitura  pitna; 
SPAN.,  Juntura  plana. 

In  carpentry,  an  abutting  or  a  butt  joint  is  a  joint  in  which  the  plane  of  the  joint  u  at  riglit 
angles  to  the  fibres,  and  the  fibres  of  both  pieces  in  the  same  straight  line. 

ACCELERATION.      FR.,  Acceleration;   GER.,  Bcschlcuniijunj ;   ITAL.,  Accdenui<me;   BPAX., 
Aceleracion. 

Acceleration  is  the  increase  of  velocity  in  a  moving  body,  caused  by  the  continued  addition  of 
motive  force.  When  bodies  in  motion  pass  through  equal  spaces  in  equal  tinn •«,  that  i-,  win  u  tl..> 
velocity  of  the  body  is  the  same  during  the  period  that  the  body  in  in  motion,  it  u  lEisjffl 
uniform  motion,  of  which  we  have  a  familiar  instance  in  the  motion  of  tin-  hands  of  a  clock  over  it» 
face;  but  a  more  correct  illustration  is  the  revolution  of  the  earth  on  its  axi«.  In  tin-  case  of 
a  body  moving  through  unequal  spaces  in  equal  times,  or  with  a  varying  velocity,  if  tin-  TatnaUj 
increase  with  the  duration  of  the  motion,  it  is  termed  accelerated  motion ;  but  if  it  decrease 
with  the  duration  of  the  motion,  it  is  termed  retarded  motion.  A  stone  thrown  up  in  tin-  air 
affords  an  illustration  of  each  of  these  cases,  the  motion  during  the  ascent  being  retard"!  l>y 
the  force  of  gravity,  and  accelerated  by  the  same  during  the  descent  of  the  stone.  All  bodies 
have  a  tendency  to  preserve  their  state,  either  of  rest  or  of  motion ;  BO  that  if  a  body  wen  set 
in  motion,  and  this  moving  force  were  withdrawn,  the  body,  if  unopposed  by  any  force,  would 
continue  to  move  with  the  same  velocity  it  had  acquired  at  the  inwtnnt  the  moving  foro0  WM 
withdrawn.  And  if  a  body  in  motion  be  acted  upon  by  a  constant  force,  us  the  forco  of  gravity, 
the  motion  becomes  accelerated,  the  velocity  increasing  nx  the  time*,  and  the  whole 
passed  through  increasing  as  the  squares  of  the  times ;  whilst  tho  proportional  spaces 
through  during  equal  portions  of  time  will  be  as  tl.o  aid  numl-crs  1,  ::.  und  the! . 

passed  over  in  any  portion  of  time,  taken  as  a  unit,  will  be  equal  to  half  tl.--  v<  |.»-ity  acquired  at 
the  end  of  such  time.  Thus,  at  the  end  of  one  second,  the  velocity  of  a  body  fulling  fm-ly  near 
the  surface  of  the  earth  is  said  to  be  32}  ft. ;  at  the  end  of  2  seconds,  2  times  82*  ft ;  at  UM 
end  of  3  seconds,  3  times  32$  ft. ;  at  the  end  of  4  seconds,  4  time*  82|  ft.,  and  w  on :  or 
generally,  the  velocity  acquired  by  a  falling  body  is  equal  to  the  product  of  UM  tin*  of  UM 
Body's  fall  in  seconds  by  32^  feet,  which  may  be  expressed  by  tho  simple  equation  — 

(Velocity  in  feet)  =  (Tune  in  seconds)  x  82$  or  P  -  t  x  82$. 

The  space  described  by  a  body  in  one  second  will  1m  half  of  32$  feet  -  !»>,«,  feet ;  DMWOM  UM 
velocity  of  the  body  in  the  middle  of  the  time  will  !•<•  tin-  mean  velocity  with  which  it  sjotcs 
during  that  time.  In  like  manner,  the  space  described  by  the  Ixxly  in  4  •minds,  will  be  4  time* 
2x32£ ft. ;  because  4x32£  ft.  is  the  velocity  at  the  end  of  4  seconds,  and  therefor*  *****  vUI 
be  the  mean  velocity,  or  tho  velocity  in  the  mi.Mlc  of  the  time.  lint  4  tines  2x8*1  •  16 x  l&A" 
4»x  16^,  that  is,  the  apace  described  by  a  falling  body  in  4  •ocomU  is  equal  to  UM  m\mn  of  UM 
time  multiplied  by  the  apace  described  in  1  second.  In  the  saroo  manner.  UM  rcUttuo  of  UM 
space,  «,  in  feet,  and  the  tune  <  in  seconds,  is  expressed  generally  thus,  •  =  r*  x  10^. 

Monn's  Apparatus  for  Dfmonstratinn  the  Lavi  of  failing   Bodift,  (y  SWIM  •/   CmM*rr*fl*l 
Indications. — The  apparatus  construct**!  by  Morin,  MOMftsf  t-«  UM  instructions  fi«M  hi» 
Poncelet,  to  effect  this  object,  consists  of  a  cylinder  AVI         -    '  ' 
axis,  set  in  motion  by  means  of  clockwork,  regulated  by  tho  pendulum  P.    Tho  wrfa«. 
cylinder  is  covered  with  a  sheet  of  paper .  a  conical  ludsji  weight,  </,  is  nsd*  to  man.  « 
kept  in  ita  proper  position,  by  gnU-nds,  nt  a  hiunll  <li«Unr«  fn-in  thr-  . 
weight  is  attached  a  small  hair  ix'ucil  with  a  tine  point,  «n«i  llu» 
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dipped  into  colouring-matter,  the  point  of  it  touches  and  marks  the  paper.  This  cylindro-conical 
weight,  and  the  hair  pencil,  are  represented  on  a  large  scale  in  Fig.  10.  When  an  experiment  is 
desired  to  be  made  with  this  apparatus,  the  weight  d  is  kept  at  the  upper  part  of  the  apparatus 
by  a  set  of  tweezers  E ;  after  the  cylinder  has  been  set  in  motion,  and  this  motion  has  become 
uniform,  the  string  F  is  pulled,  by  which  the  tweezer  is  unfastened,  and  consequently  the  weight 
d  falls  gliding  down  along  its  guide-rods,  while  the  hair  pencil  marks  simultaneously,  on  the  surface 
of  the  paper  placed  upon  the  cylinder,  a  curved  line,  from  which  may  be  adduced  the  laws  of  the 
moving  body. 

When  at  the  end  of  this  experiment  the  paper  is  withdrawn  from  the  cylinder,  it  will  be  observed 
that  it  contains  two  lines,  one  G  Q,  Fig.  11,  a  straight  line,  perpendicular  to  the  axis  of  the  cylinder 
(this  line  was  marked  out  before  the  weight  was  allowed  to  fall) ;  the  other,  a  curve  line  G  M  H,  to 
which  G  Q  is  a  tangent.  When  to  different  points  of  this  curved  line,  as  for  instance,  M  m, 
tangents  are  drawn,  and  when  through  the  points  T  and  t,  where  these  tangents  meet  the  straight 
line  G  Q,  perpendicular  lines  arc  traced,  it  will  be  observed,  that  all  these  perpendiculars  pass 
through  one  and  the  same  point  F.  This  is  a  property  of  the  curve,  known  as  the  parabola,  and  the 
point  F,  wherein  T  F  and  t  F  meet,  is  the  focus  of  the  curved  line.  When  from  F,  a  straight  line 
is  drawn  perpendicular  to  G  Q,  a  perpendicular,  G  G',  is  found,  constituting  the  axis  of  the  parabola, 


of  which  G  is  the  top,  or  summit.  That  point  is  the  starting-point  of  the  moving  weight,  which 
point  could  not  be  very  readily  perceived  without  this  construction,  since  the  vertex  or  summit  of 
the  curve  is  only  exhibited  by  the  contact  of  the  curved  line  m  M  and  the  straight  line  G  Q.  Let 
us  now  examine  any  point  M  of  the  curve,  and  draw  the  rectangular  co-ordinates  M  Q  and  M  P 
with  respect  to  the  axes  G  G'  and  G  Q.  The  vertical  line  M  Q  represents  the  space,  e,  travelled 
over  by  the  moving  weight  in  a  given  time,  t.  The  horizontal  line  M  P  represents  the  arc  of  the 
circle  described  in  the  same  lapse  of  time  by  any  point  of  the  surface  of  the  cylinder  ;  let  r  be  the 
radius  of  the  cylinder,  o>  the  velocity,  which  is  taken  for  granted  to  be  constant ;  the  arc  in  ques- 
tion, therefore,  has  for  its  measure  tart.  But  since  the  curve  described  is  a  parabola,  there  exists 
between  the  co-ordinates  of  the  point  M,  the  relation 

(MP)2  =  2/>(MQ);  LI] 

calling^  the  semiparameter.     By  substituting  for  M  P  and  M  Q  their  respective  values,  we  have 

0,2  r*  1 2  =  2  p  e, 

whence 
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' 
while  the  acceleration  due  to  the  gravity  is 

»»r» 

'j  =  -*k-  ro 


respite  tteu™  '  wSS  'M7  ^  ""^.f"""  «'»««  PI  b?  "tos  tt»  "AM.  .  .ilk 


t;  W 

*?1Iow8  that  the  velocities  are  proportional  to  the  time.     Geometrical  consideration. 
establish  the  same  law.    For  the  curve  G  M  H  described  by  the  moving-weight  ia  the  repreat 
ative  curve  of  the  motion.    By  taking  G  P  as  the  axis  of  *,  and  G  G'  as  the  axia  o/7 

equation  of  the  curve  becomes  x~ 

*  =  *-p' 
And  the  angular  coefficient  of  the  tangent,  or  the  differential  of  y,  with  respect  to  *,  U 

l  =  '  =  f-  m 

Tins  angular  coefficient  is  proportional  to  the  velocity;  now  x  is  proportional  to  the  tiro*,  and 
therefore  the  velocity  is  proportional  to  the  time.  But  equation  [GJ  would  not  give  exactly  lU 
value  of  the  velocity  ;  since,  for  x  =  u  r  t,  we  should  have 

.    ,      «r 

r-y1' 

a  value  differing  from  expression  [5].  This  is  because  the  units  of  time  and  space  are  not  repre- 
sented by  the  same  length,  which  condition  ought  to  exist  in  order  that  the  angular  coefficient  of 
the  ^tangent  to  the  curve  of  space,  be  equal  to  the  velocity  of  the  moving  weight. 

The  units  of  work  conserved  in  a  body  weighing  W  Ibs..  moving  in  any  direction  ab,  or  ed, 
straight  or  curved,  with  a  motion  being  either  retarded  or  accelerated,  may  be  readily  found  when 
the  velocity  c,  in  feet  a  second,  is  known  at  P,  any 
point  of  the  path  described  by  the  body  W.  Fig. 
12.  The  units  of  work  accumulated  in  a  moving 
body  is  equal  to  the  square  of  the  velocity  in  feet 
a  second,  multiplied  by  the  weight  of  the  body  in 
Ibs.,  and  divided  by  2  x  32  '2.  The  mass  (m)  of 
a  body  is  a  constant  quantity  at  all  heights  and 
in  all  latitudes,  while  the  weight  W  and  tho 

W 
value  of  g  are  variable  ;  but  m  =  —  under  all 

circumstances.  There  is  much  uncertainty  and 
error  involved  in  tin-  methods  employed  by  plii- 
IciMiphers  to  find  the  value  of;/  in  different  places. 
In  this  work,  for  the  want  of  knowing  better,  g  is 
put  32  2  feet.  That  is,  a  body  falling  from  a 
state  of  rest  is  supposed  to  be  moving  at  the  end 
.of  the  first  second  with  a  velocity  of  32  '2  feet  a 
second.  When  we  say  absolutely  and  without  other  explanation  that  the  quantity  g,  which 
expresses  the  acceleration  produced  by  gravity,  is  the  measure  of  thm  fiw.  w«  irfre  aa 
incorrect  idea,  since  if  is  in  reality  only  the  velocity  imparted  to  or  taken  fmm  a  oody  by 
gravity  during  each  second  of  its  action,  and  the  velocity  which  in  expirnm-d  in  fr«  t  rniiimt  tiMMort 
a  force  which  should  be  compared  with  pounds.  The  product  of  the  tuaw  m,  and  UM  ••luuity 

v  =  —  r,  has  received  the  name  momentum  ;  it  is  a  conventional  phrase,  lo  which  we  attach  no  other 

a    ' 

signification  than  that  of  the  product  of  the  mass  into  the  velocity  ini|*rt«d  to  or  taken  from  it 

l  '  • 
If  the  weight  w  =  193  Ibs.  where  g  =  82  J  ft.,  then  the  mass  will  be  «  gjr  •  6.    In  Parfa  f  k  aid 

to  be  =  32  1817  ft.,  in  which  place  w  would  bo  =  193-0902  1U.  ;  but  UM  aam  remain*  unaltered, 
for  ~  =6  also.  A  body  W  at  the  point  P,  weighing  280  Iba.  moting  in  any  direction  with 

i4*xzao 

a  velocity  of  14  feet  a  second  has  accumulated  in  it  700  unit*  of  work,  for  -  jy 

Suppose  two  weights,  F  and  E,  Fig.  18,  weighing  4-9  Iba.  and  7  Iba.  rMpeetivdy,  to  to  CM 
nected  by  a  cord,  I  CD,  that  goes  over  a  fixed  pulley  0,  M  in  Al*ood  »  maoAoM  ;  UM  apM 
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which  E  must  descend  to  acquire  a  given  velocity,  say  2-3  feet  a  second,  may  be  found  on  the  principle 
of  work  without  direct  reference  to  the  acceleration  of  the  bodies  in  motion.  Thus,  the  units  of  work 

(Z' 3V  x  4 '9  (2'3^2  x  7 

in  F  =  ^5 — -         T~  =  '4025 ;  the  units  of  work  in  E  =  5-         p^  =  -575 ;    therefore,  the  total 

L    X    (d£' &)  4*    (36    4) 

accumulated  work  in  the  bodies  E  and  F  at  the  required  position  =  •  9775.     Now  if  we  suppose  x  to 

be  the  space  passed  over  by  each  of  the  weights,  then  the  work  of 

gravity  on  F  =  4'9  x  x;  and  the  work  of  gravity  on  E  -  7  x  x; 

as  the  work  performed  on  F  has  been  produced  by  the  work  of  E, 

the  work  existing  in  the  bodies  is  also  represented  by  the  differ- 

enceof7xjand4-9  x  x  -  2-1  x  x.   Therefore2'l  x  x  =  -9775, 

•9775  ,  .  41  . 

whence  x  =  -5:,    feet  =  5  ~TT  inches. 

m   M  i " 

Again,  suppose  a  weight  of  9  Ibs.  to  act  upon  a  weight  of 
7  Ibs.  over  a  pulley  C,  Fig.  13 ;  the  time  taken  for  the  greater 
weight  to  descend  a  given  number  of  feet  (100),  and  the 
common  velocity  of  both  bodies,  may  be  determined  on  the 
principle  of  tcork,  without  direct  reference  to  acceleration.  For 
9  Ibs.  —  7  Ibs.  =  2  Ibs.,  and  100  x  2  =  200,  the  units  of  work  in 
both  weights.  Then  if  t;  be  put  for  the  velocity,  the  units  of 

pi  x  ff  _L  Q) 
work   in  both  bodies  will  also  be  expressed  by  Q4~4~~ 

whence  j^-j  =  200,  and  v  =  28-3725  feet,  the  velocity  at  the 
end  of    100  feet.      Then  the  mean  velocity  =  14-1862,  and 
=  7-05  seconds,  the  tune  of  descent. 


100' 


—  —  — 

ACHROMATIC  LENS.  FB.,  Lentille  achromatique  ;  GEB., 
Achromatische  Linse  ;  ITAL.,  Lente  acromatica  ;  SPAN.,  Lente 
acromdtico. 

Those  optical  instruments  and  lenses  which  suffer  the  rays  of 
light  to  pass  through  them,  without  decomposition,  are  called 
achromatic,  which  signifies  without  colour.  See  OPTICAL  INSTRU- 
MENTS. 

ACEE.  FB.,  Acre  (4840  yards  carre's)  '404671  hectare;  GEB., 
Acker.  —  Morgen  Landes  =  3291  '2  sq.  yards;  ITAL.,  Jugero  ;  SPAN., 
Acre  =  4046  •  87  metros  cuadrados. 

A  measure  of  land  containing  4  square  roods,  or  160  square 
perches,  is  termed  an  acre  ;  the  English  acre  of  land  contains 
4840  square  yards. 

ADDRESSING  MACHINE.  FR.,  Machine  pour  faciliter 
Fimpression  (Tun  grand  nombre  d'adresses  de  lettres  ;  GEB.,  Eine  Vor- 
richtung  damit  man  sehr  schnell  Brief  en-adressen  schreibenkann  ;  ITAL., 
Jfacchina  da  indirizzi  ;  SPAN.,  Mdquina  para  imprimir  sobres,  $a, 


An  addressing  machine  is  a 
machine  for  inserting  the  ad- 
dresses of  letters  and  other 
similar  articles. 

The  addressing  machine  of 
N.  E.  &  G.  W.  Warren,  Fig.  14, 
consists  of  a  curved  arm,  C,  ope- 
rating on  a  platen  and  worked 
by  a  treadle. 

The  curved  levers  or  arms, 
C,  C',  are  operated  by  the  bent  spring  G,'in  combination  with  the  adjustable  head  D,  and  the  faces 
c?,  a".  The  pall  F',  rock-shaft  L',  slotted  arm  L",  and  adjustable  rod  J,  are  worked  by  the  quad  ratchet  I. 
ADHESION.  FB.,  Adhe'sion ;  GEB.,  Anziehungskraft ;  ITAL.,  Aderenza ;  SPAN.,  Adhesion. 
Adhesion  is  the  union  of  the  surfaces  of  bodies  when  brought  together,  and  is  measured  by  the 
force  which  is  requisite  to  separate  them.  Adhesion  may  be  either  natural  or  artificial.  It  is  not 
to  be  confounded  with  Cohesion,  with  Gravitation,  nor  yet  with  the  pressure  of  the  atmosphere  upon 
an  external  surface  when  the  air  is  removed  from  beneath  it.  The  power  or  degree  of  strength 
with  which  bodies  unite  is  called  their  force  of  adhesion.  Bevan  found  that  a  nail  driven  into 
Christiana  deal  required  170  Ibs.  to  extract  it ;  in  green  sycamore,  it  required  312  Ibs. ;  in  dry  oak, 
507  Ibs. ;  in  dry  beech,  667  Ibs.  A  screw  holds  three  tunes  as  strongly  as  a  nail  of  similar  length , 
and  in  most  light  timbers  a  nail  driven  across  the  grain  holds  with  twice  the  force  of  one  driven 
with  the  grain.  In  oak  and  elm  there  is  not  so  much  difference.  Well-glued  surfaces  of  dry  ash 


ADHESION. 


*•  giue  *  new: 

The  adhesive  force  on  railroads  may  be  estimated  approximately 


:  225-  m  snow  and  frost.    On  horse-railroads,  or  tramways  in  largo  town*  c  Tarie. 
to  400-  in  snow  and  frost.    The  influence  of  the  rcautane£  operating  ou  railwaTtrain 

$L£M7i*r^^       *'  e*periment"  °f  **  •«*  «- 

The  force  of  adhesion  will  be  better  understood  from  its  practical  relation  to  friction,  mod  to 

tractive  and  retractive  forces. 


. 

Suppose  the  area  (A)  of  one  of  the  two  cylinders  of  a  locomotive  =  400  moan  inehn.  Ft*  IS  • 
stroke  (S)  of  piston  =  1  •  5  feet  ;  mean  pressure  (P)  on  the  square  inch  =  96  IbaVand  the  diameter  (D) 


of  the  driving-wheels  =  5  feet;  then  the  tractive  force  =      p      =  -  -  =  11520  lUt, 

28  M 
n  being  very  nearly  =  -p—  when  M  is  the  miles  an  hour  and  »  the  revolutions  of  the  driving- 

•  A  8  P 

wheels  a  minute.     Then  the  actual  horse-power  (H)  of  the  locomotive,  Fig.  15,  =  •  .100pr  = 

ASPM 

.;-.(.  I(    .    About  25  per  cent,  is  generally  allowed  for  the  friction  of  the  locomotive  iimihtimj) 

and  the  power  required  to  work  the  pumps. 

Suppose  a  locomotive,  Fig.  16,  weighing  18  tons  (f).  to  he  placed  on  an  incline  tiling  8  feet  (A) 
in  100 ;  the  length  (S)  of  the  stroke  of  the  piston  =  2  feet ;  area  (A)  of  piston  =  320  square  inches ; 
the  pressure  (P)  =  75  Ibs.  on  the  square  inch;  (c)  the  coefficient  of  *Ahtqjim  =  500*,  and  the 
diameter  (D)  of  the  driving-wheels  =  4'5  feet.  Required  the  tractive  force,  retractive  font,  and 
the  force  of  adhesion. 

ASP  320  x  2  x  75 

Tractive  force  =  -        -    -  22-4  x  th  =  -          ~ 22'4  x  18  X  8  =  7441  Iba. 

J_|  *r  "  O 

The  retractive  force  22 -4  x  t  x  h  being  =  3225-6  Ibs. 

The  base  (6)  for  the  rise  8  in  100  =  99-68,  whence  the  font  of  odketio*  = ^ —  • 

500  x  18  x  99-68 

-  -100—      -  =  10047-744  Ibs. 

But  since  10047  744  is  greater  than  3225-6  Ibs.,  the  locomotive  can  aarend  the  incline  with  a 
tractive  force  of  10047  744  -  3225  6  =  G822-144  Ibs.,  ami  without  th*-  driving  wheel*  •lipping. 

Putting  T  for  the  weight  in  tons  moved  on  wheels,  and  suppose  T  to  include  the  weight 
of  carriages  on  common  roads,  and  the  weight  of  carriages,  locomotive,  ami  tender  on  railroad*, 
then  on  railroads  the  tractive  coefficient  (A)  in  Ibs.  to  the  ton  in  T  varies  from  4  to  8  Iba.  O« 
railroads  in  good  condition,  with  axles  well  lubricated,  k  =  4  Iba.  to  the  ton  in  T:  on  railrnad* 
and  tramways  under  ordinary  circumstance*,  k  =  7 ;  for  roads  not  in  very  good  condition,  4  =  8. 

In  ordinary  traffic  — 

On  very  smooth  stone  pavement 

On  ordinary  street  paveim-nt*  in  good  condition 

On  some  pavement*  ami  turnpike  roads 

On  turnpike  roads  newly  hid  with  coane  gravel  and  broken  atone* 

On  common  roads  in  bad  condition,  k  =  150,  and  k  becomes  M  high  M  500  on  natural  looa* 
ground  or  on  sand. 

While  comparing  the  Ibs.  in  (A)  and  the  tons  in  (T),  it  mutt  not  be  forgotten  that  <  has  MM 
put  for  merely  the  weight  of  tho  locomotive  in  tons,  which  Kate  on  the  driving  •••••. 
illustrate  this  matter,  let  it  bo  required  to  find  tho  retractive  force  of  a  train  (T)  * 
Fig.  17,  moving  with  a  speed  (M)  -  25  miles  an  hour  on  a  horiiontal  line  of  railroad  in  UM 
condition,  or  when  k  =  4. 

Th,-  n  tractive-  force  is  nearly  =  T  (*  +  J  M)   =   150  (4  +  J  IS)  »  1»0  »- 
must  be  less  than  c  x  /,  the  adhesive  force.    The  actual  bone  power  (H)  of  UM  MM 


nearly  equal  to  (k  x  V  M).    I**  u  °«  required  to  find  the  bm..pu»«r  (U)  •inmry  to 
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draw  a  train  (T),  Fig.  18,  =  137  tons,  up 
25  miles,  when  k  =  6. 

1ST  T  25  x  137 

k  +  V  M)  =  g?5       (22  4  x  9  +  4 


AFTER-DAMP. 

an  incline  of  (/<)  =  9  feet  in  100,  with  a  speed  (M)  oi 

=  1923  5. 


The  adhesive  force  1QQ   must  be  greater  than  T  (22-4  h  +  k  +  V  M).    If  (d)  be  put  for  the 

number  of  consecutive  working  hours  of  a  horse,  (v)  the  velocity  in  feet  a  second,  and  (f)  the 
weight  of  a  horse  in  Ibs.,  then,  Fig.  19  we  have  the  approximate  formulae  — 

F  =  T  (k  +  V15)  ;  v  =  1  '466  M  ;  and 
550  375 

=        =         =  the  aMity  of  a  horse- 


Whence  the  tractive  ability  (F)  of  a  horse  running  five  miles  an  hour  in  four  (of)  consecutive 

375 

hours  =   K  —  T~7~  =  37  '  5  Ibs.     Lastly,  let  it  be  required  to  find  the  tractive  force  F  of  a  load  T 
°  V    4 

=  10  tons,  to  be  drawn  M  =  2J  miles  an  hour,  up  a  turnpike  road.  Fig.  20  ;  h  -  8  feet  in  100  . 
k  =  50,  the  road  being  newly  laid  with  coarse  gravel.  The  following  formulae  will  approximately 
apply  :— 

F  =  T  (22-4  h  +  k  +  V  M)  ;  M  =  -682  v  ; 
550        t'  h 

and  p  =  ?7d-rob- 

F  =  10  (22-4  x  8  +  50  +  ^^25)  =  2307  Ibs. 
Suppose  a  norse  to  weigh  t'  =  1000  Ibs.  and  to  work  continually,  d  =  1  hour,  up  this  turnpike 

road;  the  tractive  ability  of  this  horse  will  be  -W^?-=-  -   —  ,°^  =  86f  lbs-    Hence 


number  of  horses  required  = 


2307 


100 


=  27  nearly. 


20*. 


ADIT.  FB.,  Passage,  Galerie  (d'e~coulement 
cTeau  dans  les  mines) ;  GEB.,  Zugang,  Stollen ;  ITAL., 
Adito ;  SPAN.,  Galeria  de  una  mina. 

The  horizontal  opening  by  which  a  mine  is 
entered,  or  by  which  water  and  ores  are  carried 
away  is  termed  an  adit.  The  woodcut  represents 
an  exaggerated  section  of  part  of  the  underground 
workings  of  a  mine ;  6  is  the  shaft,  a  and  c  the 
adits,  and  /  the  lode ;  c  is  called  the  shallow  adit 
and  a  the  deep  adit. 

ADZE.  FB.,  Herminette;  GEB.,  Krummaxt, 
ffohleisen ;  ITAL.,  Ascia ;  SPAN.,  Azuela. 

An  adze  is  a  tool  for  chipping,  formed  with  a 

thin  arching  blade,  and  its  edge  at  right  angles 

to  the  handle.    The  edge  is  only  bevelled  on  the 

inside.     See  HAND  TOOLS. 

AFTER-DAMP.   FB.,  Mofettes ;  GEB.,  Bases,  oder  todtendes  Wetter ;  ITAL.,  Mefte ;  SPAN.,  Mofeta. 

Choke-damp  is  often  termed  after-damp  •  it  is  the  carbonic  acid  gas  which  accumulates  in  mines 
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regards  construction,  to  interest  civil 


iu 


The  annexed  woodcut,  Fig.  21,  represents  a  portable  steam-engine  and  wind!**  ~~M~*  M 
constructed  by  C.  Burrell  ;  the  windlass  has  a  single  theote  of  5  ft  diameter,  round  which  thTropo 


passes,  and  it  is  formed  of  a  double  series  of  small  leaves,  which  on  the  least  prearaie  rlatp  and 
hold  the  rope  until  it  takes  the  straight  line  on  the  oth«-r  j-i-l.-.  win  n  tin-  dips  fr*«ly  open  and 
liberate  the  rope.  By  this  simple  appliance  all  crushing  un<l  .-h-rt  1« -mis.  which  am  to  <!•  tnnwatal 
to  the  profitable  use  of  wire-rope,  are  entirely  avoided  ;  tin-.  coupli-d  with  the  fart  that  on  each 
passage  of  the  implement  the  rope  is  only  twice  bent,  and  thm  only  round  large  diameter*,  will  at 
once  show  this  system  of  using  wire-rope  to  be  most  advantageous.  The  mall  learn  an  matin  of 
chilled  cast-iron,  which  is  not  liable  to  much  wear,  but  the  leave*,  when  worn,  can  be  replaced  at* 
trilling  cu.-t.  '1  'lie  power  is  conveyed  to  the  windlass  by  an  upright  aliaft  from  the  crank  i' 

•.  22  represents  the  rope  porters  to  be  used  al<>ii'_'  with  tin-  i-nirino  for  agricultural 
just  described:    these  porters  are  placed  along  tho  field*  at  iiiUTvaU  of  40  jranla,  tbeteliy 


fa  abown  attached  to  Ike  vvktaff 


kooping  the  rope  entirely  off  tho  Rimmd.    The  ootakle  onca  an  mounted  oa  three  wheel*  08  ee  |e 

allow  them  to  be  moved  by  tho  rope. 

Fig.   23  represents  what  is  termed   tho  anchor, 
apparatus.     This  anchor  IH  inado  to  renirt  the  aide  strain  of 
of  the  disc  wheels  into  tin-  ground.    The  anchor  it  moved 
5-feet  afiratr,  which  is  tunnel 
the  sheavo  winds  Tip  a  ropo 
The  frame  is  made  entirely  of  wrought 


of  the  tmplMMDt  worked,  by  Ike  eotta* 

jd  along  tbeboadlaiMl  by  UM>  •wUoa  «rf  a 

f  by  the  ploughing  rope,  and  ae  the  ttloogn  goaa  away  fro»  Ike  eeafcot, 
stat-tchil  along  thelidland  and  ierp.  Ih*  aaebor  oppoeHe  tto  work, 
of  wrought  iron.  A.  the  dlao  can  be  oteered  •  any  iiiaettoa.  U* 
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anchor  may  be  moved  along  a  crooked  headland.  The  box  at  the  back  is  intended  as  a  counter 
poise  to  prevent  the  anchor  being  pulled  over  when  heavy  work  is  being  done.  This  machine  is 
managed  by  a  boy,  who  also  attends  to  the  shifting  of  the  rope  porters. 


Fig.  24  represents  what,  for  agricultural  purposes,  is  termed  a  liquid  manure  distributor, 
designed  by  W.  Crosskill.  A  pump  and  hose  being  fixed  to  this  cart  it  may,  when  yoked,  be  often 
found  useful  as  a  watercart,  either  for  the  transport  of  water,  from  a  distant  river,  well,  or  canal, 
or  it  may  be  applied  to  water  roads  and  streets. 


Fig.  25  represents  the  portable  farm  railway  of  W.  Crosskill,  which  may  sometimes  be  of  use  to 
contractors,  engineers,  or  builders. 

Fig.  26  represents  an  improved  horse  gear  or  horse-power  for  driving  machinery;  it  has  a 
strong  cast-iron  bed-plate  supporting  the  bearings  of  the  horizontal  ground  shaft,  and  the  step  for 
the  vertical  shaft.  To  prevent  accident,  and  as  a  protection  from  dust  and  dirt,  the  whole  of  the 
gearing,  and  working  parts,  are  encased  by  a  cast-iron  dome  cover,  secured  to  the  bed-plate,  by  screw 
bolts.  The  main  top  bearing  is  adjustable  by  set  screws,  so  as  to  ensure  uniformity  of  wear,  and 
steadiness  of  motion. 

Fig.  27  represents  the  bone-rasping  and  grinding  mill  of  Picksley,  Sims,  and  Co.  It  is  simple 
in  construction,  strong  in  its  working  parts,  and  produces  at  the  first  operation,  25  per  cent,  more 
dust  than  the  ordinary  bone  mill  at  present  in  use. 

The  working  process  is  as  follows : 

Unbroken  bones  are  thrown  into  the  hopper,  fall  upon  the  cutting  bed,  and  are  pressed  by  feed 
rams  against  the  teeth  of  revolving  cylinders  in  rapid  motion. 

The  reduced  bones  fall  into  an  oscillating  or  revolving  riddle,  attached  to  the  mill,  in  order  to 
separate  them  into  the  two  usual  qualities,  namely,  dust  and  half-inch  bones. 
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The  coarser  portions  of  bone,  which  do  not  pan  through  the  riddle,  am  then,  by  maim  at 
elevators,  thrown  again  into  the  hopper,  and  re-ground  with  the  unbroken  bonea.  At  UM  in* 
operation  the  following  proportions  are  obtained  : — 

Dust 45  per  cent,  of  the  entire  quantity  groat*!. 

|-inch  bone    .    .  30  ..  ..  „ 

Coarser  matter  (to  bo  re-ground)  25  per  cent 

This  mill  is  adapted  for  grinding  every  deacription  of  U.nca.  imvpectiv*  of  ais*  and  qoalilr 
The  feeding  of  the  mill  in  r.  -nlnt.  .1  nit-  nut-h  l.y  the  driving  abaft,  and  by  a  enaaiat  bafcii*^ 
weight  placed  beneath  the  mill :  l.y  Una  contrivance,  the  booaa  an»  pnmtA  acataat  Uw  nattaii 
without  any  undue  6tni"  being  thrown  on  the  working  part*,  and  the  poaribUity  of  brmfcaf*  to 
diminished. 
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The  mill  has  an  apparatus  attached,  for  passing  small  pieces  of  iron  which  may  accidentally 
get  into  the  hopper  with  the  bones. 

Unusual  facilities  are  given  for  keeping  the  cutters  sharp  and  in  working  order,  as  they  can  be 
readily  disengaged,  sharpened  on  a  grindstone,  and  replaced  in  working  order  by  any  intelligent 
labourer. 

Directions  for  Proper  Use.— The  mill  should  be  set  level  upon  a  solid  foundation  of  stone,  and 
secured  by  means  of  screw  bolts. 

The  caps  on  the  bearings  should  be  firmly  screwed  down,  merely  leaving  sufficient  play  for  the 
shafts  to  revolve  without  unnecessary  friction. 

The  driving  strap  should  be  placed  tightly  upon  the  driving  pulley,  and  the  mills  driven  at  the 
following  speeds : — 


2-horse  power  mill,  250  revolutions  a  min. 
4-horse        do.          225  „  „ 

6-horse        do.          200 


8-horse  power  mill,  150  revolutions  a  min. 
10-horso        do.          150  „  „ 

12 -horse        do.          125 


The  oil  boxes  on  all  the  shafts  should  be  kept  well  supplied  with  oil. 

When  the  knives  require  grinding  they  may  be  readily  removed  from  the  cylinder,  by  using  a 
key  of  |  steel  as  a  drift ;  this  operation  is  performed  by  holding  one  end  of  the  drift  against  the 
small  end  of  key  which  keeps  the  knives  in  place,  and  striking  the  other  end  with  a  hammer  until 
the  key  is  backed  sufficiently  to  be  withdrawn  ;  by  this  means  the  spiral  segment  which  keeps  the 
knives  in  place  can  be  disengaged,  and  when  the  segment  is  removed,  the  knives  are  liberated,  and 
may  be  taken  out. 

In  replacing  the  knives,  care  should  be  taken  that  the  keys  are  so  driven  in,  that  they  may 
clear  the  frame  at  the  head  and  point,  and  the  knife  edge  should  pass  the  cutter  bar  without 
touching. 

The  knives  should  be  ground  daily,  as  upon  their  sharpness  depends  the  satisfactory  working 
of  the  mill,  both  as  to  quantity  and  fineness  of  the  dust  produced. 

As  the  knives  wear,  they  should  be  kept  up  in  the  slots  by  strips  of  wood  being  placed  under- 
neath them. 

Before  starting  it  is  desirable  that  the  mill  be  inspected,  to  see  that  all  bolts  and  nuts,  are 
secure,  and  the  knives  firmly  fixed  in  their  places,  and  that  the  cylinder  has  sustained  no  injury 
in  a  previous  operation. 

The  chief  aims  of  the  application  of  mechanical  power,  as  a  substitute  for  manual  labour,  are 
to  effect  improvements  in  the  results  of  labour,  and  to  render  them  less  expensive.  The  use  of 
the  hand-flail  to  separate  and  detach  corn  from  its  ears  is  now  pretty  generally  superseded  by  the 
thrashing  machine,  which,  in  its  main  features,  may  be  called  a  jcontrivance  devised  to  supersede 
by  mechanical  means  the  use  of  the  hand-flail,  and  thus  to  economize  at  the  same  time  both  time 
and  labour,  and  secure  a  less  wasteful  mode  of  separating  the  corn  and  chaff  from  each  other.  A 
thrashing  machine  essentially  consists  of  a  rapidly  revolving  cylinder,  with  raised  edges  or 
beaters  parallel  to  its  axis  and  standing  out  from  its  surface.  The  cylinder  or  drum  is  covered  by 
a  concave  surface  at  some  two  or  three  inches  distant  from  the  surface  described  by  the  edges  of 
these  revolving  beaters.  A  feeding  board  extends  radially  and  horizontally  outwards  from  the 
cylinder,  and  near  its  termination  are  placed  two  feeding  rollers,  which,  in  revolving  towards 
one  another,  not  only  rapidly  draw  the  straw  forward,  but  also  hold  it  from  going  too  fast,  which, 
under  the  action  of  the  beaters,  would  be  liable  to  happen.  The  beaten  straw,  with  the  chaff  and 
grain  lying  loose  among  it,  is  delivered  on  the  floor  behind  the  cylinder,  and  the  operations  of 
separation  by  fork,  riddle,  and  fanner  may  be  afterwards  performed  by  hand ;  but  in  the  more 
improved  modern  machines  these  operations  also  are  effectually  done  by  mechanical  contrivances, 
usually,  so  connected  with  the  thrashing  machine  as  to  operate  with  it  at  the  same  time  and  by 


the  same  motive  power.  The  annexed  woodcut,  Fig.  28,  represents  a  portable,  combined,  single 
blast  thrashing,  straw-shaking,  riddling,  and  winnowing  machine,  constructed  by  Picksley, 
Sims,  and  Co. 
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improvement  shown  in  Fig  29.  Two 
hinged  plates  are  secured  to  the  top  of 
the  yoke,  as  shown  in  Fig.  29,  the  free 
ends  engaging  with  notches  cut  in  the 
bow,  and  holding  them  securely  in  place 
until  they  are  forcibly  raised  by  hand. 

Sheep  Shear. — Fig.  30  represents  OH 
improved  sheep  shear,  the  movable  cutter 
A  pivoted  to  the  face  of  the  stationary 
cutter  13,  which  is  divided  into  fingers, 
or  bars,  each  one  presenting  a  cutting 
edge  to  the  action  of  the  movable 
blade.  A  slot  in  the  free  end  of  the 
spring  handle,  and  a  screw  in  the  end 
of  the  vibrating  cutter,  with  a  stop  on 
C,  on  the  opposite  side  of  the  plate 
B,  governs  the  throw  of  the  blade. 
The  forks  of  the  plate  readily  enter 
the  matted  fleece,  thus  facilitating  the 
operation  of  shearing,  and  the  action 
of  the  blade  ensures  a  drawing  cut, 
requiring  less  power  and  producing  a  cleaner  cut  than  ordinary  sheen.  The  form  of  th»  cutter  aoJ 
its  throw  can  be  regulated  to  suit  any  hand  ;  this  implement  may  serve  also  fur  rli|i|.m«'  hone*. 

A  wagon,  the  contents  of  which  could  be  readily  emptied  or  dix-har^iil  hy  iu  attendant,  ha* 
long  been  a  requirement,  not  only  upon  a  farm,  but  more  especially  in  the  grading  of  •trooti, 
railways,  and  the  like.  Dumping,  as  hitherto  performed,  required  a  considerable  exercise  of 
muscular  force  when  the  discharge  of  the  materials  was  from  a  four-wheeled  wagon ;  the  operation 


also,  comparatively  spanking,  involved  prcnt  loas  of  timo.     'I  lii»  nm$M,  -~ry- 
appears  to  be  effectually  secured  in  dumping.    The  OMential  feature*  oi 


.-J.ML 
•ill  b. 
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readily  understood  by  a  reference  to  the  cuts.  This  wagon  consists  of  a  box,  or  body,  composed  of 
separate  sections  arranged  in  line  with  each  other  between  the  longitudinal  sides,  or  bed-pieces, 
of  the  wagon  frame,  each  section  being  pivoted  or  suspended  upon  these  bed-pieces  by  suitable 
laterally  projecting  trunnions  or  pivots,  so  that  it  may  be  placed  in  a  horizontal  position  to  hold 
the  materials,  or  it  may  be  tilted  with  its  open  or  rear  end  downwards  to  discharge  the  materials 
therefrom.  When  the  sections  are  nil  in  a  horizontal  position,  as  shown  in  Fig.  31,  the  sections 
are  connected  by  suitable  latch-pieces,  or  catches,  at  their  sides,  in  such  a  way  as  to  be  firmly  held 
in  place.  These  sections  may  be  filled  by  shovelling,  or  other  means,  in  the  same  manner  as  an 
ordinary  wagon  or  cart  box.  When  it  is  desired  to  dump  or  discharge  the  load  placed  upon  the 
wagon,  the  several  sections  composing  the  box  are  disconnected,  and  the  sections  are  tilted 
as  before  mentioned,  and  shown  in  Fig.  32,  whereupon  the  materials  drop  from  the  sections 
by  their  own  gravity,  and  the  sections  are  consequently  emptied  with  great  speed  and  facility. 

The  Chdtillonais.—For  the 
convenience  of  such  agricul- 
turists as  are  in  the  habit  of 
making  wine,  cider,  or  perry, 
we  give  a  cut,  Fig.  33,  and 
short  description  of  a  very  use- 
ful press  known  as  the  Chatil- 
lonais,  and  highly  esteemed  in 
France.  The  mechanism  is 
placed  on  wheels,  and  the  ma- 
chinery for  pressing  ia  below 
the  trough.  The  pressing  is 
so  performed  that  free  passage 
is  given  to  the  screw  ;  the 
ratchet  brace  A,  placed  upon 
the  handle  of  the  axis  C,  is  pro- 
vided with  14  crank  -handles, 
and  by  means  of  C  moves  B, 
which  has  90  teeth  ;  the  axis 
of  the  latter  carries  a  conical 
cog-wheel  with  10  teeth,  and 
this  wheel  grips  into  the  large 
wheel  D  provided  with  102 
teeth  ;  the  multiplication  is 
therefore  6  •  43  x  10  •  2  =  65  •  586, 
that  is  to  say,  that  the  screw 
makes  one  revolution  for  65*586 
strokes  or  revolutions  of  the 
handle.  The  average  diameter 
of  the  screw  is  0'  1015,  and  its  thread  is  25  ;  thfs  gives  for  the  inclination  of  the  thread  a  =  4°  30'. 

The  radius  of  the  handle  is  Om  40  at  most,  that  is  to  say,  L  =  0  4,  r  =  0  •  05075,  n  =  65  •  586, 
a  =  4°  30',  and  v  —  5°  42'  '40.  If  these  figures  be  substituted  in  the  general  formula  we  have  the 
following  result  :  — 

P  =  F  X   -  x  65'586 


lO°12'  40"  +     -88fr  5"  42'  40" 

Place  for  F  15  kilogrammes  for  one  man,  or  in  all  30  kilogrammes,  P  =  49545,  and,  neglecting 
friction,  we  have  at  least  40,000  kilogrammes  of  useful  work. 

49-545kil.  x  0-025 
65-586  x  2  TT  x  0-4  x  30kil.  " 

When  the  friction  is  taken  into  consideration,  we  have  only  0-207,  or  about  21  per  cent. 

The  improved  Reaper  of  Messrs.  Howard.  —  In  this  reaper,  Fig.  34,  double  concentric  cams  are 
employed,  the  one  for  directing  the  motion  of  the  gatherers,  and  the  other  for  guiding  the  rakes  ; 
the  former  being  caused  to  drop  down  into  the  grain,  in  order  to  bring  it  up  to  the  cutters,  and  then 
to  rise  again,  so  as  to  clear  the  cut  grain  on  the  platform,  which  is  removed  by  the  rakes  governed 
by  the  second  annular  or  concentric  cam.  The  platform  is  hinged  to  the  centre,  by  a  kind  of  drag 
6tir,  and  the  delivery  is  effected  by  a  central  shaft,  which  is  driven  by  a  pitch  chain,  thus  enabling 
light  gearing  to  be  used  for  operating  the  cutter  bar.  The  mower  of  Messrs.  Howard,  also,  possesses 
several  improvements,  amongst  which  we  may  point  out  a  simple  mode  of  lifting  and  varying  the 
angles  of  the  cutter.  The  "  Clipper  Mower,"  which  we  illustrate,  has  many  peculiarities.  The 
pole  is  independent  of  the  draught,  as  the  tractive  strain  is  exerted  through  a  sliding  attachment 
on  the  under  side  of  the  pole.  By  this  system  there  is  a  tendency  not  only  to  draw  the  machine 
directly  forward,  but  at  the  same  time  to  lift  the  shoe  off  the  ground.  The  inside  shoe  and  its 
attachments  are  so  arranged  that  the  fingers  and  knives  can  be  changed  from  a  level  cut  to  an 
angle  of  thirty  degrees,  while  the  machine  is  in  motion. 

Colvin's  Cow-milking  Machine.  —  The  engraving,  Fig.  35,  represents  three  cow-milking  machines, 
operated  by  power,  and  attended  by  one  man  ;  two  of  these  machines  are  shown,  each  milking  a 
cow,  and  one  exhibits  the  milking  completed,  and  the  cow  turned  back  out  of  the  way,  so  that  the 
cow  that  has  been  milked  may  pass  out  to  make  way  for  another  to  come  into  the  stall  to  be 
milked,  so  as  not  to  stop  the  power  while  changing  the  cows.  The  stanchion  is  the  same  as  any 
ordinary  stanchion,  with  the  exception  that  it  opens  out,  to  let  the  cows  pass  through,  and  facilitates 
the  changing  of  them  ;  in  this  manner,  cows  can  be  very  quickly  brought  to  the  machine.  The 
operation  occupies  less  time  than  it  would  take  to  go  to  the  cow  in  the  yard,  or  stable  ;  the  cows 
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soon  learn  to  come  to  the  machine  if  fed  a  few  times  while  being  milked,  or  by  being 
through  giving  them  some  salt.  The  milk  is  conducted  by  suitable  tubing  into  large  cans  partially 
sunk  in  the  floor;  three  machines  are  sufficient  to  milk  sixty  cows  in  the  time  it  would  take  MX 
men  to  milk  them  by  hand.  The  moving  power  is  imparted  to  the  machine*  by  hand,  by  a  dog 
running  in  suitable  gear,  or  other  prime  mover.  The  milkers  are  worked  by  pumps,  the  puions  of 
which  are  driven  by  power ;  they  are  attached  by  a  jointed  iron  pipe  to  allow  of  the  morement  of 
the  cow  forward,  backward,  or  sideways,  always  adapting  itself  to  ner  motion* ;  the  teat-cups  ate 
made  of  corrugated  india-rubber  closely  enveloping  the  teats,  and  will  fit  any  cow.  The  pump* 
oscillate  in  such  manner  as  to  give  the  natural  motion  of  a  calf  sucking,  or  to  impart  the  motion 
of  the  human  hand  while  milking ;  the  space  between  the  elastic  diaphragm  in  the  milker  and 
the  pump  being  filled  with  water,  which,  in  working  the  pumps,  oscillates  in  the  tuba,  and 
produces  a  vacuum  at  each  alternate  stroke.  By  the  working  of  this  machine  it  u  clear  th»t 
no  dust  nor  any  dirt  can  fall  into  the  milk. 

34. 
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formed,  and  the  forward  action  of  this  implement  or  machine  effects  a  complete  separation  of 
the  grass,  while  its  back-action  leaves  the  crop  light  and  loose.  The  fork  barrels  afe  so  arranged 
as  to  render  clogging  almost  impossible ;  the  forks  are  mounted  in  sets  of  tliree,  and  placed  in  a 
zig-zag  position ;  this  arrangement  equalizes  the  work,  while  it  separates  and  distributes  the 


crop.  The  machine  shown  in  Fig.  36  is  fitted  with  a  wire  screen  to  prevent  the  grass  from 
lodging  on  the  front.  The  usual  method  of  reversing  the  motion  of  such  machines  has  hitherto 
been,  either  by  loose  sliding  pinions  operated  by  means  of  clutches  on  the  fork  barrels,  or  by 
eliding  the  fork  barrels  themselves ;  this  last  plan  having  the  disadvantage  of  altering  the  relative 
positions  of  the  forks,  and  rendering  the  machine  liable  to  clog.  In  Howard's  haymaker,  the  gear- 
work  is  strong  and  simple,  and  the  motion  can  be  changed  in  an  instant  to  the  backward  or  forward 
action  by  a  simple  eccentric  movement  of  the  main  axle,  and  thus  the  disadvantages  above  pointed 
out  are  obviated.  A  similar  eccentric  movement  is  employed  to  raise  or  lower  the  fork  barrels,  so 


as  to  adapt  the  machine  to  the  nature  of  the  crop.    When  the  forks  are  set  for  the  forward  action,  no 
change  is  required  when  the  backward  action  of  the  machine  has  to  be  brought  into  play. 

Fig.  37  represents  Howard's  Double-action  Haymaker,  designed  for  two  horses :  the  wire  screen  to 
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in  front  may  be  applied  to  this  machine  in  a  similar 


prevent  the  grass  from  lodgin 
shown  in  Fig.  36. 

To  prepare  the  machine  for  work,  take  off  the  travelling  wheels,  grease  the  axle*,  M«  thai 
the  gearing  ia  clean,  and  supply  a  little  of  the  best  machine  oil  to  the  two  oil  hole*  in  each  fork 
barrel  and  in  each  side  plate.  When  the  machine  ia  in  work,  tin-  axles  must  be  graved  and  the 
gearing  cleaned  once  a-day,  and  the  fork  barrels  and  side  plates  oiled  two  or  tlm  .  time*  a-day. 

For  the  first  tedding  or  breaking  the  swarthe,  the  forward  action  should  be  iurd.  To  pot 
the  machine  into  gear,  move  the  lever  opposite  to  the  letters  "  F  A"  on  the  side  j.)»t.  It  i» 
generally  better  to  work  the  machine  across  the  swarthe,  as  it  spread*  the  gram  more  evenly. 

The  backward  action  is  to  be  used  when  the  grass  is  jiartially  ilri..|.  t<>  lid.t.  n  it  tin,  and 
thoroughly  expose  it  to  the  action  of  the  sun  and  air.  The  backward  action  may  al*u  be  uwd  »  till 
great  advantage  for  opening  windrows. 

The  machine  should  be  raised  from  and  lowered  to  the  ground  to  suit  the  state  of  the  crop  ; 
the  heavier  the  crop  is,  the  higher  the  fork  barrels  should  IM-.  To  alt«-r  tin-  lu-i^lit  ••(  tii«» 
machine,  move  the  lever  fixed  to  the  end  of  the  shaft  bar.  When  working  with  the  Utrkward 
action  only,  set  the  machine  near  to  the  ground. 

When  the  single  haymaker  is  operated  with,  the  best  method  of  raising  or  lowering  the  fork 
barrels  is  as  follows  :  —  Close  the  fork-heads,  raise  the  shafts  gently  till  tin-  heads  rat  on  the 
ground,  and  then  slacken  the  handle-nuts  until  the  bolts  can  be  raised  or  lowered  into  the 
required  notch. 

Should  any  of  the  parts  of  the  machinery  shown  in  Figs.  38  to  49  be  accidentally  broken,  or 
require  to  be  removed,  they  can  be  supplied  separately  and  drtarln-d. 

Fig.  38  shows  the  off'  side  eccentric  ;  Fig.  39,  the  covering  plate  ;  Fig.  40.  centre  star  and 
barrel  ;  Fig.  41,  side  star  with  pinion  ;  Fig.  42,  wheel  :  Fig.  43,  fork  head  casting  for  •P'tag  ; 
Fig.  44,  fork  head  casting  ;  Fig.  45,  loose  pinion  :  Fig.  40.  near  side  eccentric  (outaidf)  ;  Fig.  47, 
near  side  eccentric  (inside)  ;  Fig.  48,  side  star  ;  Fig.  49,  wheel  box. 


One  of  //—/',  Norse-rakc,  is  shown  in  Fig.  80.  and  i.  tolWidad  far 
crops,  and  for  windrowing.     Altho.uih  tin-  n,L.  ,.«  «*•  l..r.-;  J 


gateways  or  along  narrow  roads.    This  form  of 
where  roads  are  narrow. 
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On  the  Application  of  Steam-Power  to  Cultivation. — This  article  is  taken  from  a  paper  published 
in  the  '  Proceedings  of  the  Institute  of  Mechanical  Engineers,  1865-6,'  the  joint  production  of 
John  Fowler  and  David  Greig,  of  Leeds.  In  considering  the  mechanical  problem  to  be  solved 
in  the  application  of  steam-power  to  agriculture,  it  is  requisite  before  referring  to  the  design 
of  any  particular  machine  to  examine  the  general  principles  on  which  the  application  of  me- 
chanical power  to  cultivation  can  be  best  effected.  To  do  this  effectually,  it  is  necessary  to 
ascertain  the  nature  and  extent  of  the  difficulties  to  be  overcome,  and  these  may  be  stated  to 
be  the  following  : — 

I.  The  irregularities  of  level  in  the  surface  to  be  acted  upon. 

II.  The  varying  positions  of  the  machinery  upon  the  ground  rendered  necessary  as  the  work 
proceeds. 

III.  The  difficulty  of  getting  heavy  engines  of  sufficient  strength  moved  about  where  no  roads 
exist. 

IV.  The  production  of  a  rope  of  sufficient  strength,  hardness,  and  elasticity,  to  stand  the  work. 

V.  The  changes  in  the  state  of  the  soil  from  effects  of  the  weather. 

I.  The  first  idea  which  naturally  occurs  in  applying  steam-power  is  that  of  attaching  the 
motive  power  direct  to  the  implement,  as  is  done  in  the  case  of  horses.  But  experience  has  proved 
that  the  power  required  to  move  a  steam-engine  over  land,  of  sufficient  power  and  weight  for 
traction  purposes,  is  quite  impracticable,  from  the  fact  that  such  an  engine  would  weigh  at 
least  12  tons,  and  would  in  many  cases  absorb  as  much  as  30-horse  power  in  the  mere  act  of 
moving  itself  at  the  rate  of  2£  miles  an  hour.  Moreover,  when  the  land  gets  at  all  wet  and  greasy 
on  the  top,  it  becomes  quite  impossible  to  make  such  an  engine  travel  over  the  soil ;  while,  more- 
over, the  compression  caused  by  its  travelling  over  the  land  would  in  most  cases  neutralize  the 
good  otherwise  effected  by  the  cultivating  implement.  Under  these  circumstances  it  becomes 
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absolutely  necessary  to  convey  the  power  over  the  surface  of  In*  land  by  mean*  of  * 
allowing  the  prime  mover. 

The  use  of  wire  rope  for  this  purpose  met  at  first  with  great  difficulty,  ami  WML  tnm  i 
causes,  attended  with  great  drawbacks,  but  theae  having  uet-u  gradually  •MHOMkl  u 
generally  applied.    The  first  system  of  using  rope  wa*  by  placing  the  engine'  ID  a 
position  at  the  side  or  corner  of  the  field  lo  be  cultivated,  as  thowti  in  the  diagram,  l£j 

A 


1 — I 


leading  the  rope  all  round  the  margin  of  the  field  .  the  two  end*  of  the  rope  w«r  attarhtd  to 
two  winding  drums  at  the  engine,  giving  out  and  taking  in  the  rope  hit.  nmt.h  m.d  t!,.-  ntnairti 
or  cultivating  implement  being  attached  to  the  middlr  <>f  the  rope.  »a»  Iwul.d  IwrkwanU  and 
forwards  across  the  field.  This  rectangular  arrangement  involved  a  great  deal  of  fixing  mafhlmry 
in  the  field  before  commencing  operations,  inelndnr.:  fixing  the  engine  and  windlaaa,  fling  a 
pulley  or  snatchblock  at  each  of  the  two  corners  of  the  ti<  M  ncareat  to  toe  engine,  and  a  Urjfr 
number  of  rope  porters,  or  carrying  pulleys;  it  also  entailed  two  movmble  ancaon,  one  at  «wh 
end  of  the  line  of  traverse  of  the  implement,  which  had  t<>  U-  Mi  if  ted  by  aome  mrantnrb  time 
that  the  traverse  was  reversed,  so  as  to  lead  the  implement  into  a  freah  line.  In  Fig.  52,  D  u  tbo 
engine.  B  E  J  L  M  are  rope  porters,  C  the  windlass,  A  and  F  pulleys.  H  H  ntovahlr 
K  the  plough,  and  Z  Z  stationary  points.  The  g.-n.  ml  c<>ii!-tni<-tion  of  the  rope  porlen  it  i 
in  Figs.  53,  54,  55,  56,  57,  58.  Figs.  53,  54,  55,  show  the  larger  kind  nacd  for  the  pennai— 


of  n.po.  and  Figs.  56,  57,  58,  show  tho  atnall  porter*  for  tl.o  rope  altaHt«l  to  lb«  fa 

which  are  withdrawn  nnd  plnr.il  Birnin  by  boya  aa  the  implement  pa«w  •W"  ' 

empl..yin-:  unrh  an  arrnnu'.-m,  nt  «.f  ta.-klr,  tho  con- 

DOmerooa   j.nll. •%-.•<  mul    lr..jii.-nt  bcmling  of  lhi»  n»po  o*rr  tho  pull>-y«.  ""•^* 

small  in  diameter,  and  the  irn-at  time-  mjuirwl  for  flxinij  tho  apparatiw.  mrij J«d  I 

that  such  plan  of  apply-in-  |..w.  r  e..uld  not  «Dte  penuaoeotly  •uccoarful,  M 

aeded  by  more  din-et  and  xirnple  arrnngcmento. 

The  second  mode  of  using  winvropc,  ahown  in  Fif.  W,  WM  Dianlj 
and  coiiHint.il  in  placing  the  stationary  engine  an«l  wimllaM  in  tbt  MM 
and  leading  the  ropes  away  diagonally  acn«»  Uw  fleM  to  two  nwnmWr  anrbun 
of  the  line  of  traverse  of  tho  implement.     A  |«.r  -f  lK*iaontal  'T*'"1*^"11*' 
windlass  nllow.il  the    p.pe  t..  |«M  off  at  tho  varying  an 
r«-)iiir.d  until   l«'tli   tli-    m«>\ab|f  anchor*  ranie   in  a  straight    I 
triangular  plan  the  two  fix.d  pulleys  in  thv  com.  r  of  UM  laid,  H 
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and  fully  one-fourth  of  the  rope  with  its  requisite  porters  was  saved.    This  arrangement  was  a 
improvement  on  the  former,  and  the  encouragement  that  it  elicited  led  to  a  further  step, 


which  su0gested  the  important  principle  on  which  all  subsequent  machines  have  been  constructed, 
namely,  that  of  direct  pull. 

In  Fig.  59,  1  is  the  engine ;  2  the  windlass ;  3,  4,  7,  8,  rope  porters ;  5,  10  movable  anchors ; 
6  the  plough,  and  Z,  Z,  stationary  points. 

The  third  plan  of  working  with  rope,  with  direct  pull  upon  the  implement,  is  shown  in  Fig.  60, 
and  consisted  in  placing  two  horizontal  winding  drums  under  a  travelling  engine  which  moved 

60. 
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slowly  along  the  headland  of  the  field,  keeping  always  in  line  with  the  work.  The  travelling 
motion  was  obtained  by  means  of  a  pinion  gearing  into  a  large  internal  toothed  wheel  fixed  upon 
one  of  the  carrying  wheels  of  the  engine,  and  connected  to  it  by  a  friction  clip  to  prevent  any  risk 
of  injury  from  overstrain.  The  rope  was  stretched  from  one  winding  drum  of  the  engine  across 
the  field  to  a  movable  anchor  on  the  opposite  headland,  and  then  back  to  the  implement  to  which 
it  was  attached,  and  another  rope  from  the  other  drum  was  also  attached  to  the  implement. 
The  work  was  performed  by  the  engine  winding  up  one  drum  as  it  gave  off  rope  from  the  other, 
the  implement  being  thereby  pulled  backwards  and  forwards  across  the  field. 

In  Fig.  60,  a  is  the  engine,  6  c  d  e  f  h  rope  porters,  g  the  movable  anchor,  k  the  plough,  and  Z 
stationary  point. 

The  movable  anchor  is  shown  in  Figs.  61,  62,  and  consists  of  a  carriage  with  a  horizontal 
pulley,  A,  mounted  on  it,  round  which  the  hauling  rope,  B,  of  the  plough  worked  while  the  sharp- 
edged  carrying  wheels,  C,  entered  the  ground  and  resisted  the  side  pull  of  the  rope.  The  anchor 
carriage  was  moved  forward  each  time  of  changing  the  direction  of  the  implement  by  means  of  a 
stationary  rope,  D,  stretched  along  the  headland  and  made  fast  at  the  end,  as  shown  in  Fig.  60. 
This  rope  was  attached  to  a  small  drum,  E,  on  the  anchor  carriage,  and  a  slow  motion  was 
communicated  to  the  drum  from  the  pulley,  A,  by  the  two  pair  of  wheels  and  pinions,  F,s  being 
thrown  into  gear,  the  anchor  carriage  thus  pulled  itself  along  the  headland  a  sufficient  distance 
each  time,  so  as  always  to  keep  in  line  with  the  implement  and  engine.  The  box,  G,  on  the 
carriage  was  weighted  sufficiently  to  serve  as  a  counterpoise  to  the  pull. 

The  experience  gained  in  this  plan  of  working  showed  that  the  principle  of  direct  pull  of  the 
engine  upon  the  implement  was  the  correct  one,  but  the  cumbersome  arrangement  of  the  two 
winding  drums  and  the  difficulty  of  coiling  the  whole  length  of  rope  required  for  reaching  across 
the  field,  together  with  the  crushing  of  the  rope  arising  from  the  soft  material  of  which  it  was  then 
made,  and  the  small  diameter  of  the  drums  necessarily  employed,  indicated  the  need  for  a  still 
further  modification  in  the  apparatus.  The  next  step  was  the  employment  of  an  endless  rope 
stretched  across  the  field,  as  in  the  preceding  case,  with  this  difference,  that  the  power  was  now 
communicated  to  the  rope  by  friction  instead  of  by  winding  on  and  off  a  drum,  as  in  the  plan  last 
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Figs.  63,  64 ;  and  the  rope  was  led  four  times  half  round  both  drums,  M  in  Fig.  64,  the  two 
drums  being  geared  together  by  the  pinion  13.    By  this  means  sufficient  bold  WM  obtained  to 


overcome  the  resistance  of  the  work.  In  order  to  meet  the  variations  in  the  length  of  the  rope 
occasioned  by  the  irregularities  in  the  boundary  of  the  field,  two  light  barrel*  worked  by  hand 
were  mounted  on  the  cultivating  implement  to  which  both  ends  of  the  rope  were  attached,  and  by 
these  barrels  a  portion  of  rope  was  let  out  or  taken  up  by  hand  as  required  to  keep  it  at  the 
proper  degree  of  tightness.  When  new,  this  apparatus  worked  very  well,  bat  the  wear  and  tear 
of  rope  from  its  numerous  bends,  and  more  especially  from  another  caiw,  which  required  mmt» 
time  to  develop  itself,  rendered  it  necessary  to  abandon  this  plan.  This  great  difficulty  WM  th* 
impossibility  of  keeping  the  eight  grooves  of  the  driving  drum  all  of  equal  diameter.  The  two 
leading  grooves  were  found  to  be  always  wearing  at  double  tho  rate  of  the  other*,  and  all  UM 
grooves  having  to  revolve  at  the  same  rate,  a  constant  surging  of  the  rope  was  occasioned  by  UM 
difference  in  speed  of  the  circumference  of  the  different  groove*.  This  Involved  destructive  wear 
of  the  rope  and  loss  from  friction,  and  every  revolution  of  the  drum*  canard  a  further  grinding 
away,  thus  increasing  the  errors  in  the  diameters  of  the  groove*.  As  an  instance  of  UM  deteriora- 
tion thus  occasioned,  it  may  be  mentioned  that  the  apparatus  got  into  *o  bad  a  condition  that  the 
engine  could  not  perform  one-half  the  work  that  was  done  by  it  when  new. 

These  evils  led  to  a  modification  of  this  plnn  of  driving,  by  the  employment  of  a  eiafM 
driving  drum  with  two  V-groovea,  a*  shown  at  C,  Fig*.  65,  66,  round  which  the  rope  WM  »*4e 
to  take  two  three-quarter  turns,  one  in  each  groove.    This  wa*  eflheted  by  wing  two  guide 
pulleys,  D  D,  one  on  each  side  of  the  driving  drum  C,  which  transferred  the  rope  fro»  oa* 
groove  to  the  other  of  the  driving  drum.    In  this  case,  a*  there  WM  only  one  driving  drao  with 
two  grooves  in  it  instead  of  two  drums  with  four  groove*  in  each  drum,  the  wear  and  tear  «en» 
greatly  diminished ;  and  this  plan  of  apparatus,  although  retaining  to  MBM  extent  th^erHi 
the  former,  is  still  working  successfully  in  several  place*.    The  objection*  still  n*Baiata&tov**« 
are  the  number  of  bends  to  which  the  rope  is  subjected ;  and  Ron  the  grip  on  UM  JOpe^heag 
obtained  by  ita  forcing  itself  into  the  V-groovf  by  the  tension  put  upon  it,  iuttiM  wear  and 
result.    In  this  case  there  is  a  compound  purging,  for  from  tho  jwint  when  UM  rap*  in* 
the  drum,  the  pressure,  forcing  the  n-jH-  jnt<.tli<>  groove,  increase*  M  UM  ropr  pam  rowdl 
drum,  causing  the  rope  to  lie  deeper  in  the  groove,  whereby  it  virtually  loescn*  the  IfiMllii  «f  1 
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drum,  in  consequence  of  which  the  rope  must  keep  on  surging  endways  at  the  same  time  that  it 
sinks  deeper  into  the  groove.     Although  these  movements  are  so  small  as  to  be  imperceptible  to 
the  eye,  they  are  actually  taking  place  continually,  and  the  result  U  serious  wear  und  tear  from  the 
continuous  grinding  motion  over  the  whole  rope  in  succession. 
The  clip  drum  ia  shown  in  Figs.  67,  68,  69,  70,  71,  72,  73,  74. 


The  application  of  the  clip  drum  has  been  found  to  economize  the  motive  power,  and  to 
facilitate  the  required  movement. 

The  clip  drum  consists  of  a  series  of  jaws  or  clips,  A  and  B,  hinged  round  the  circumference  of 
the  drum  close  together  in  a  continuous  line,  forming  a  complete  groove,  in  which  the  rope  C 
works.  Each  pair  of  clips  in  succession,  as  it  passes  round  to  the  point  where  the  pressure  of  the 
rope  upon  the  drum  commences,  closes  and  seizes  hold  of  the  rope,  as  shown  in  Fig.  70,  and 
continues  to  grip  the  rope  throughout  the  half  revolution,  until  reaching  the  point  where  the  rope 
begins  to  leave  the  drum,  when  the  clips  fall  open,  as  shown  in  Fig.  71,  being  relieved  from  the 
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circumference,  BO  that  by  turning  the  ring  round  in  either  'direction 
centres  of  the  upper  and  lower  clips  is  aimultaneously  increaswl  or  d 


upon  the  tail  of  the  upper  clip,  so  that  the  clips  always  remain  open  until  n<>  iri*«th7aai 
the  rope,  and  they  fall  open  again,  and  release  the  rope  the  moment  the  msauui  b  wtt 
The  stop  H  on  the  upper  clip,  coming  in  contact  with  the  body  of  the  dnmipreTenU  uuetii 
falling  open  too  far.    Figs.  72,  73.  74.  show  the  bolt*  that  seire  as  keen  for  holdfawUM 
of  the  pins  on  which  the  clips  are  centred. 

The  action  of  the  clips  is  similar  to  the  closing  of  a  hand  upon  the  rope,  laying  hold  at  ant*  mo 
firmly  that  the  rope  cannot  slip,  and  retaining  this  hold  uniformly  until  'th«  rope  is  released 
altogether  by  the  opening  of  the  clips,  so  that  all  friction  or  surging  from  an  imperfect  h-M  u 
avoided,  as  well  as  any  shifting  of  the  rope  at  the  beginning  and  end  of  it*  contact  with  tin  drum 
such  as  is  inevitably  the  case  in  round  or  V-shaped  grooves  ;  at  the  name  time,  by  mean*  of  the 
ring  D,  on  which  the  lower  row  of  clips  are  centred,  the  hold  ii|«.n  tin-  n>|«e  can  be  adjusted  to  MIT 
desired  amount,  according  to  the  power  required  to  be  transmitted,  and  it  CM  be  absolutely 
depended  upon  when  once  adjusted  to  continue  working  uniformly  with  the  tune  IUBMM 
of  hold. 

An  important  practical  advantage  found  to  result  from  the  working  of  this  clip  drum  U  that 
the  rope  is  subjected  to  a  continual  pressure  upon  its  sides  whilst  ixu&ting  /nund  Hi.  •!- 
thus  avoiding  all  tendency  to  the  rope  of  being  flattened  by  the  pull.  M  in  an  ordinary  roanil 
bottomed  groove,  where  the  pressure  of  the  rope  is  upon  the  bottom  of  the  groove  only.  Abo  the 
groove  in  the  clips  being  so  curved  as  to  fit  the  rope  closely  round  a  considerable  portion  of  it* 
circumference,  the  pressure  preserves  the  form  of  the  rope,  and  serve*  to  consolidate  it  l  > 
continually  closing  down  all  protruding  wires,  and  preventing  the  deterioration  of  the  rope  by  such 
parts  being  caught  in  passing  the  subsequent  guide  pulleys.  In  the  working  of  thU  sppsrattu,  it 
will  be  seen,  from  Fig.  GO,  that  one-half  of  the  total  length  of  rope  is  never  in  contact  with  tb«- 
driving  drum,  the  other  half  alone  being  passed  round  it  backward*  ami  forwards  successively.  and. 
in  many  cases,  the  actual  result  has  been  that  the  portion  of  the  rope  which  psssrs  round  the  dram. 
and  has  all  the  work  to  do  of  transmitting  the  hauling  power,  has  lasted  longer  than  the  other 
portion  which  has  no  such  work  to  do,  but  is  simply  exposed  to  the  bend  round  the  pulley  of  the 
movable  anchor  on  the  opposite  headland,  the  friction  from  tin-  guide  pulleys  being  exactly 
the  same  in  both  cases.  Another  important  advantage  is  that  no  tension  is  require  1 
leaving  the  drum  ;  all  that  is  requisite  is  that  the  rope  be  taken  away,  and  not  allowea  In  kink 

It  may  be  remarked  that  these  advantages  of  the  clip  drum  render  it  specially  atlapted  tat 
use  in  other  positions  where  a  rope  is  the  medium  of  conveying  power,  and  the  saving  that  it  has 
effected  in  the  wear  and  tear  of  the  rope  employed  in  cultivation  has  been  fully  corroborated  by 
the  result  obtained  in  its  use  for  other  purposes. 

The  second  point  of  difficulty  for  consideration  is  the  continually  varying  position*  of  UM 
machinery  upon  the  ground  rendered  necessary  as  the  work  proceeds,  in  conseqnenoe  of  which  it 

admit  or  the  two 


is  necessary  for  some  means  to  be  provided  whereby  the  ropes  will 
points  being  moved  nearer  together  or  farther  a|*rt.  n*  the  varying  U 'titulary  of  UM  fields 
require.  With  a  pair  of  winding  drums  this  is  easily  effected,  by  not  allowing  the  unwinding 
drum  to  begin  by  giving  off  rope  until  the  rope  becomes  tight  in  each  ease.  For  this  purpose  a 
heavy  break  has  to  be  applied  to  the  paying-out  drum  to  save  the  rope  from  trailing  oa  the 
ground,  for  if  the  rope  is  not  kept  from  touching  the  ground  a  serious  loss  of  power  M  UM 
as  the  difference  in  draught  required  to  pull  a  rope  lying  on  UM  ground  and  <**P* 
carried  is  as  much  as  ten  to  one.  Hence  it  becomes  a  very  important  point  that  UM  ropt 
be  efficiently  carried  off  the  ground. 

Fi-rs.  75,  76,  show  the  enn-truetion  of  the  compensating  break  that  is  employed  when  a  pair 
of  winding  drums  are  used,  a 
JIM  the  work  proceeds.    The 
driving  shaft  C  by  the  clutch 

means  of  the  second  shaft,  F, _, , „  , 

drums  to  run  in  opposite  directions.     The  two  pinion  nhafU,  C  and  K.  »r»  UOWffTW  snadr  In  fwom 
at  slightly  different  speeds  by  the  two  OsMfa  pinion*,  (i  nnd   II.  lhat  gaar  tageUMT. 
different  nze.  the  pinion  II  IN-MII;  one-ninth  Mimller  than  the  other,  and  COBSaoisHlUy  UM  aayi 
out  dnnn  K  i»  compelled  to  revolve  one-ninth  clowi  r  thnn  the  winding-drum  A.     TsJsicaa«a« 
slack  in  the  rope  to  !*•  nil  taken  uj>  by  a  few  revolutions  of  the  drama,  and Ifwthrr  *tr»in 
rope  prevented  l>y  the  pinion  (i  l>uing  connected  to  its  shaft  by  a  fiiutma  lirsak,  •'•»*••* 
nllow,  .1  to  Hlip  on  the  shaft.     The  rope  is  thus  kept  constantly  stutohad  Ught  by  ttM  frtrt*.« 
tin' break  T.  , .  .__+_*  ^  . 

When  the  endless  rope  and  clip  drum  air  •  nipl-.yrd  for  work ing^ UM Jainli 
winding  drums,  a  very  ingenious  and  efficient  i>!nn  in  adopted,  whereby  UM  toft 
without  any  loss  of  power,  the  t«lack  of  rope  U  taken  up  or  more  rope  •  gitan  oil,  a* 
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require,  and  the  implement  cannot  be  started  until  the  rope  be  tight.  This  is  effected  by  means 
of  what  is  termed  the  slack  gear,  which  is  shown  in  Figs.  77,  78,  79,  80.  It  consists  of  two 
small  barrels,  A  and  B,  mounted  on  the  plough  and  connected  by  gearing  with  a  relative  speed 


of  five  to  one,  so  that  the  pulling  rope  C,  in  drawing  off  one  foot  length  of  rope  from  the  barrel  A, 
winds  up  5  ft.  of  the  slack  rope  D  on  the  other  barrel  B,  until  all  the  slack  is  taken  up.  The 
implement  then  starts  at  once,  when  the  rope  becomes  tight,  and  on  its  arrival  at  the  other  end  of 
the  field  the  act  of  the  man  taking  his  seat  at  the  other  end  of  the  implement  reverses  the  action 
of  the  barrels,  so  that  what  was  the  slack  rope  barrel  B,  becomes  the  pulling  one,  and  vice  versa. 
The  driving  of  the  barrels  A  and  B  is  effected  by  a  pitch-chain  E,  whioh  passes  over  a  wheel  F, 


77. 


2g  "  \-^ 

II   -'V 

/{ 

of  large  diameter,  on  tha  pulling-barrel  A,  and  over  another,  G,  of  one-fifth  the  diameter  on  tho 
slack  barrel  B,  a  second  chain  H  being  placed  on  the  opposite  side  of  the  barrels,  working  over  a 
pair  of  wheels  of  corresponding  sizes  to  the  former,  but  reversed  in  their  relative  positions.  The 
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self-acting  .evers  ana  clutches,  L  and  M.  are  ooth  kept  in  gear  by  snriaa.  bat 

gear  alternately  by  the  act  of  the  man  taking  his  seat  upon  the  seaTlCBS 

and  then  at  the  opposite  end  of  the  plough,  and  by  that  mean-  pulling  theTod  L 

action  is  thus  obtained  in  whichever  .lire,  ti,,,,  the  'impkim-nt  is  tnmllioe  one  of  tfc 

with  its  pair  of  driving  wheels  being  always  kept  in  gear  with  the  rope  bamb  waih 

is  out  of  gear.     An  advantage  arising  from  the  use  of  the  slack  gt»r  u  the  .hutiattv  tl 

afforded  to  the  rope,  should  the  progress  of  the  implement  be  obstructed  tr?  itac 

with  stones  or  roots  in  the  ground:   in  " 

margin  for  taking  up  further  slack,  which  __ 

the  implement  suddenly.    The  third  difficulty  10  oe  oaoauenu  to  1HM 

of  sufficient  strength  to  be  moved  about  over  the  ground  whore  no  roads 


This  has  been  a  serious  drawback  to  the  introduction  of  steam  cultivation,  and  OM  which  baa 
led  to  more  breakage  of  tackle  and  machinery  than  all  the  action  of  the  machinery  in  paitonaiag 
its  work  of  cultivation.  Two  causes  have  contributed  t<>  tin*  result,  namely,  a  muUitm  idsa  at 
first  prevailing,  that  lightness  was  an  essential  point,  which  led  to  |«ring  down  the  metal  in  all 
parts  of  the  machinery,  instead  of  making  the  machinery  ao  strong  that  it  could  not  be  broke*  by 
the  full  steam-power,  and  then  increasing  the  width  of  the  carrying-wheel*  to  Midi  aa  extent  as  to 
ensure  carrying  the  engine  over  the  heaviest  and  wettest  fields.  The  other  Bliataka  WM  that  thr 
speed  of  working  on  the  road-wheel  was  not  reduced  sufficiently  ao  aa  to  allow  the  engine  avaVieat 
leverage  to  get  out  of  any  difficulty  it  might  happen  to  get  into ;  and  the  want  of  judgment  on  UM 
part  of  the  men  using  these  machines,  oft.  n  M  t<>  th<  ir  l*'ing  imt  in  |>l»reaof  unnu'caary  diaV 
culty  The  first  of  these  mistakes  has  been  met  by  making  the  machinery  ao  strong  that  the 
steam  when  full  on  is  the  weakest  part  of  the  whole  machine.  This  has  naturally  ted  to  jrmt 
weight,  bet  that  is  no  real  obstacle,  provided  the  carrying  power  of  the  wheel*  it  iacrvaard  te 
proportion  to  the  increase  of  the  weight  to  be  carried.  In  fact,  the  weight  ia  aa  advaatan 
in  steadiness  fur  working,  so  long  as  the  machine  can  bo  kept  from  sinking  loo  araea  into  the 
ground. 

Carrying-wheels  are  now  being  made  for  special  purposes  M  much  aa  80  inches  wide  oa  UN 
rim,  as  shown  in  Figs.  81,  82,  where  the  dotted  lines  A  A  show  the  portion  that  is  added  to 


the  ordinary  20-inch  wheels  B  B,  and  theae  wheela  hare  been  prowl  to  eany  a  It-toa  rmrtoe  ow» 
any  Innd  in  u  tit  *tnte  of  riiltivuti..ii.    The  whwls  an  driven,  eaeh  •eparaU-lr.  by  BMM 
fri«'ti<.n-cli[)  c.  whii-h  prevents  any  rink  «(  breakage  from  exeeaHve  strain  of  dnvmf>  IM  ••Hi  I 

bt-ini;  ilrivi-n  l«y  the  pinion  mid  c|'tir-wheel  K. 

The  next  point  was  to  reduce  the  spw^l  on  the  driving  »hi>r|.  ttttV  gi»»  thaaytai 
leverage  to  get  out  of  any  difficulty:  and  f.-rthm  piir|»«p  t»..,li«T.  ntit  «ln»i«f  a»ei 
•2\  mil.  •*  |HT  liour  nn«l  the  othi-r  only  1  null-  prr  hour  f««r  travoDlMf,  Ww 


i** 

working  nt  its  full  Vj>ee<l  of  MO  revolutions  |«  r  nntmU.     la  Older  to  •—  -^ 
under  s|.e.  iiilly  difficult  circiunriancea  for  the  exertion  of  the  fall  tfaotip  powar^of 
additional   provision  has  been  made  of  tonpnrarily  fixing  tran»r»-m«  T  5T~" 
upon  the  rinm  of  the  wheel,.,  an  nhown  in  Kigm.  HI  an.1  MX.     With  rrcarf 
experirnce.  ,-on,l,in.-.l  with  tho  extra  work  canar.1  U.  them  by  gettian  teto'1 
of  gradually  reducing  the  difficulty  arming  from  »»nl  of 


.  bva^Mtaf 
judgment  oa  taotr  |^t 


a»  the 


28  AGRICULTURAL  IMPLEMENTS. 

Another  plan  for  meeting  the  difficulty  of  getting  such  heavy  machines  moved  about  has  been 
adopted  with  the  moat  satisfactory  results.  This  consists  in  combining  the  power  of  two  small- 
sized  engines,  as  shown  in  Fig.  83,  the  second  engine  being  worked  in  place  of  the  movable  anchor 


83. 
B 


* 


~ 


in  the  previous  plan  of  working  shown  in  Fig.  60.  Each  engine  is  provided  with  a  clip-drum, 
which  is  essential  to  carrying  out  this  system  of  cultivation ;  and  the  rope  is  worked  as  an  endless 
rope  between  the  two  engines  by  having  both  its  ends  attached  to  the  cultivating  implement.  Aa 
the  power  of  both  engines  is  applied  at  the  same  time  to  the  rope  in  each  direction,  the  heaviest 
class  of  operations  can  be  performed  by  them  ;  and  the  loss  of  power  in  working  the  rope  is  very 
much  lessened  by  the  fact  that  both  lines  of  rope  are  always  in  effective  tension,  and  are  thereby 
well  carried  with  half  the  number  of-  rope  porters.  Another  advantage  derived  from  the  adoption 
of  this  plan  is  that  the  engines  are  better  adapted  for  the  other  work  of  the  farm,  as  the  farmer 
has  then  two  engines  of  7  or  8  horse-power  instead  of  one  engine  of  10  or  14  horse-power ;  and  by 
having  two  of  them  a  regular  system  of  cartage  on  the  farm  can  be  carried  on,  the  engines  being 
specially  arranged  for  traction  purposes. 

In  Fig.  83,  A,  E,  are  the  engines ;  B,  B,  B,  D,  rope  porters ;  and  C,  the  plough. 

The  fourth  difficulty  to  be  surmounted  was  the  production  of  a  rope  of  sufficient  strength  and 
hardness,  combined  with  elasticity,  to  stand  the  required  work ;  and  this  was  a  very  serious  point. 
as  the  inability  to  accomplish  it  nearly  upset  at  one  time  the  profitable  employment  of  steam 
cultivation. 

The  first  rope  used  was  made  of  iron  wire  ;  but  it  was  worn  out  so  quickly,  not  doing  so  much 
as  200  acres,  that  it  soon  became  evident  such  material  would  not  stand  the  strain  and  friction 
attending  the  work ;  whilst  by  increasing  the  strength  of  the  rope  its  weight  was  so  much 
increased  as  to  consume  nearly  the  whole  engine-power  in  overcoming  its  friction.  These  diffi- 
culties became  so  serious,  that  great  exertions  were  made  to  get  a  rope  of  steel  sufficiently  hard  to 
stand  the  wear  of  trailing  on  the  ground  and  also  the  friction  caused  by  coming  in  contact  with 
the  numerous  pulleys  of  the  machinery  then  employed ;  and  in  1857  two  steel  ropes  were  applied 
which  answered  the  purpose  admirably,  and  performed  with  the  then  imperfect  machinery  upwards 
of  three  times  the  amount  of  work  that  was  done  by  the  first  iron  rope.  From  this  point  it  was 
established  undoubtedly  that  all  risk  of  the  difficulty  with  the  rope  causing  a  check  to  the 
application  of  steam  to  cultivation  was  now  safely  overcome,  the  introduction  of  the  steel  rope 
having  effectually  accomplished  the  object  in  view.  The  machinery  for  working  the  rope,  how- 
ever, required  great  improvement  and  alteration  before  getting  to  the  point  of  thorough  efficiency 
with  a  minimum  of  wear :  the  chief  objects  in  these  improvements  being  to  have  as  few  bends  aa  • 
possible,  and  those  bends  over  large  pulleys.  A  great  saving  in  the  wear  of  rope  has  also  been 
effected  by  the  improved  means  of  keeping  the  rope  tight,  preventing  it  from  dragging  upon  the 
ground.  From  time  to  time,  as  the  various  improvements  in  the  machinery  have  been  effected, 
the  increased  quantity  of  work  done  by  the  rope  before  being  worn  out  has  been  very  marked  ;  so 
that  the  cultivation  of  from  2000  to  4000  acres  can  now  be  accomplished  with  one  steel  rope,  the 
amount  varying  with  the  nature  of  the  soil  and  the  width  of  the  implement  used. 

Although  much  of  this  increase  of  duty  depends  upon  the  construction  of  the  machinery,  still 
a  great  part  of  the  success  is  to  be  attributed  to  the  superior  manufacture  of  the  steel  wire.  At 
first  tlie  steel  ropes,  although  much  superior  to  those  of  iron  wire,  were  very  irregular  in  their 
quality  and  durability,  often  varying  as  much  as  one-half  in  these  respects  ;  and  up  to  the  present 
day  steel  ropes  made  of  the  common  qualities  of  steel  wire  vary  in  their  quality  to  the  same 
extent.  After  a  series  of  careful  experiments,  combined  with  accurate  testing,  a  quality  of  wire 
has  now  been  produced  for  the  purpose,  which  can  be  obtained  of  complete  uniformity  in  tensile 
strength,  and  possessing  a  high  degree  of  hardness,  combined  with  the  requisite  flexibility  and  tough- 
ness for  working.  To  this  great  advance  in  the  manufacture  of  steel  wire  rope  is  to  be  attributed 
in  a  great  measure  the  present  success  of  steam  cultivation.  The  tensile  strength  of  this  wire  has 
been  increased  from  1500  Ibs.  to  in  some  cases  2400  Ibs.  for  No.  14  wire  gauge.  Steel  wire  of  the 
common  sort  has  indeed  been  made  to  attain  nearly  the  same  tensile  strength  ;  but  this  is  always 
accompanied  by  the  defect  of  brittleness,  which  is  a  fatal  defect  in  the  working  of  a  wire  rope.  If 
the  quality  of  steel  rope  should  continue  to  improve  at  the  same  rate  as  during  the  last  three 
years,  the  cost  of  wire  rope  will  be  reduced  to  an  unimportant  item  by  the  acre. 

At  the  commencement  of  steam  cultivation  the  iron  wire  rope  ran  a  mileage  of  not  over  750 
miles  before  being  worn  out,  costing  Is.  Id.  the  mile  of  running.  The  first  steel  rope  ran  1800  miles, 
costing  Is.  a-mile;  and  the  present  steel  ropes  are  running  on  an  average  9000  miles,  costing 
only  about  1\d.  a-mile,  running  with  a  tension  upon  them  of  about  25  cwt.,  and  this  notwith- 
standing that  the  price  of  rope  has  been  increased  from  GO/,  to  84/.  for  the  ordinary  length  of  rope 
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of  800  yards.  The  steel  rope  at  present  used  in  steam  cultivation  U  |4ths  inch  ^*"nHer,  and  weUka 
about  2  Ibs.  a-yard,  making  a  total  of  about  14  cwt.  for  the  length  of  800  yard*. 

The  fifth  class  of  difficulties  are  those  arising  from  variation*  in  the  state  of  the  soO  oanaed  by 
the  effects  of  the  weather. 

These  difficulties  have  been  principally  felt  in  wet  weather,  in  moving  the  engine,  end  al*o 
from  the  stickiness  of  some  land  when  in  a  half-wet  state,  which  i*  too  often  the  ««*HHfri>  of  the 
land  whilst  being  cultivated.  In  such  cases  all  the  tackle  would  become  literally  covered  with 
clay,  and  the  power  required  to  move  the  rope  and  the  machine  would  be  very  great  Thi*  diffl- 
culty  should  not  indeed  exist,  as  no  land  ought  to  be  touched  when  in  such  a  state :  bat  clay  land 
has  hitherto  been  very  often  worked  when  wet,  from  want  of  sufficient  force  to  get  all  the  work 
done  before  the  wet  sets  in,  and  also  from  the  inability  of  hones  to  perform  the  work  while  the 
land  is  in  a  dry  state.  As  an  illustration  may  be  taken  a  clay-land  field  ploughed  by  horeaa  while 
very  wet,  after  which,  if  the  next  year  be  dry,  it  will  be  literally  impossible  to  work  the  same 
ground  with  horses  until  some  rain  comes  to  soften  it,  aa  the  boner  shoulders  and  the  implement 
would  not  be  able  to  stand  such  jarring  work. 

With  steam-power,  however,  there  is  no  difficulty  in  working  the  land  in  the  driest  cnadttinB, 
which  is  the  proper  time  for  such  work  ;  and  if  this  is  strictly  attended  to,  it  will  never  get  into 
an  extremely  hard  state.  Supposing  the  clay  land  is  ploughed  wet  by  steam-power,  more  power 
will  be  expended  in  pulling  the  dirty  rope  and  the  sinking  plough  than  even  it  the  land  be  so  dry 
that  the  soil  breaks  up  into  large  pieces  of  as  much  aa  1  cwt.  each,  though  the  Utter  could  not  be 
the  case  but  for  the  wet-kneading  that  the  land  received  before  by  being  ploughed  wet  by  hones. 
If  the  farmer  were  only  to  keep  his  machine  off  the  land  in  wet  weather,  and  work  it  night  and  day 
in  dry  weather,  he  would  see  the  great  advantage  that  would  accrue  from  working  at  the  proper 
time.  In  fact,  the  principle  of  the  old  maxim,  "  Make  hay  while  the  sun  shine*,"  applies  to  colti- 
vation  of  the  land  as  well  as  to  the  making  of  hay. 

Another  system  of  steam  cultivation,  shown  in  Fig.  83,  has  been  adopted  to  meet  special  eir> 
cunistances,  by  the  use  of  two  large  engines,  each  of  which  is  MQtHti  with  »  winding  dram. 
instead  of  the  clip  drum  and  endless  rope  employed  with  the  light  engine*  in  the  plan  last  described. 
The  two  large  engines  are  placed  at  opposite  ends  of  the  field,  the  same  as  in  Fig.  88;  bat  they 
act  alternately  instead  of  in  combination,  one  pulling  the  plough  in  one  direction,  while  the  other 
moves  forward  into  position  for  the  return  bout,  and  vice  ttrtd. 


In  order  to  make  the  rope  coil  in  a  repUr  manner  upon 
arrangement  of  self-acting  wiling  gear  u  employed,  which 
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of  a  pair  of  guide  rollers  A  A,  between  which  the  rope  passes  when  coiling  on  or  off  the  large 
winding  drum  B.  These  guide  rollers  are  carried  at  the  end  of  an  arm  C,  which  is  centred  at  the 
other  end  upon  a  bracket  D  carried  loosely  upon  the  centre  spindle  E,  round  which  the  drum 
revolves.  The  arm  C  has  a  stud  fixed  in  it  at  F,  working  in  a  spiral  groove  G,  formed  on  the 
lower  part  of  the  spur  wheel  H,  which  also  turns  loosely  round  the  centre  spindle  E.  A  second 
spur  wheel  I  is  carried  close  above  the  wheel  H,  and  is  fixed  upon  the  upper  end  of  a  cylindrical 
casing  carried  up  from  the  bracket  D,  and  passing  through  the  wheel  H.  A  pinion  J  carried  by  a 
stud  fixed  in  the  winding  drum  B  gears  into  both  the  wheels  H  and  I,  but  the  upper  wheel  I  has 
one  more  tooth  than  the  lower  one  H ;  and  consequently  in  each  revolution  of  the  winding  drum 
the  pinion  J  being  also  carried  round  with  the  drum  causes  the  lower  wheel  H  to  be  advanced  one 
tooth,  the  upper  wheel  I  being  held  stationary  by  the  arm  C,  which  is  held  at  the  outer  end  by  the 
ti^ht-stretched  rope  passing  through  the  guide  rollers  A.  The  spiral  groove  G  is  thus  gradually 
turned  round,  and  acting  upon  the  stud  F  in  the  arm  C,  causes  this  arm  with  its  guide  rollers  A  to 
be  gradually  raised  and  lowered,  thereby  guiding  the  rope  from  top  to  bottom  of  the  drum  in 
regular  coils  whilst  it  is  being  wound  on  or  off  the  drum. 

The  purpose  for  which  this  system  of  working  with  two  large  engines  was  arranged  was  for 
travelling  about  and  doing  work  by  hire,  so  as  to  meet  the  requirements  of  those  who  have 
not  sufficient  land  or  capital  to  purchase  machinery  for  their  own  use.  The  plan  has  the 
advantage  of  requiring  no  fixing,  and  the  machines  are  ready  to  start  work  the  moment  they  get 
into  the  field  ;  and  as  soon  as  the  implement  stops,  the  ropes  are  in  their  places  and  the  machines 
ready  for  removal.  As  fields  of  all  shapes  are  met  with,  it  is  of  importance  that  the 
machines  should  be  of  such  a  character  that  no  loss  of  time  should  be  occasioned  by  the  manage- 
ment of  the  rope.  So  far  as  the  working  of  these  machines  goes,  it  is  entirely  satisfactory,  but  the 
first  drawback  to  the  adoption  of  this  plan  is  the  price.  Secondly,  there  is  the  difficulty  of  taking 
two  large  engines  about ;  and  from  the  fact  that  a  heavy  break  has  to  be  put  on  the  paying-out 
drum  in  order  to  keep  the  rope  tight,  considerable  power  is  lost.  But  still  the  time  saved  in  doing 
small  irregular  fields  more  than  counterbalances  those  disadvantages. 

The  traction  part  of  the  machinery  having  now  been  considered,  the  most  mechanical  means 
of  performing  steam  cultivation  has  to  be  referred  to. 

The  implements  hitherto  used  for  steam  cultivation  have  been  something  similar  to  those 
employed  with  horse-power ;  but  recently  a  system  has  been  arranged  for  throwing  up  the  land  in 
the  roughest  possible  way,  and  leaving  it  in  such  a  state  as  to  expose  the  largest  amount  of  surface 
to  be  acted  on  by  the  air,  which  is  the  only  truly  practical  way  of  dealing  with  heavy  land.  The 
development  of  different  classes  of  implements  will  always  be  going  on,  to  meet  different  varieties 
of  land,  and  the  various  operations  which  will  ultimately  be  required.  It  is  proposed  here  only  to 
refer  to  the  best  principle  of  loosening  the  land  for  the  purposes  of  cultivation,  looking  at  the 
question  entirely  from  a  mechanical  point  of  view. 

Cultivation  by  rotary  implements  has  been  much  advocated,  and  may  appear  at  the  first  glance 
the  right  means  of  applying  steam-power ;  but  when  the  nature  of  the  substance  to  be  dealt  witli 
is  considered,  this  plan  is  mechanically  wrong  in  the  way  of  operating  on  the  soil,  from  the  fact 
that  rotary  implements  must  necessarily  strike  on  the  top  of  the  hard  land,  thus  absorbing  a 
quantity  of  power  in  entering  the  hard  substance.  As  an  illustration  of  this,  reference  may  be 
made  to  the  method  adopted  in  breaking  up  a  macadamized  road  :  the  pick  is  used  so  as  to  lever 
the  material  upwards,  and  by  entering  it  underneath  the  hard  substance  the  latter  is  easily  broken 
up.  A  rotary  digger  must  however  be  used  in  the  contrary  way,  or  else  it  will  be  acting  against 
the  onward  motion  of  the  machine,  thereby  increasing  the  power  required  for  traction.  The 
difficulties  that  interfere  with  getting  such  a  machine  over  the  surface  of  the  land  have  also  to  be 
considered,  and  the  damage  done  to  the  land  by  the  transit  of  such  a  heavy  machine  over  the  soil 
to  be  cultivated  ;  and  these  objections,  with  the  serious  error  in  the  mode  of  applying  the  power, 
must  prevent  such  a  system  from  proving  practically  successful. 

The  cultivation  of  the  land  consists  merely  in  loosening  a  certain  quantity  of  soil,  and  what  has 
to  be  considered  is  how  to  loosen  the  greatest  quantity  with  the  smallest  amount  of  power.  In  all 
the  experiments  tried  by  Fowler  and  Greig  it  has  been  found  that  this  is  never  so  economically 
done  as  by  wedging  the  soil  off  to  a  loose  side,  and  entering  the  wedge  underneath,  where  the  soil 
is  softer.  Much  objection  has  been  raised  to  the  old  mode  of  working  with  the  plough  ;  but  it  is 
not  the  implement  that  is  at  fault  in  that  case,  but  the  power  that  is  defective ;  and  by  the  aid  of 
steam  that  implement  can  now  be  driven  at  such  a  pace  as  to  throw  the  land  sideways  in  a  manner 
quite  equal  to  the  effect  of  any  digging  by  hand.  The  great  point  requiring  attention  is  that  the 
tools  should  be  so  arranged  that  each  follows  its  neighbour,  taking  its  own  cut  and  wedging  off 
the  soil  to  a  loose  side.  If  this  is  done,  the  speed  of  2J  miles  per  hour  at  which  the  implement  is 
driven  will  throw  the  loosened  material  at  least  2  feet  clear  from  its  previous  position,  and  by  the 
rapid  motion  it  will  be  left  in  the  state  most  desirable  to  the  farmer,  and  in  the  best  possible  con- 
dition to  receive  the  action  of  the  atmosphere,  and  this  will  be  effected  with  the  least  amount  of 
power.  Few  implements  embody  this  principle ;  but  without  it  there  is  a  great  loss  of  power, 
which  is  accounted  for  by  the  fact, that  a  tyne  or  cutter,  in  making  its  way  through  the  solid 
ground,  always  takes  twice  the  power  to  draw  it  that  would  be  required  if  it  were  taking  its  cut 
close  to  where  another  cut  had  been  taken  before.  This  is  a  point  of  great  importance,  and  should 
never  be  lost  sight  of  in  the  construction  of  implements  for  heavy  work.  In  the  implements  for 
light  operations  it  is  by  no  means  so  necessary ;  but  still  the  principle  holds  good  to  a  certain 
extent,  and  should  be  attended  to  as  far  as  practicable. 

In  order  that  steam  cultivation  may  be  brought  to  the  greatest  perfection,  it  is  of  the  utmost 
importance  that  the  use  of  horses  in  cultivation  should  be  altogether  abandoned.  For  this  purpose 
a  number  of  implements  are  required,  adapted  to  get  over  a  large  breadth  of  land  in  a  day,  so  as 
to  do  the  very  light  operations  of  the  farm  and  exclude  horses  entirely  from  such  work,  as  their  use 
inevitably  increases  the  expense  of  after-operations,  besides  being  detrimental  to  the  land.  If  the 
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horses  on  a  farm  are  done  away  with  altogether,  or  as  far  as  practicable,  the  cartan  baa 
the  next  question  to  be  dealt  with;  and  before  steam  cultivation  Ukea  its  proper  pLveaTthel 
part  of  the  cartage  must  be  done  by  the  plough  ing-engines.  Considering,  however  that  to  I 
ploughing-engines  they  must  be  good  traction-engines,  there  is  nothing  to  • 
cartage  by  steam-power  but  the  want  of  good  roads  about  the  farm,  which  are  aa  essential  aafa 
a  highly  cultivated  farm,  whether  steam  cultivation  be  employed  or  not    The 
gained  in  the  use  of  the  traction-engine  is,  that  loads  can  be  conveyed  over  •   " 
at  an  expense  of  2</.  a-ton  the  mile ;  and  there  is  there(ore  no  doubt  that  the  u...  «. 
be  done  economically.    This  operation  will  require  some  time  to  develop  *•— T*  a*  the  vah  • 

conveying  the  materials  will  have  to  be  bought,  and  proper  roads  made  hi  every  dinattea  through 
the  farm,  before  steam  cartage  can  be  carried  on  conveniently ;  but  at  preseat  there  eaa  ben 
reason  why  all  corn  should  not  be  taken  to  market,  and  coals  and  so  forth  brought  l<*Hr,  by  steam- 
power.  At  the  time  this  was  written  Fowler  and  Uivig  had  no  doubt  thfft  before  tea  yean*  time 
two-thirds  of  the  cartage  of  the  farm  would  !*•  generally  done  by  «**«m.  and  ako  tlmt  the  railways 
would  be  fed  by  traction-engines,  ami  that  the*-  would"  become  quite  *««!wm  :  although,  through 
mistaken  ideas,  serious  attempts  had  1»  .-u  made  to  .-t.-j,  their  use  on  the  public  roads.  laie 
prediction  is  being  carried  out,  for  it  has  been  proved  that  a  10-horse  engine  will  convey  a  load  of 
20  tons  independent  of  itself  over  a  road  with  gradients  not  exceeding  1  in  15;  and  the  wear  end 
tear  is  very  slight  indeed  in  properly  constructed  traction-engines. 

In  order  properly  to  understand  the  advantages  of  steam  cultivation,  it  to  necessary  to  dnw  a 
contrast  between  steam-power  and  horse-power  as  applied  to  culttuttioti. 

In  the  case  of  horses,  the  utmost  available  force  which  can  possibly  be  brought  to  *tar  on  an 
implement  is  9  cwt.,  and  this  is  obtained  by  employing  six  bom-*,  or  two  more  than  can  work 
profitably  together  on  the  land.  The  practical  limit  of  draught  is  therefore  6  cwt,  as  hones 
cannot  give  off  the  same  amount  of  draught  in  the  field*  as  on  hard  roads.  Hence  with  a  team  of 
four  horses  giving  off  G  cwt.  total  draught  on  an  implement  which  acU  on  a  width  of  land  of  from 
10  to  12  inches,  the  utmost  total  power  lor  an  inch  in  \\  idth  of  the  soil  acted  upon  will  beooh 
At  the  same  time  the  resistance  will  be  very  much  increased  by  the  pressure  of  the  bones'  feet  in 
doing  the  work.  For  if  a  horse  be  taken  when  the  land  is  in  a  rather  phutic  state,  end 


across  the  track  of  the  steam-plough,  and  made  to  travel  to  and  fro  tran«v«  rm-Iy  on  evrry  10  incase 

•  cul'tirator  bat 


width  until  a  breadth  of  G  yards  is  trodden  over,  it  in  then  found  that  if  the 
just  sufficient  steam  to  perform  its  work  properly  before  it  arrive*  at  the  ground  so  trodden  down, 
it  will  be  completely  stopped  before  it  gets  through  the  G  yards ;  and  considering  the  momeataai 
of  the  flywheel,  this  experiment  shows  plainly  tlmt  the  power  required  is  something  very  mafaml, 
and  experience  shows  one-third  additional  draught  to  be  required  on  land  that  has  been  tinddsa 
down  to  the  same  extent  as  in  cultivation  by  home-power.  It  i«  clear  therefore  that  a  cooaidrraUe 


part  of  the  6  cwt.  draught  of  the  horses  is  expended  in  undoing  the  compression  canaid  by  their 
own  weight ;  and  as  the  4  tons'  weight  of  the  horses  themselves  must  be  lifted  up  and  down  all  the 
inequalities  of  the  ground,  there  is  only  a  very  small  portion  of  the  animal  force  left  to  be  ass- 
fully  exerted  upon  the  implement,  and  this  only  at  the  slow  speed  of  1|  mile  an  hour,  at  which 
the  horses  travel. 

But  with  steam  the  case  is  very  different :  a  draught  of  35  ewt.  is  available  upon  the  faapje 
mcnt,  giving  the  farmer  the  means  of  employing  a  force  of  from  70  Ibs.  to  880  Ibs.  to  each  men  la 
width  of  the  soil  moved.  And  considering  that  only  a  1  J-ton  load  is  passing  over  the  toad  instead 
of  4  tons,  much  less  force  is  employed  to  move  the  aame  measurement  of  sou. 

The  comparison  therefore  stands  thus :— With  horses  there  is  a  total  force  of  6  cwta..  with  the 
drawback  of  having  to  convey  4  tons  of  useless  load  over  the  toad  ;  while  with  steam-power  there 
is  a  total  force  of  35  cwt.  conveying  only  1 J  ton  of  useless  load.  The  result  of  iipsneaes  to,  the 
less  weight  carried  over  the  land  the  better ;  and 
the  force  they  exert,  is  considered,  and  also  the  number 

cannot  but  excite  surprise  that  such  an  unmechanical  mt 

The  number  of  footprints  1.  ft  l>>  i.-ur  horsrs  in  ploughing  a  12-iorh  furrow  to  abnve 
800,000  per  acre ;  whereas  the  steam-plough,  which  has  a  width  of  from  8  to  4  feet,  to  carried  ea 
two  wheels  6  inches  in  width. 

The  facts  that  have  been  stated  afford  a  good  reason  why  bones  should  be  kept  off  the  ground 


»  hen  the  great  weight  of  bones,  compmrrd  with 
number  of  footprints  left  by  them  an  aa  nan,  rt 
lical  means  of  cultivation  should  have  existed  so 


If  the  necessary  precautions  in  this  respect  are  but  strictly  followed,  a  cwsaplrto 
revolution  in  agriculture  would  soon  be  witnessed,  as  no  mechanical  means  of  pulwrutag  the 
land  is  re<|iiir«l,  and  leas  titan  one-half  the  number  of  operation*  at  present  aeeaawry  woeJe  be 
found  Hiillicieiit.  m 

Lund,  like  metal  in  a  furnace,  requires  the  greatest  attention  in  order  to  perfamt* 
operations  at  the  aame  time,  when  it  U  in  the  n-ht  state  for  their  bates;  eeVtod  thoroughly. 

~   *        is  oljtoet  from  the  waat  ef 


-.   r\-t.  in  of  management  i*  <-ntin  ly  ituwloiuate  to  etfcct  this  objast,  _ 
sufficient  'force  at  a  given  time.    In  some  yean  there  are  barely  two  awrthe  aaitoMe  • 
cultivation  of  the  season  :  that  in.  pm\i<te.|  the  greatest  juilgssaiittoMaMeMil.  ami  I 
totiehed  except  when  in  the  proper  iitnto  for  th««  purpose  of  cultivation.    Bat  with  eaaa  ssaaage- 
inent  an  is  here  recommended,  the  wnlt  will  be  always  an  adequate  etop. 

The  adviintagneof  steam  cultivation  having  now  been  descrtl").  •«*•!  it*  gndai 
during  the  jiast  few  years  having  been  traced,  together  with  the  various  sjatoM  a»atoyea 

i  in  conclusion  to  enumerate  waVl  may  becooeidered  a« the  prtnHpal  pofarts  whJ 
t>  the  pnxliictiMii  of  ginxl  Htcam-cultivating  machinery,  snfara*rriranl«itsB»«*banWi»lai 

First,  a  sufhciently  powerful  engine  with  a  wido  bearing  »urfa*v,  and  r4eaty  of  Mrvetage  I 
itself  out  of  diilicult  situation)!,  and  of  simple  conatraetion  in  all  it*  parU. 

8econ<l,  a  hauling  apparatus  with  a  drum  of  large  dauaetor,  and  «n  •••••• 

rope  as  seldom  as  possible  ami  with  tho  drum  placed  boruonUlly  on  a  vartkal  aals.  so  a 
the  rope  to  work  in  any  direction  without  requiring  gakle  pulkym. 
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Third,  a  direct  pull  upon  the  implement,  with  ns  short  a  length  of  rope  as  possible,  and  that  of 
good  quality,  light,  hard,  tough,  and  flexible. 

Fourth,  an  arrangement  for  keeping  the  rope  tight,  so  as  to  carry  it  clear  of  the  ground  and 
avoid  loss  by  friction. 

Fifth,  an  implement  in  which  the  shares  or  tynes  follow  each  other  consecutively,  wedging  off 
the  soil  to  a  loose  side. 

Lastly,  as  small  an  amount  of  manual  labour  as  practicable. 

AGRICULTURAL  ENGINES.  FB.,  Machines  a  vapeur  locomobiles  applique'es  a  ('agriculture  ; 
GER.,  Uampfmaschinen  verwendet  zu  landwirthschaftlichen  Zwecken ;  ITAL.,  Macchine  a  vapore  agricole ; 
SPAN.,  Maquinaria  agrfcola. 

The  portable  agricultural  steam  engine  of  Holmes  and  Sons,  of  Norwich,  is  shown  in  Fig.  86. 
The  construction  of  this  engine  is  simple ;  the  working  parts  being  all  outside,  the  whole  can  be 


adjusted  readily.  It  is  fitted  with  a  cranked  shaft,  so  that  a  wheel  or  driving  drum  can  be  fixed 
at  either  side.  It  has  a  governor,  of  simple  form,  having  few  parts,  which  works  with  precision. 
Every  part  of  the  engine  is  of  great  strength,  wrought  iron  being  used  where  practicable.  The 
piston-rod,  pins,  and  small  parts  are  made  of  steel.  All  the  brass  bearings  are  wide  and  easy  to 
adjust.  The  feed-pump  is  fitted  so  as  to  prevent  any  liability  of  accident  in  frosty  weather,  and  in 
such  a  manner  that  it  cannot  easily  get  out  of  order.  The  boiler  is  of  sufficient  capacity,  and 
capable  of  doing  heavy  work  without  priming.  The  cylinder  is  large,  with  14-inch  stroke. 

The  engine  of  Ransomes  and  Sims,  Fig.  87,  is  specially  designed  and  constructed  to  economize 
fuel  and  to  regulate  its  consumption  according  to  the  power  required.  It  has  a  feed  water-heater, 
or  reservoir  placed  in  the  smoke-box  of  the  engine,  in  which  the  water  is  heated  by  the  exhaust 
steam  and  hot  air  passing  from  the  fire-box  to  the  chimney.  A  double  feed-pump  is  in  connection 
with  this  heater  by  means  of  pipes  shown  on  the  side  of  the  engine.  One  pump  draws  the  cold 
water  from  the  supply  tank  and  discharges  it  into  the  heater.  The  other  is  supplied  with 
hot  water  from  the  heater,  and  forces  it  into  the  boiler.  The  slide-valve  is  on  the  gridiron 
principle,  and  the  pressure  of  the  steam  is  removed  from  the  back  of  the  valve  by  means  of 
metallic  equilibrium  relief-rings  kept  up  to  the  faces  of  the  slide-case  cover  by  means  of  spiral 
springs ;  these  valves  are  found  to  be  as  easily  moved  when  the  steam  is  on  as  when  it  is  off.  The 
cut-off,  or  expansion- valve,  is  worked  by  a  movable  eccentric.  The  adjustment  of  this  eccentric  is 
very  simple ;  it  is  held  in  its  place  by  a  nut  screwed  to  a  bolt  fixed  to  the  fast  eccentric,  under 
which  is  placed  a  pointer,  which  slides  on  a  plate  graduated  with  the  various  grades  of  expansion, 
and  fixed  to  the  other  eccentric,  and  the  engine-driver  has  only  to  adjust  the  loose  eccentric  until 
the  pointer  reads  the  mark  in  the  grade  which  corresponds  with  the  point  at  which  the  steam  is 
cut  off  in  the  stroke  of  the  piston.  The  general  construction  of  the  engine  is  very  strong.  The 
average  consumption  of  fuel  is  about  3  •  5  Ibs.  of  ordinary  coal  an  hour. 

Clayton,  Shuttleworth,  and  Co.'s  Portable  Steam  Engine. — This  engine,  Fig.  88,  in  its  construction 
presents  a  method  of  heating  the  exterior  surfaces  of  the  cylinder  and  steam  chest.  The  cylinder 
is  placed  in  the  smoke-box  surrounded  by  a  jacket  forming  an  annular  space,  which,  being  filled 
with  steam,  heats  the  cylinder,  and,  at  the  same  time,  protects  it  from  the  injury  that  would  be 
caused  by  direct  contact  with  the  heated  gas.  By  this  arrangement  condensation  and  radiation 
are  prevented. 

There  has  been  a  great  objection  to  placing  the  cylinder  and  steam  chest  in  the  interior  of  tho 
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boiler,  as  it  rendered  the  engine  more  difficult  to  examine  and  repair ;   but  in  the 
notice  this  has  been  obviated  by  leaving  both  end*  of  the  cylinder  and  (team  chert 


'   : 
to 


covers  can  be  removed,  and  the  piston  and  slide-valve  cleaned  or  adjusted  a*  expeditiooaly  M  to 
an  outside  cylinder  engine.    This  engine  in  also  made  to  reverse.     See  ExoutBt,  miritHm  of. 

\\'»r/;x  nj-fu-rt-'iiiing  to  this  sitliject  :  — 

'  The  Implements  of  Agriculture,'  by  J.  A.  Ransome,  royal  STO,  1843. 

'  The  Farm  Engineer,  a  Treatise  on  Barn  Machinery,'  by  B.  Ritchie,  royal  Sro, 
1849. 

'Agricultural  Knu'itKi  ring,'  by  G.  H.  Andrews,  12no,  1852-3. 

'  On  Steam  Cultivation,'  by  John  Fowler,  jun.    Proceedings  Inst  Mechanical 
KiiL'int'ers,  1857. 

'  The  Book  of  Fn  rm  1  i  nploments,'  •*- 

by  James  Hli^ht  and  It.  8.  Burn, 
royal  8vo,  I 

'•'Hi.-  Oili.-ii.l  Illustrated  Cata- 

iiil>itiiin  of  18C2,' 

Hritir-ii   S«-tii>n,   '2,   vols.,   imperial 

4  On  the  Application  of  Steam 

r<i\s.T    to     A_-ii'-i;lfir.  .'    fv    John 
Fowl.-r  :iinl  l».  (-r-i.'.    Proceedings 
In-t   M'M'Jmnirul  I  M.-itifcm,  1865. 
mi  Cnltivution,'   Engineer- 

!.  iv.,  l>t;7. 

'  Ktmli-s  .-iir  rKxj»..-iti<iii,'  1867. 
Lacrnix,  I'nri.-*,  \^ 

•On  St.  inn  CiiHivnti'-n.'  by 
l'.:il.  !.-.!•>  I  .iitlmiii.  'I'nui-ji.-tioDS  of 
tin-  s«-i.  ty  nf  Englnei  i  .  is«8. 

' 


'  Otlirit'  1  l.T.  \ll-.-t-  II 

-','egeben    durch     dax     K  K 
(Wtenekhisohe    tv-ntral  -  Comitt.' 
Vii-nnn.  1HG8. 

AH  II  >  METAL.     Fn.. 

ITAI.., 


Lega  d'Ai>-/>  :  SI-ANM  Metal  de  Aick.    See  ALLOT*. 
AM:  BBIi  K     ft- Briy* «r*m i 


PAAn  nir-brick^  Tbrick  of  the  ordinary  size,  mftlc  of  oartbenwmra,  MH  toto  U»  *•!••  «•*  • 
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building,  but  perforated,  Fig.  89,  to  admit  air  under  the  floors  or  into  the  rooms.  It  is  sometimes 
made  of  cast  iron,  with  a  slide  worked  by  a  small  knob,  Fig.  90,  to  enable  the  openings  to  be  closed 
if  required. 


AIR-GRATING  is  similar  to  an  air-brick,  but  of  larger  size  and  of  less  thickness  in  proportion  to  its 
other  dimensions.    It  is  used  as  in  the  case  of  the  air-brick,  to  admit  air  to  the  interior  of  buildin"8. 
AIR-CHAMBER.     FR.,  Chopinctte,  tracliec,  reservoir  (fair  ;  GEB.,  Windkessel,  Windraum ;  ITAL., 
Serbatoio  tFaria  ;  SPAN.,  Cdmara  de  aire. 

A  cavity  containing  air  to  act  as  a  spring  for  equalizing  the  flow  of  a  liquid  in  pumps  and  other 
hydraulic  machines. 

Fig.  91  is  a  section  of  a  locomotive  feed-pump  ;  the  water  is  drawn  in  by  the  action  of  the  plunger 
in  the  barrel  A,  through  the  feed-pipe  B,  and  valves  E,  which  rest  on  their  seats  F,  and  held  in  place 
by  the  cages  G ;  the  water  entering  the  air-chamber  D,  in 
the  top  of  which  the  air  is  compressed,  forcing  the  water 
out  of  the  delivery-pipe  C  beyond  its  middle  position  when 
the  piston  is  at  the  end  of  its  stroke.  The  feed-pumps 
of  American  locomotives  are  supplied  with  air-chambers 
d.  rf,  on  the  suction  side,  as  well  as  D,  D,  for  the  delivery. 
This  pump  was  invented  by  Walter  McQueen,  an 
American  engineer.  The  elastic  force  of  the  cushions 
D,  d,  of  condensed  air  in  the  air-chambers,  relieves  the 
pipes,  valves,  and  joints  from  sudden  shocks ;  besides, 
the  action  of  the  air  by  its  alternate  compression  and 
expansion  secures  a  steady  supply  of  water  to  the  boiler. 
The  barrel  of  the  pump  is  generally  of  brass,  the  plunger, 
working  in  the  pipe  A,  a  solid  bar  of  iron.  The  valves 
are  of  the  cup  form,  Fig.  91.  The  rise  of  the  valves  is 
seldom  more  than  £th  of  an  incli ;  and  sometimes,  while 
the  rise  of  the  inlet- valve  is  restricted  to  Jth  of  an  inch, 
the  delivery-valve  rises  only  T3ff  in.  and  the  cheek-valve  i. 
If  a  plunger  P,  Fig.  92,  working  in  a  pipe  P  A  B, 
5J  inches  in  diameter,  forces  the  water  a  b  g  h,  9  inches 
from  a  to  </,  into  a  smaller  pipe  h  f,  in  a  second,  the  same 

quantity    of    water    passes 

through  the  smaller  pipe  in 

the  same  time,  but  with  an 

increased  velocity.    A  head 

of  water  H,  giving  the  same 

pressure  as  the  plunger  P, 

would  have  the  same  effect. 

Let  E  F  =  3  inches  at  the 

narrowest  part  of  the  small 
then   the  velocity  of 


pipe, 


the  water  at  E  F  will  be  30 '25  inches  a  second,  while 
at  A  B  in  the  larger  pipe  the  velocity  is  only  9  inches  a 


second ;   for 


(5-5)2_x  9 


weight  of  a  column  of  water  which  produces  the  pressure 
P,  which  may  be  supposed  constant,  and  put  t  for  the  time 

W        W 
of  its  operation,  long  or  short,  and  m  =  —  =  Go7**  •  w^ence 

P  t  =  m  v,  v  being  the  velocity,  therefore  P  =  -r-  v.    This 

expression  shows  that  the  effort  required  to  impart  or 
destroy  a  quantity  of  motion  m  v  is  so  much  the  greater  as  the  time  employed  is  less :  and  since  the 
reciprocal  action  of  bodies  is  more  rapid  compared  to  the  spaces  described,  their  compressions,  flexures, 
and  penetrations  are  less  for  the  same  quantity  of  motion  destroyed. 

We  have  here  explained  why  the  shock  of  hard  bodies,  the  transmission  or  destruction  by  bodies 
slightly  flexible,  compressible,  or  extensible,  occasion  such  great  efforts  and  such  ruptures  and  acci- 
dents ;  and  how  it  is,  on  the  other  hand,  by  the  interposition  of  soft  and  compressible  bodies,  that 
the  intensity  of  efforts  and  their  consequences  are  so  much  diminished.  We  may  see  by  the  expres- 
sion P  =  -r-  v  that  a  finite  velocity  could  never  impart  in  an  infinitely  small  time  to  a  massm.  except 
by  an  infinite  effort,  which  shows  the  error  in  the  hypothesis  of  the  instantaneous  transmission  of 
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motion  by  forces,  to  which  we  are  then  compelled  to  give  a  special  name,  ami  thus  cnppaa*  a  ^tftkl 

nature  in  calling  them  forces  of  percussiun.     This  error  in  often  too  explicitly  admitted  ia  the 

teachings  of  rational  mechanics.     Nothing  like  an  in.>tantane,iu*  oj. 

quantities  of  motion  are  imparted  and  destroyed  in  greater  or  le-- 

deed,  imperceptible  to  our  senses  and  means  of  observation,  but  n.  ver  iniftnntart^^tf 

Suppose  the  force  acting  on  the  plunger  to  be  }s-:s  il,-. ,,.,  tlie  square  inch,  and  that  it  u  rtnuiml 
to  find  the  pressure  acting  on  a  valve  at  ef,  which  vaheojx  iw  Jthsof  an  inch  again**  the  «Hfrn 

a  spring ;  then  ^^  =  -^  =  m ;  we  have  before  shown  that  the  velocity  of  the  water  in  the  email 

30  '**5 
pipeE/=  30  •  25  inches  a  second,  =  —.-.J-  feet  a  second;  whence  the  fair*  a«4fag  tg\  ^mfa  m*~r*  hftmf 

the  valve  will  be —  3      242      30-25 

?-x-7-  =~nr  =  130>7lbB- 

&      t        i  _ 

for  the  time  the  water  in  the  small  pipe  is  moving  over  —  in.=  _-  ft.  =  — -3  •eraoda.  When  the 

'J    !  -' 

spring  at  <?/,  or  the  pressure  of  the  water  and  steam  in  a  l>oiler,  IM -comes  too  great  to  be  i 
by  the  action  of  the  plunger  P,  the  air  in  the  air-ehamhcr  I '.  I        .-!.  by  l«-ing 
servates  the  balance  of  the  force  of  the  water  passing  through  the  •Mllptpe,  nnd  <!.  \\ven 
concentrated  force  when  the  plunger  injects  more  water,     (an-  .-l.-ul-l  U-  t«k«  n  m  making  me  of 
what  is  here  termed  the  quantity  of  motion  or  momentum,  for  when  wo  know  the  | 
mass  m,  of  a  body,  and  the  velocity  imparted  to,  or  taken  from  it.  w<-  >m\c  the  im-aenreof  efjhrt  pto- 
(luced  by  the  force  during  the  period  of  action  ;  but  we  sec  that  this  men.- tire  cannot  be  tak< 
term  of  comparison  except  for  analogous  cases,  where  the  velocities  are  n-ally  impartf<d  ordestnmd 
by  force;  and  it  does  not  follow  that  the  product  P  r,  of  the  force,  by  it-  |«  n.-l  ••!' u 
there  is  a  change  of  motion,  to  the  quantity  of  motion  braaitafl  or  d-  -u.  \"h.  ohuuld  always  carve 
as  a  measure  of  the  effort  of  forces,  as  is  sometimes  admitted  for  certain  in-truinrnU  and  eartata 
kinds  of  work.      It  is  often  seen  that  an  effort  may  continue  a  long  time  without  producing  ft 
mechanical  effect.     Thus,  horses  pulling  upon  a  mired  wairu'on.  with-'iit  Marling 
derable  efforts,  which  multiplied  by  the  peril*!  of  their  action  \w>uld  ni\n 
without  any  useful  effort  resulting  in  any  mechanical  work,  ami  nothing  but  futiiroeand  t-xhaoMioB 
of  the  horses.     Take,  for  example,  the  draught  of  a  plough,  which  in  .-tr.-n-  earth  require*  a  nran 
total  force  of  794  Ibs.    Suppose  the  furrow  to  be  400  (Vet  |on-_'.  the  boraea  in  one  take  100",  and  in 
the  other  200"  to  plough  it.     We  shall  have  in  the  first  case,  P*  =7'.'l  •  I""       T'.M'HJ;  and  in  the 
second,  P  t  =  794  x  200"=  158,800 ;  and  yet  in  both  cases  they  have  accotnplixhitl  the  nun*  work. 
An  instrument  giving  the  product  of  efforts  by  the  times  or  [M-rimls  of  duration  would  bynoi 
lead  to  an  exact  appreciation  of  the  mechanical  effects  produced.   The  truo  measure  of  thee»< 
_  is  thn   product   of  the  effort  exerted    br  the 

described  in  its  duration,  which  u  usually 
in  tnn'rs  of 'work. 

It  should  be  furt  h-  r  ohernred  that  it  U  only  in  the 
CM.-.-  <.|  u  r,  •  -taut  ell'urt  acting  during  a  time  : 
that  we  can  take  the  |>r>.lu--t    .  .•  for  the  meanre  of  the 
effort  K;  W  lM-ing  put  for  this  weight,  we  ba»»— 

\S' 
F  =  m  e  =  —  P,  or  the  pro]inrtion,  F  :  W  : :  tig. 

g 

But  in  cases  of  vnrinblo  effort*  the  auae  node  of 
m- a-ureiiiciit  diH-H  not  app!  -itr* 

varying  iicc-.r.liii-  t->  \.-r>  :  «w«  may  in  the 

time    impart  equal   . 

same  IH.IV.  or  to  iliffer.  nt  U-li- «.  The  formula  P  »  •  • 
will  «iily*^ivc  then  the  value  of  a  mnm  constant  pftirt, 
capable' of  im|«trting  in  the  aune  time  the  mm* 
quantity  "f  mot 


near  the  end  of  tim  air-olmiuU-r 


I        1*3  reprreraU  a  rimple  form  of  the  atlfHMHine 
Mootgo&r.     TUe  iUnrtmtkw  u 


merely  drawn  for  the  purnoM  of  explaining  the  onati 

tioli  of  the  nir  in  tli--  nirH-h:»iii»»  r      'I  li-    : 

deacewUi  ftwn  a  ipring  or  brt«>k  A,  thraogh  the  p4p*  B. 


which  aro  attached,  aa  ahown  in  the  figure 
eloBed   i,v  „  valve    K.     Thi-  valv,-  o,--n»  down wanU,  and  ma; 
eommon '.pindle   valve,   as  M...WI.    in  ti  the  pUy  of 

nmchino  «.lf-iic-ting.     To  accompli,!,   tin*,  the  valve  tol Bade  of.« 
just  to  open  when  the  water  B  is  at  rest,  that  is,  it  mart  be  wo  he»»y  M 
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against  its  under-side  when  closed,  as  represented  in  Fig.  93.  Now  supposing  this  valve  open, 
the  water  flowing  through  B  soon  acquires  an  additional  force  that  carries  up  the  valve  against  its 
seat ;  then  a  portion  of  the  water  will  enter  the  air-chamber  D  and  rise  in  F,  the  valve  of  the 
air-chamber  preventing  its  return.  When  this  has  taken  place,  the  water  in  B  has  been  brought 
to  rest,  and  as  in  that  state  its  pressure  is  not  quite  sufficient  to  sustain  the  weight  of  the  valve, 
E  opens,  descends ;  the  water  in  B  is  again  put  in  motion,  when  its  whole  pressure  begins  to  act, 
and  again  closes  E,  as  before,  when  another  portion  is  driven  into  the  air-vessel  D,  and  pipe  F ; 
and  thus  the  operation  is  continued,  as  long  as  the  spring  affords  a  sufficient  supply  and  the 
apparatus  remains  in  order.  The  pressure  which  closes  the  valve  E  is  that  due  to  the  short  range 
of  the  valve  and  the  increased  velocity  acquired  by  the  water  in  passing  from  a  large  to  a  smaller 
pipe.  The  surface  of  the  water  in  the  spring  or  source  should  always  be  kept  at  the  same 
elevation,  so  that  its  pressure  against  the  valve  E  may  always  be  uniform,  otherwise  the  weight  of 
E  would  have  to  be  altered  as  the  surface  of  the  spring  rose  and  fell. 

This  ingenious  machine  may  be  adapted  to  numerous  localities  in  every  country ;  but  when 
the  perpendicular  fall  from  the  source  to  the  valve  E  is  but  a  few  feet,  and  the  water  is  required 
to  be  raised  to  a  considerable  height  through  F,  then  the  length  of  the  ram  or  pipe  B  must  be 
increased,  and  to  such  an  extent  that  the  water  in  it  is  not  forced  back  into  the  spring  when  E 
closes,  which  will  always  be  the  case  if  B  is  not  of  sufficient  length.  If  a  ram  of  large  dimen- 
sions, and  made  like  Fig.  93,  be  used  to  raise  water  to  a  great  elevation,  it  would  be  subject  to 
an  inconvenience  that  would  soon  destroy  the  beneficial  effect  of  the  air-chamber  D.  For  if  air  be 
subjected  to  great  pressure  in  contact  with  water,  it  in  time  becomes 
incorporated  with  or  absorbed  by  the  latter.  This  sometimes  occurs 
in  water-rams  like  this,  for  when  used  they  are  incessantly  at  work 
both  day  and  night.  To  remedy  this,  Montgolfier  ingeniously 
adapted  a  very  small  valve,  opening  inwards  to  the  pipe  beneath 
the  air-chamber,  and  which  was  opened  and  shut  by  the  ordinary 
action  of  the  machine.  Thus,  when  the  flow  of  the  water  through 
B  is  suddenly  stopped  by  the  valve  E,  a  partial  vacuum  is  produced 
immediately  below  the  air-chamber  D  by  the  recoil  of  the  water,  at 
which  instant  the  small  valve  opens,  and  a  portion  of  air  enters  and 
supplies  that  which  the  water  absorbs.  Sometimes  this  Snifting- 
valve,  as  it  has  been  named,  is  adapted  to  another  chamber  imme- 
diately below  that  which  forms  the  air-chamber,  as  at  G.  In  small 
rams  a  sufficient  supply  of  air  is  found  to  enter  at  the  valve  E. 
The  compressed  air  in  D  not  only  conservates  the  work  expended  in 
raising  the  water  to  H,  but  also  the  work  required  to  overcome  the 
friction  of  the  water  in  the  pipe  F  H  ;  and  consequently  the  air  in 
the  air-chamber  has  the  power  to  close  the  valve  K  when  the  water 
at  H  begins  to  return. 

P.  H.  Vander  Weyde  has  invented  a  second  air-chamber,  Fig.  94, 
to  be  attached  to  the  induction-pipe,  which  has  a  small  opening  by 
which  air  is  admitted  from  without.  By  the  operation  of  the 
pumps,  air  is  gradually  withdrawn  from  this  chamber  and  conducted 
to  the  principal  air-chamber  attached  to  the  delivery-pipe. 

H  and  F  are  air-chambers,  P  and  N  valves,  and  E  and  G  stop- 
cocks, all  arranged  so  as  to  supply  the  constant  loss  of  air  taking 
place  in  air-chambers.  See  HYDRAULICS.  PUMPS. 

AIR-DRAIN.     FB.,  Conduit  d'air  ;  GEE.,  Luftkanal;  ITAL.,  Condotto  d1  aria  ;  SPAN.,  Alcantarilla 
para  la  conduction  de  aire, 

A  cavity  in  the  external  walls  of  a  building,  to  prevent  dampness,  is  called  an  air-drain. 

AIR-ENGINE.  HEATED-AIR  ENGINE. 

AIR-ENGINE.      FB.,  Machine  a  95. 

air  chaud ;  GER.,  Atmospharische  Ma- 
schine ;  ITAL.,  Macchina  ad  aria  calda  ; 
SPAN.,  Mdquina  de  aire. 

The  engine,  Figs.  95,  96,  97,  98, 
invented  by  Philander  Shaw,  works 
with  heated  air  in  a  close  combustion 
chamber,  where  it  comes  in  direct  con- 
tact with  the  fuel,  and  is  mixed  with 
the  gaseous  products  of  combustion. 
The  air  and  gases  pass  through  the 
engine,  and  effect  its  movement,  part 
of  the  power  being  made  use  of  to 
pump  fresh  cold  air  into  the  com- 
bustion chamber.  There  is  no  special 
air-pump  provided  for  this  purpose,  as 
the  cylinder  is  made  single-acting,  and 
the  piston  has  a  large  trunk  which 
forms  an  annular  space  in  the  cylinder, 
and  the  latter  is  made  use  of  to  act  as 
the  air-pump.  This  arrangement  has  the  advantage  of  keeping  the  cylinder  cool,  since  part  of  its 
surface  is  always  in  contact  with  cold  air.  There  are  two  cylinders  having  their  pistons  connected 
together  by  a  beam,  so  as  to  form  conjointly  a  double-acting  engine,  each  single-acting  cylinder 
acting  during  the  return  stroke  of  the  other.  The  two  cylinders  A,  A,  Fig.  97,  and  their  arrange- 
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bricks,  and  prevents  the  outer  row  be- 
coming very  hot  and  wasting  heat  by 
radiation.  The  piston  B,  Fig.  96, 
carries  the  trunk  B',  which  leaves  the 
annular  space  D  to  act  as  an  air-pump, 
the  valves  E  and  F  regulating  the 
inlet  of  the  cold  air  in  the  down-stroke, 
and  its  outlet  into  the  combustion 
chamber  during  the  up-stroke.  There 
is  a  regenerator  or  air-heater  interposed 
between  the  air-pump  and  the  com- 
bustion chamber  ;  this  is  shown  at  K, 
Fig.  98  ;  it  consists  of  a  series  of  ver- 
tical pipes,  through  which  the  exhaust 
air  from  the  engine  passes  up  a  chim- 
ney. The  waste  heat  of  this  air  is 
utilized  in  the  regenerator  by  being 
partly  taken  up  by  the  cold  air  passing 
outside  the  tubes  and  arriving  at  the 
combustion  chamber  at  a  higher  tem- 
perature. The  fire-door  is  at  the 
top  of  the  chamber,  which  is  provided 
with  a  dome  a,  Fig.  96.  The  grate  is 
slightly  inclined  towards  the  ash-door 
/.  All  these  doors  are  carefully  closed 
during  the  working  of  the  engine,  aa 
the  pressure  within  would  be  reduced 
by  leakage.  The  valves  are  worked 
by  cams  and  levers,  and  no  special 
arrangements  are  required,  in  working 
this  engine,  to  keep  the  cylinder  cool. 

By  another  arrangement,  which  we 
illustrate  in  the  annexed  engravings, 
Figs.  99,  100,  101,  the  upper  end  of 
the  cylinder  a,  Figs.  99,  100,  is  made 
of  such  capacity  that  when  the  piston 
6  reaches  the  top  of  the  stroke  at  c,  a 
space  d  may  be  left,  hi  which  the  por- 
tion of  air  not  required  may  be  com- 
pressed, and,  consequently,  will  not 
enter  the  furnace,  and,  by  its  subse- 
quent expansion,  will  assist  the  down- 
stroke  of  the  piston.  This  space  may 
be  formed  between  the  piston  and 
cylinder  lid,  or  the  air  may  be  com- 
pressed in  a  side  passage  or  reservoir. 
In  these  engines  Wenham  prefers 
carrying  the  crank  shaft  e,  in  bearings 
bolted  to  the  top  of  the  flange  of  the 
cylinder,  and  working  the  crank  by 
a  return  connecting  rod  /,  with  the 
guides  g,  from  the  piston-rods  above, 
similar  in  form  to  that  known  aa  a 
steeple  engine  ;  in  other  respects,  aa  in 
the  furnace  and  valve  arrangements, 
the  parts  are  substantially  the  same 
as  in  most  hot-air  engines,  constructed 
by  others  as  well  as  Wenham.  In  the 
enigne,  Figs.  99,  100,  however,  Wen- 
ham  places  a  disc  of  fire-clay  above 
tho  furnace,  aa  shown  at  A,  Pig.  99; 
this  is  supported  on  tho  rim  of  the  fire-pan,  and  has  a  central  bole,  equal  In  MM" 
of  the  fuel  hopper  /,  which  touches  the  din,  and  the  bottom  edge  Is  thus  piutufcril 
heat  of  the  fire.  Around  tho  disc  are  a  series  of  perforations,  J,  •botrn  in  i-Un,  Hf.  1 
to  tho  annular  space  of  tho  utove;  a  jet  of  pure  name  rises  through  each  <*»••••*  ' 
the  engine,  nnd  at  the  same  time  tho  flro  in  prevent«l  from  rising  abo»«  its  prop"*  Im 

AIR-ESCAPE.     FB^  AjppareU  nmr  t«*apptma*  dt  Fairs  GtA,   YarHektmt  m 
derLuft;  ITAL.,  Sfiatatoio;  SPAN.,  VetUeador. 

An  air-escape  is  a  contrivance  for  letting  off  tho  air  from 


. 

ball  F,  Fig.  102,  attached  to  the  upper  part  of  the  pipe,  in  whirh  *  Wl^nrk 

in  such  a  way  that  when  any  air  collect*  in  the  pipes  A  and  E.  it  will  arnod  to  In*  i 
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displacing  the  water,  cause  the  ball  to  descend,  and  thus  open  the  cock  B,  and  allow  the  air  to 
escape.  No  water,  however,  can  follow  it,  for  when  the  fluid  rises  to  a  certain  height  the  ball  rises 
to  D,  and  shuts  the  cock. 

AIR-GUN.    FR.,  Fusil  a  vent ;  GER.,  Windbiichse  ;  ITAL.,  Schioppo  ad  aria  ;  SPAN.,  Fusil  (/• 

An  air-gun  is  an  instrument  resembling  a  musket,  made  to  discharge  projectiles  by  the  force  of 
compressed  air. 

AIR-HOLES.     FR.,  Sonf/lures  ;  GER.,  Luftblase  ;  ITAL.,  Bolle  cTaria  ;  SPAN.,  Respiraderos. 

Holes  or  cavities  in  a  casting,  produced  by  bubbles  of  air  in  the  liquid  metal,  are  termed  air- 
holes. 

AIR-PIPES.  FR.,  Ventilateurs,  Conduit  ou  carreau  a  air,  GER.,  Luftrohren,  ITAL.,  Tuhi  deWaria ; 
Tubi  da  Ventilazione  ;  SPAN.,  Ventiladorcs. 

Air-pipes  are  pipes  used  to  draw  foul  air  from  a  ship's  hold,  mines,  and  other  close  places. 
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box  m  the  piston.    An  enlarged 


Fig.  104,  shows  tin-  iimm  ,  r  in  wh 


made  which  allows  a  motion  of  the  rod  .id.-wise,  HO  that  any  slight  change  offcm 
of  the  packing  of  the  piston,  or  stuffing  of  the  rod,  cannot  prevent  theSve  ft 
shutting  properly     The  cone  of  the  valve  is  ground  to  a  DeVfcet  tit  to  its^Su.  hj 
the  valve  is  also  furnished  with  a  disc  of  oiled  silk,  whicl,  project-  just bejwri it 
outer  edge,  and  touches  the  flat  surface  of  the  \alv,-s,-at  •  the  valvi-rod  Vatends 
up,  and  its  upper  end  is  secured  in  n  hole  drill.-*!  in  the  upper  plate,  of  d 
sufficient  to  allow  motion  vertically  to  open  the  valve.    The  piston  is  of  tl 

made  m  two  parts;  the  upper  piece  has  a  hole  drilled  larger  thnn  thu 
piston-roil,  the  lower  part  of  a  conical  form,  ground  to  fit  a  con,-  on  the  piston-rod  • 
tills  forms  the  piston-valve.  The  lower  piece  of  the  piston  covers  the  end  of  Urn 
piston-rod,  but  allows  it  enough  motion  to  open  the  valve ;  a  scries  of  Biiudl  hoi.  „ 
through  the  plate  gives  a  free  passage  for  the  air  to  the  valve.  A  third  valve  i* 
placed  outside  the  cylinder,  made  of  oiled  silk  in  the  usual  wav.  In  the  upi.  r 
plate  of  the  cylinder  is  inserted  a  steel  lever,  (me  end  of  winch  covers  the  vnlve- 
rod,  the  other  end,  when  the  lower  valve  is  cl«..«ed,  is  flush  with  the  plate  but 
when  the  valve  is  raised  it  projects  into  the  cylinder. 

In  action  the  first  motion,  upward,  of  the  piston-rod  closes  the  piston-valve; 
the  first  motion  of  the  piston  opens  the  lower  valve;  as  the  piston  ascend*,  tin-  nir 
above  it  is  forced  out  through  the  upper  valve  and  air  from  the  receiver  flows 
unobstructedly  into  the  cylinder  The  piston  strikes  the  tail  of  th.-  1.  \,-r.  and  at 
the  instant  of  arriving  at  the  top  closes  the  lower  valve.  The  first  downward 
motion  of  the  piston-rod  opens  the  piston-valve ,  tin-  air  remaining  in  the  in; 
above  the  pistrn  distributes  itself  equally  throughout  the  cylinder,  but  none  ran 
pass  the  lower  valve  back  into  the  receiver.  \Vh.-n  the  pi.-ton  n_-:.m  M.rhea  th*  bottom  of  the 
cylinder,  the  interstices  below  are  filled  with  air  as  rarefied  as  a  pump  with  ordinary  valves ean 
exhaust. 

The  air-pump  of  Robert  Gill,  Fig.  105,  consists  of  a  cylinder  a,  to  the  lower  flange  of  which  the 
bell-mouthed  vessel  6,  projecting  upwards  into  the  cvlind'.-r,  is  secured.  Between  the  outer  side  of 
the  vessel  and  the  inner  side  of  the  cylinder,  the  tubular  bell-shaped 
piston  c  is  situated.  The  hollow  pfston-rod  </  is  screwed  into  the 
upper  part  of  the  piston,  and  the  leather  flap- valve  .  is  held  firmly 
between  these  two  parts  by  the  gripping  action  of  the  screw  The 
lower  part  of  the  piston-rod  d  is  tubular,  aud  a  small  leather-packed 
piston  /  is  fitted  to  the  rod,  carrying  at  its  lower  end  the  valve  A.  A 
part  of  the  rod  above  the  valve  A  is  encircled  by  a  helical  spring. 
The  upper  cover  of  the  cylinder  is  provided  with  an  air-escape  valve  i, 
which  is  immersed  in  a  reservoir  of  oil  to  ensure  its  tightness,  aud  the 
air  extracted  from  the  receiver  escajM-s  through  the  small  In. I. 
cup  and  tube  k  are  used  for  supplying  the  liquid  to  the  cylinder. 

To  prepare  the  apparatus  for  work,  the  upper  cover  of  tin-  cylinder 
is  taken  off,  and  tho  c^-k  /opened.  The  fluid  is  then  pMBM  down 
the  tnl>e  k  into  the  cylinder  until  the  piston  is  completely  co\ered.  t he- 
cover  being  replaced  and  the  cock  shut,  the  ap|wratus  is  then  n  ady 
for  :i.-tion.  On  moving  the  piston  upwards,  the  \alve  h  would,  if  fr.-*-, 
<  drawn  up  by  the  friction  of  the  small  piston  /in  the  tubular 
piston-r.-.!.  The  spring  m,  however,  is  of  greater  length  than  the 
oe  between  the  under  side  of  the  piston  c  and  the  valve  A  when 
the  piston  is  at  its  lowest  position,  consequently  the  spring  m  is  com- 
pressed until  the  piston  c  is  raised  through  a  distance  corresponding 
to  the  length  of  the  spring.  Being  in  this  state,  the  elasticity  of  the 
spring  overcomes  the  tendency  to  raise  the  vahe  A,  produced  by  tho 

friction  of  the  small  pi-ton/,  the  valve  A  is  therefore  maintained 

clo.se  against  its  seal  until  the  elasticity  of  the  spring  ceases  to  act,  or, 

in  other  words,  until  the  piston  r  is  eje\ated  through  a  distance  equal  to  the  spring  length,  oa 

arriving  at  which  point  the  valve  A  Ix-gins  to  rise.    The  foregoing  arrangement  of  the  eprteCMd 

valve  is  neoes.-ary  for  the  following  reason  — If  the  valve  were  free  to  rise,  the  apparatus  hebf 

charged  with  oil,  some  of  it  would  flow  through  tho  valve  opening,  and  enter  tin-  tut--  l<*dut«  «* 

the  receiver,  into  which  it  might  pass.     AH  the  piston,  how.  \.  , 

being  gradually  emerged  from  the  annular  Hpace  in  the  |..w<  r  |    ••         '  lof|h» 

oil  under  the  pi.-ton  is  1<>\\,  n  d,  the  -j.a'-e  for  holding  the  li.jiitd  being  gradually  enlarge*!.  SO  that 

the  valve  is  left  nncovcr.il  by  it     The  apparatus  is  shown  in  the  figure  in  the  position  of  inaetfca 

of  the  spring,  and  with  the  valve  open. 

Before  raising  the  pUton  the  space  below  it  in  completely  full  .  f  .  il.  and  the  join 
which   air   midil    intrude   are  nil  co'ven-d   with   thin   liquid .    eonmumtly.  tb»  ejaie 
the  motion  of  the  piston  must  remain  \»  rf.i-tly  <mpt>.  at  least  as  mrard- 
In-low  the  pi.-ton  being  now  in  communication  with  the  receiver  through  I 
with  air  more  or  less  nir.-fi.il :  at  thr  Name  tmir  the  air  contm  q>|"'r  I**  " 

hem-  compressed  by  the  ascent  of  tho  piston,  raises  the  Talve  <,  and  «•» 
through  the  aperture  r.    As  the  pressure  above  toe  piston  fa  greater  than  that  M* 
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leakage  of  oil  tnkes  placo  downwards  through  the  interstice  round  tho  little  piston-rod,  mid 
dropping  upon  the  shield  attached  to  tho  valve  /(,  falls  into  tlie  annular  space,  and  there;  accumu- 
lates during  tho  ascent  of  the  piston.  The  interstice  for  leakage  allows  only  a  small  quantity  of 
oil  to  pass,  otherwise  the  valve  h  might  be  overflowed  before  the  piston  begins  to  descend,  and  con- 
sequently before  the  valve  was  closed.  It  will  be  seen  that  in  every  part  of  the  piston's  motion 
its  lower  edge  is  immersed  in  the  oil,  which  prevents  any  lodgment  of  air  between  it  and  the  sidea 
of  the  cylinder. 

At  tlie  commencement  of  the  downward  motion  of  the  piston,  the  valve  h  is  closed  immediately 
by  its  piston  /,  and  the  valve  i  is  closed  by  its  own  weight  and  the  atmospheric  pressure ;  tlie  spuci: 
below  the  piston  becomes  smaller  and  smaller  as  tlie  piston  descends;  at  the  beginning  of 
the  upward  stroke  all  the  space  below  the  piston  was  full  of  oil,  and  during  the  upstroke  mom  oil 
has  passed  down  into  the  annular  space;  the  consequence  is,  that  when  tho  piston  reaches  the 
bottom  of  its  stroke,  the  space  below  being  completely  full,  it  is  evident  that  the  air  extracted 
from  the  receiver  must  be  completely  expelled  through  the  apertures  c  c,  together  with  that  small 
quantity  of  oil  which  passed  downwards  through  the  interstice  around  the  rod,  during  the  ascent 
of  the  piston.  The  space  below  the  piston  is  thus  infinitesimally  reduced,  and  consequently  the 
air  is  completely  expelled,  however  rarefied  it  may  have  been  on  entering  from  the  receiver. 

The  most  perfect  air-pump  is  that  invented  by  Hermann  Sprengel,  Fig.  106,  which  consists  of  a 
glass  tube  c  </,  longer  than  a  barometer,  open  at  both  ends,  and  in  which  mercury  is  allowed  to  fall 
down,  supplied  by  the  funnel  A,  .with  which  the  tube  is  connected  at  c.  The  lower  end  </,  of  this 
tube  dips  into  a  small  glass  bulb  B,  into  which  it  is  fixed  by  means  of  a  cork.  This  glass  bulb  has 
a  spout  at  its  side,  situated  a  few  millimetres  higher  than  the  lower  end  of  the  tube  c  d.  The  first 
portions  of  mercury  which  run  down  will  consequently  close  the  tube,  and  form  a  safeguard 
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against  the  air  which  might  enter  from  below,  if  the  equilibrium  should  be  disturbed.  The  upper 
part  of  c  d  branches  off  at  x  into  a  lateral  tube,  to  which  the  receiver  K  is  affixed.  As  soon  as  the 
stop-cock  at  c  is  opened,  and  the  mercury  allowed  to  run  down,  the  exhaustion  begins,  and 
the  whole  length  of  the  tube,  from  a;  to  d,  is  seen  to  be  filled  with  cylinders  of  mercury  and  air, 
having  a  downward  motion.  Air  and  mercury  escape  through  the  spout  of  the  bulb  B,  which  is 
above  the  basin  H,  where  the  mercury  is  collected.  This  has  to  be  poured  back  from  time  to  time 
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into  the  funnel  A,  to  pass  through  the  tube  again  and  again,  until  the  exhaustion  is  « 
As  the  exhaustion  is  progressing,  it  will  l>e  noticed  that  the  enclosed  air  between  the 
cylinders  becomes  less  and  less,  until  tho  lower  part  of  c  d  presents  tho  aspect  of  a  to 
column  of  mercury,  about  30  inches  high.     Towards  tliis stage  of  the  opentionaconsidefahk 
begins  to  be  heard,  similar  to  that  of  a  shaken  water-lminnu-r,  and  common  to  all  liquids  -fc-frtsj 
in  a  vacuum.    The  operation  may  be  considered  comph-t.-d  wh.-n  th«-  column  of  mercury  does 
enclose  any  air,  and  when  a  drop  of  mercury  falls  ujxin  the  top  of  this  ••..lumn  w  ithout 


the  slightest  air-bubble.  Tho  height  of  this  column  now  corrraponds  exactly  with  the  height  of  the 
column  of  mercury  in  the  barometer ;  or,  what  is  tho  same,  it  represents  a  barometer  vhoM 
Toricellian  vacuum  is  tho  receiver  K. 


justable  cut-off.  Tho  injection  water  is  taken  from  tho  well.  Th«-re  u  a  heavy  fly-wbwl  of  S3 
feet  diameter  on  tho  crank-shaft,  and  power  is  communicated  by  n  ]>inion  of  twenty-arm  teeth  on 
the  end  of  the  shaft,  gearing  into  a  spur-wheel  on  t-ith.T  M.(.-,  •  : 

spur-wheel  shaft  aro  two  cams,  each  giving  motion  to  a  set  of  pumps  by  means  of  bcll-crmnk*. 
Each  set  of  pumps  consists  of  two  pistons  or  boxes  in  ono  rhamln-r  <-r  rylii,  . 

see  Figs.  107,  108 ;  the  piston-rod  of  tho  upper  one  being  a  tube,  and  the  |.i-t  :i-rod  of  the  lower 
box  passing  through  it,  the  valves  are  butterfly- valves  hinged  in  the  mi.1.1!,- ;  imd  earh  puton  ftm- 
mences  its  stroke  slowly,  and  increasing  in  a  short  space  to  its  uniform  v.l>--;iy.  i.n.l  nt  the  end 
decreasing  for  like  distance  till  it  stops.  Thus  while  the  lower  box  is  riMin:.  tin-  upper  fa  dr- 
scending,  the  water  passing  up  through  the  valves  of  the  upper  box  ;  but  juut  U-foro  the  lower  box 
has  completed  its  up-stroke.  the  upper  box  lias  completed  its  down-stroke,  and  commenoes  to  rice, 
the  lower  decreasing  in  velocity  and  the  upper  increasing :  and,  nV»  r<r*i,  daring  the  rise  of  the 
upper  box  the  lower  one  descends,  and  commences  to  rise  in  time  to  relieve  the  upper  box  at  tho 
end  of  its  stroke.  Thus  the  stroke  of  one  box  laps  on  to  that  of  tho  other,  and  the  abnhtte  mom 
ment  or  stroke  of  17' 875  inches  of  each  box  may  be  considered  lG-lii.~>  in.-h.-s  effective. 

AIR-SHAFT.  FB.,  Puits  d'ae'rage,  Buse  (fringe ;  GEB.,  LvfttcAacht,  WtUtrtekackt ;  ITAU, 
Pozzo  di  mina ;  SPAN.,  Pozo  de  ventilation. 

An  air-shaft  is  a  passage  for  air  into  a  mine,  usually  opened  in  a  perpendicular  direction,  and 
meeting  the  adits  to  cause  a  free  circulation  of  fresh  air  through  the  mine. 

AIR-STOVE.  FB.,  Calorifere  a  airchaud;  GEB.,  Of  en  turn  hcitten  mil  varmtr  Luft;  ITAI_, 
Calorifero  SPAN.,  Calortfero  de  aire  caliente. 

An  air-stove  is  an  enclosed  fire-place  BO  constructed  as  to  admit  a  stream  of  air  to  paw  round  it 
or  through  it,  and  this  impinging  upon  a  heated  surface  is  rarefied,  carried  upward*,  and  warms  the 
apartment.  See  VENTILATING  AND  WASHING. 

AIR-TRAP.  FB.,  Arrangement  pour  pre"cenir  Pair  impur  des  fgouts  ft  d*  riooUt  de  tt  ditpmr 
dans  les  bailments ;  GEB.,  Eine  Vorrichtung  zum  znriickhaltcn  ton  fouler  Luft  in  Cloaken  ;  ITAL.,  I  a/tuti 
ad  aria ;  SPAN.,  Aparato  para  impedir  el  escape  de  aire  impure  de  sumiderot. 

An  air-trap  is  a  trap  immersed  in  various  ways  in  water,  to  prevent  fool  air  ruing  from  sowers 
or  drains. 

AIR-VALVE.  FB.,  Soupape  a  air  ;  GEB.,  Luftventil,  LuftUappe ;  ITAU,  To/tola  di  notnMM  ptr 
il  vuoto  ;  SPAN.,  Vdlvula  de  aire. 

An  air-valve  is  a  safety-valve  fixed  at  the  top  of  a  steara-l>oilor,  and  opening  inwards  to  prevent 
rupture  from  the  pressure  of  the  atmosphere  ujxm  the  sides  of  the  boiler,  should  a  vacuum  oocur 
v.  ithin  from  the  steam  becoming  condensed,  or  partially  so. 

AIR-WAY.   FB.,  Passage  pour  fair ;  GEB,  Luftvxg ;  ITAI^,  Cono  dtffana  ;  SPAJT,  (Ww*>  J»«»n«. 

A  tubular  passage  for  air  flowing  in  pipes  is  termed  an  air-way. 

AJUTAGE.  FB.,  Ajutage,  Ajutoir ;  GEB.,  Auftat*  (fir  Springbnuuun) ,  ITAI^,  TUe  fqgimttl 
SPAN.,  Tu'to  para  regularitar  la  talida  de  aqua. 

A  tube  through  which  water  w  discharged  is  called  an  ajutage ,  a*  the  ajutage  of  a  fountain. 

ALGEBRAIC  SIGNS.     FB.,  Sijncs  olgtbriqueti    GHL,  Atgtbnutckt  ZticJ**;    ITAL, 
oJgebrtii'-'  nos  Alffebrdicoi. 

The  sign  +,  termed  plus,  or  more,  is,  like  each  (.fib-  oth«  -r  nlgebraie  rif^u,  a 
mark;  it  indicates  addition,  thus,  18  +  1'J  =  87,  that  w,  18  added  to  ID  wiual  87. 

=  being  the  sign  put  for,  equal  to ;  equal ;  or  equals,  u  +  6  =  c,  or,  in  words,  a  added  to  6  make* 
a  sum  equal  tc  c. 

+  is  sometimes  used  to  indicate  that  figures  have  been  omitted  from  the  end  of  a  MiMMfr 
or  that  tho  number  is  approximately  exact,  an  tho  aouaro  root  of  5  is  2*2800679  +. 

This  little  cross  mark,  when  written  diagonally  like X , stands  for  mmJtiplM  5y :  as,  15xS»  ISO. 

x  also  stands  for  tunes  and  into,  as,  a  x  6  =  a 6.  Multiplication  fa  also  oflan  indkmtod  by 
placing  a  dot  between  tho  factors,  or  by  writing  the  Utter,  wh.-n  not  numerals,  one  after  another, 
without  any  sign  ;as,ax&xcxd  =  a-b-c-d  =  abed;  Ix2x3x4n24»12  8'i. 

a  +  a  +  a  +  a  +  a  =  !>  tim<*  a,  written  ff  a,  must  not  be  confounded  witli  «xaxax«X««S3 
in  the  filth  power,  \vritt.-na-.  If  a  =  2,  then  in  tlie  first  oase  5  a  =  10;  aird  in  the  second  «f« 

—  Minus,  less  ;  which  indicates  subtraction ;  as,  7  —  3  =  4  :  that  is,  7  kes  or  diminished  tj 
equal  to  4  :  if  »  be  put  for  7,  q  for  3.  and  r  for  4,  then  p  —  q  =  r. 

+  or  :  stand9  for  divided  by ;  a*,  x  +  y ;  that  is,  •  divided  by  y .  Now.  to  Uko  a  P*/**!"*"; 
x  =  24,  and  y  =  3,  then  x  -*-  y  T24  -*-  3  =  8.    However,  divuum  is  mure  (MieraUy  indisnled  W 

writing  the  diviaor  under  the  dividend,  with  a  line  bctwwsn  them ;  as,  -  ;  thai  fa,  *  divided  by  f 

Supposing  x  to  be  put  for  20,  and  y  for  3,  then  - 
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Pmnll  figures,  1,  2,  3,  4,  &c.,  termed  indices,  are  placed  above  and  at  the  right  hand  of  quantities 
to  denote  that  they  ore  to  be  raised  to  powers  whose  degree  is  indicated  by  the  figure  ,  as,  a  or  a1, 
that  is,  the  first  jxiwer  of  a  ;  a2,  the  square  or  second  power  of  a  ;  a3,  the  cube  or  third  power  of  a  , 
«4,  the  fourth  power  of  a  ,  and  the  like.  43  =  4  x  4  x  4  —  64.  Small  figures,  in  indicating  ]x>wers, 
are  often  preceded  by  the  negative  sign  (  —  ),  and  thus  show  or  indicate  the  reciprocal  of  the  corres- 

1111 
ponding  power  ,  as,  a-1,  a-2,  a-3,  or4,  &c.,  are  respectively  equivalent  to  -y   —  a,   —  3»   —  4i  &c. 

*/,  or  J  signifies  root  ;  —  indicating,  when  used  without  a  figure  placed  above  it,  the  squnrc  root  ; 
as,  J  9  =  3  ,  J  289  =  17  ;  V  H>  «a  =  *  a  >  aQd  8°  on-  This  symbol  is  called  the  radical  sign. 
To  denote  any  other  than  the  square  root,  a  figure  (called  the  index),  expressing  the  d<  -urn  •(•  of  the 
required  root,  is  placed  above  the  sign  ;  as,  ^/  a,  tf  a,  $/  a,  &c.  ;  that  is,  the  cube  root,  fourth  root, 
ninth  root,  &c.,  of  a.  *J  is  merely  a  modification  of  the  letter  r,  which  was  used  as  an  abbreviation 
of  the  Latin  word  radix  *  root.  The  root  of  a  quantity  is  also  denoted  by  a  fractional  index  at  tin- 
right-hand  side  of  the  quantity  and  above  it,  the  denominator  of  the  index  expressing  the  degree  <  >f 
the  root  ;  as,  a*,  a*,  a$  ;  that  is,  the  square,  cube,  and  fifth  roots  of  a,  respectively. 

-  Vinculum,        j     These  signs  indicate  that  the  quantities  to  which  they  are 

(  )  Parenthesis,      >    appended,  or  which  are  enclosed  by  them,  are  to  be  taken 

[    ],  or    {      }  ,  Brackets,    j     together;  as,  3(8  +  11)  =  57;  that  is,  8  is  first  added  to  11, 

and  then  the  parenthesis  shows  that  the  sum  19  has  to  be  multiplied  by  3.     3  (8  x  2  —  11)  =  15  ; 

that  is,  from  twice  8  take  11,  and  multiply  the  remainder  by  3.     But  3  (8  x  2)—  11  =  37,  must  not 

be  taken  for  3  (8  x  2  -  11).    If  a  =  2  and  6  =  3,  then,  (a  +  6)2  =  (2+  3)2  =  25  =  a  +  6-. 

a  X  [6  +  a2  (3  6  -  a2)]  =  2  [3  +  4  (9  -  4)]  =  46. 
«  V  {  («  +  &)  +  «2  [3&-a2]  }  =  2  V  {  (2  +  3)  +  4  [9-4]  }  =  10. 
This  last  expression  must  not  be  confounded  with  the  form 

a  */  {  («  +  6  +  «2)C36  -  a23  1  =  2  V  {  9  x  5  f  =  6  A/~5~=  13  4164078. 

Is  to,  or  the  ratio  of,  is  expressed  by  two  dots,  one  placed  over  the  other  ,  as  ,  (:)  between  a  and 
6,  (a  :  6>  signifies  a  is  to  6,  or  the  ratio  of  a  to  6.  :  :  signifies  as,  or  equals.  This  arrangement  of 
dots  is  employed  to  indicate  proportion  ;  as,  a  t  6  !  :  c  ;  d  ;  that  is,  a  is  to  6  as  c  is  to  d,  or,  the  ratio  of 
«  to  6  equals  the  ratio  of  c  to  d.  In  numbers,  for  example,  if  a—I,  6=3,  c  =  35,  then  d=l5  ,  for 

a        c 
7  :  3  :  :  35  !  15  ;  as,  a  x  rf  =  6  x  c  ;  or  r  =  -7  • 

^ST  To  understand  the  proper  application  of  the  symbols  +  ;  —  ;  x  ;  -j-  ;  ,J  ;  J  ;  (  )  ; 
and  :  :  :  :  ;  is  of  much  importance  to  the  practical  mechanic  and  engineer,  especially  if  he  has 
neglected  the  study  of  mathematics  ;  for  any  person  who  understands  common  arithmetic,  and  how 
these  symbols  are  applied,  may  determine  the  numerical  value  of  any  general  formula  in  particular 
cases. 

For  example,  the  slip  (n)  of  screw  propellers,  or  paddle-wheels,  is  given  by  the  formula 


in  which  g  =  the  area  of  resistance,  and  d  =  the  acting  area.    Now,  if  n  be  required  when  g  =  49 
square  feet  and  d  =  225  square  feet,  we  have 


__  ij  117649  343         _  j*!3.  _    09225 

~  ~  "  ~  VTI7649  +  V  U390625  ~  343  +  3375  ~  3718  ~ 


To  illustrate  this  method  of  substituting  numbers  for  their  representative  letters  in  established 
formulae,  we  select  the  following  problems,  respecting  the  crank  and  fly-wheel,  from  Byrne's  'Essen- 
tial Elements  of  Practical  Mechanics.' 

Problem.—  To  find  the  position  of  the  crank  corresponding  to  its  maximum  and  minimum 
velocity  in  a  single-acting  engine  :  —  Let  O  B  and  O  D  be  the  required  positions  on  the  crank,  and 
let  P  represent  the  constant  pressure  of  the  connecting-rod,  supposed 
to  act  in  a  vertical  line.    Put  Q  =  the  constant  resistance,  acting  at 
1  foot  from  the  axis  of  the  fly-wheel,  equivalent  to  the  work  of  the 
engine. 

The  motion  will  be  accelerated  from  B  to  D.  This  acceleration 
will  commence  when  the  moving  pressure  is  equal  to  the  resisting 
pressure,  and  it  will  cease  under  the  same  condition.  The  former 
will  correspond  to  the  position  of  minimum,  the  latter  to  that  of 
maximum  velocity.  Hence,  at  these  two  points  the  moment  of  P 
must  be  equal  to  the  moment  of  Q,  and  the  point  D  will  be  as  much 
below  the  horizontal  line  A  O  as  the  point  B  is  above  it. 

.-.    PxCO  =  Qxl.  [1] 

Again,  by  the  equality  of  work,  putting 
r  =  OB, 

Units  of  work  by  P  in  1  revolution  =  2  r  P. 

Q  „  =Qx  2x3-1416. 

.-.     2rP  =  Q  X  2  X  3  1416.  [2] 

Dividing  equation  [1]  by  equation  [2], 


-- 

r          3-1416 

C  O 

.-.  From  the  table  of  natural  sines  -31831  =  cosine  of  71°  27';  for  --  is  the  cosine  of  the 
angle  BOC. 
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xBD  =  P  x  2r  x  MU  71    -7  -   2rPx  -948 

Work  of  the  constant  pressure  Q  from  D  to  B  =  9jLgJiJ;»'«  *  142°MV.2rr  x 
putting  for  Q  x  2  x  3-1416  its  value  2  r  P,  found  in  the  hurt  problem. 


2rPx  -948  -2rP 

p2  A3  W 
Accumulated  work  at  B  =  —  „  --  • 

Accumulated  work  at  D  =  —  r.  - 
•j 

Hence  the  accumulated  work  gained  from  B  to  D  =  **  ^L  (d»  -  p»),  but  this  mart  be  equal  la 
the  work  before  found  ; 

k2  W 

•"'    ~27~  <<**  -*>*)  =  rp*  1-1022  [8] 

Let  V  be  the  mean  velocity  of  the  wheel  at  one  foot  from  the  axis,  and  let  the  extreme 
velocities  d  and  p  differ  from  this  mean  velocity  by  the  nth  part  •  then 

V  V 

d=  V+  -and/>  =  V-- 

* 


Let  N  be  the  number  of  double  strokes  performed  a  minute,  tli«  n 
,,      2  x  3-1416  xN 
V  =  -         (()         -  =  •  10472  xN;  [5] 

Let  U  be  the  work  of  the  engine,  then 

U  =  2rPN     ;.    rP  =  2US  [«] 

Substituting  the  values  given  in  the  equation  [4],  [5],  [6J  in  equation  [3], 
and  reducing,  2g  =  32^ 

w        nU         32^  X  1-1022 
~  ^N"  x  4  x  (-10472)* 

..    ^  =  FN3  X  808-2  (7] 

which  is  the  expression  for  the  weight  of  the  fly-wheel  in  pounds. 

1  1'  II  be  put  for  the  horse-power  of  the  engine,  then  U  =  33000  I!  ;   substituting  thu  in 

equation  [7],  and  reducing  to  tons, 

TT 

11907  P] 


which  is  the  expression  in  units  of  tons.     Let  R  =  the  mrnn  mliua  of  the  fly-wheel, 

of  the  rim,  then  from  a  well-known  property  of  the  centre  of  gyration 

A»  =  R*+  j; 

substituting  this  in  equation  [8],  then 

•i  TT 

x  11907. 


Neglecting  v  as  being  comparatively  small,  then 

W=KV",x  11907.  [9] 

It  may  be  observed  tlmt  tho  weight  of  tho  wheel  varies  inversely  as  the  cube  of  the  number  of 
strokes  p. T!'.. rim  il  l>y  the  engine  per  minute. 

If  .1  =  tin-  :uv:i  -if!  lie  section  of  tho  rim  in  square  feet,  and  450  Ibs.  bo  taken  M  the  weight  at  a 

t  ~>i> 
cubic  foot  of  the  metal,  then  W  =  2  IT  R  a  ,, '  .„  tons  nearly.     Substituting  in  equation  [»1  and 


solving  the  resulting  equation  for  R, 

/nil        11907*2240      \i 
then  R  =  {^ 

21    VVIT 
•  '•  vv  -      =B» 

«  »        a 

which  is  an  oxprossion  for  tho  monn  rndiux  of  a  cast-iron  fly-wheel  of  a  i 
there  an-  given  tin-  nnmlH-r  of  Mruki-M  of  tho  piston,  the  horso-powpr.  the  •!«•  oftbe  Be* 
of  the  rim,  nn<l  tho  |.ro|N,rtioi)al  variation  fr«.m  »  menu  \ 
the  double-acting  cngiuc,  cosine  B  O  A  -  2  x  -31831 , 
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In  the  fly-wheel  B  A  W,  Fig.  110,  C  A  =  R;  C  B  =  r,  the  outer  and  inner  radius  of  the  ring. 
\V  =  weight  of  the  ring  in  pouuds;  w  the  weight  of  the  arms, 
breadth  of  each,  D  E=6.    If  y  be  the  centre  of  gyration  of  the 
ring  and  arms,  then,  putting  y  =  Cy, 


^     / 
V 


.  (4 


=  5409  Ibs.  nearly. 


12  (W-f  «>) 

In  practice,  the  centre  of  gyration,  including  the  ring  and 
arms,  may  be  assumed  at  y  =  r  the  length  of  the  inner  radius 
from  the  centre,  0.  Putting  a  for  the  angular  velocity  or 
number  of  revolutions  a  minute,  at  the  end  of  the  time  t  in 
which  the  fly-wheel  would  concentrate  the  same  power  as  the 
steam  engine,  t  may  be  taken  =  128  seconds  ;  but  when  the 
work  is  irregular,  t  may  be  taken  as  high  as  170  seconds. 
Taking  these  average  quantities,  the  weight  of  a  fly-wheel  for 
a  given  horse-power  H  will  be 

w.ht_(ll)»x(10)'xl28H 

a-  r- 

Question.  —  Required  the  weight  of  a  fly-wheel  when  the  engine  is  of  56  horse-power  ;  the  inner 
radius  of  the  ring  =  10  feet  making  42  revolutions  a  minute  ? 

Weight  = 

"We  append  other  algebraic  symbols,  which  have  been  employed  by  writers  in  treating  of 
quantities  that  could  be  numerically  expressed.  Many  of  the  following  signs  or  symbols  are 
obsolete,  rare,  or  of  far  less  importance  to  the  mechanic  or  engineer  than  those  which  we  have 
explained  and  illustrated. 

_L  Divided  by  ;  as,  a  _L  6  ;  that  is,  a  divided  by  b  ,  G  JL  3  =  6  -T-  3  =  2.    [Rare] 

>  Is  greater  than  ;  as,  a  >  6  ;  that  is,  a  is  greater  than  b  ;  6  >  5. 

C~  Is  greater  than  ;  —  the  same  as  >.    [Rare] 

<  Is  less  than  ;  as,  «  <  6  ,•  that  is,  a  is  less  than  6  ,  3  <  4. 

_~l  Is  less  than  ;  —  the  same  as  <.    [Rare.] 

<£  Is  not  less  than  ;  —  the  contradictory  of  <  ;  as,  a  <£  6  ;  that  is,  a  is  not  less  than  6  ;  or,  a  may 
be  equal  to,  or  greater  than,  6,  but  cannot  be  less  than  it. 

~%>  Is  not  greater  than  ;  —  the  contradictory  of  >  ;  as,  a  ^>  6  ;  that  is,  a  is  not  greater  than  6  ; 
or,  a  may  be  equal  to,  or  less  than,  6,  but  cannot  be  greater  than  it. 

=c=  Is  equivalent  to  ;  —  applied  to  magnitudes  or  quantities  which  are  equal  in  area  or  volume, 
but  are  not  of  the  same  form,  or  capable  of  superposition  ;  as,  a'^zbc;  that  is,  the  square  whose 
side  is  a  is  equal  to  the  rectangle  whose  sides  are  a  and  6.  [Rare] 

tf5  Of  the  form  of;  as  a  tft  (2  n  +  1)  ;  that  is,  the  term  a  is  of  the  form  2  n  +  1  ; 
17  y=t  (2  x  8  +  1)  ;  that  is,  the  odd  number  17  is  of  the  form  2x8  +  1.    [Rare] 

s*;  Is  divisible  by  ;  as,  a  cfc  6  ;  that  is,  6  is  an  exact  factor  of  a  ;  8  sfc  2.    [Rare] 

.x-  The  difference  between  ;  —  used  to  indicate  the  difference  between  two  quantities  without 
designating  which  is  the  greater  ;  as,  a  -^  6  ;  that  is,  the  difference  between  a  and  b. 

—  ;  The  difference  between;  —  the  same  as  ^*.    [Rare] 

oc  Varies  as  ;  is  proportional  to  ;  as,  a  x  b  ;  that  is,  a  varies  as  6,  or  is  dependent  for  its  value 
upon  b. 

--  Geometrical  proportion  ;  as,  -•  a  I  b  '.  :  c  I  d  ;  that  is,  the  geometrical  proportion  a'.b'.lc'.d 
[Rare] 

•  •  Minus;  the  arithmetical  ratio  of  ,    \    used  to  indicate  arithmetical  proportion;   as,  a  ••  b 

1  1   Equals  ;  is  equal  to  ;  /         I  I  c  ••  d;  that  is,  a  —  6  =  c  —  d.     [Rare] 

oo  Indefinitely  great  ;  infinite  ;  infinity  ;  —  used  to  denote  a  quantity  greater  than  any  finite  or 
assignable  quantity. 

0  Indefinitely  small  ;  infinitesimal  ;  —  used  to  denote  a  quantity  less  than  any  assignable  quan- 
tity ;  also,  as  a  numeral,  naught  ;  nothing  ;  zero. 

Z_  Angle  ;  the  angle  ;  as,  ^  A  B  C  =  /£  D  E  F  ;  that  is,  the  angle  A  B  C  is  equal  to  the 
angle  D  E  F  :  —  less  frequently  written  >  or  _^. 

/\  or  A  The  angle  between  ;  as,  ab,  or  A  A  B  ;  that  is,  the  angle  between  the  lines  a  and  6,  or 
A  and  B,  respectively. 

By  some  geometers,  the  angle  between  two  lines,  as  a  and  6,  is  also  indicated  by  placing 

one  of  the  letters  denoting  the  enclosing  lines  over  the  other  ;  as,  -r-  ;  that  is,  the  angle  between  the 

lines  a  and  6;  sin.  —  ;  that  *&>  the  sine  of  the  angle  between  the  lines  a  and  6. 

L  Right  angle  ;  the  right  angle  :  as,   L  A  B  C  ;  that  is,  the  right  angle  ABC. 

_L  The  perpendicular;  perpendicular  to  ;  is  perpendicular  to:  as,  draw  A  B  J_  C  D  •  that  is, 
draw  A  B  perpendicular  to  C  D. 

||  Parallel  ;  parallel  to  ;  is  parallel  to  ,  as,  A  B  ||  C  D  ;  that  is,  A  B  is  parallel  to  C  D. 

y  Equiangular  ;  is  equiangular  to  ;  as,  A  B  C  D  v  E  F  G  H  ;  that  is,  the  figure  A  JB  C  D  is 
equSngular  to  the  figure  E  F  G  H.  [Rare] 

*_  Equilateral  ;  is  equilateral  to  ;  as,  _*_  D  E  F  :  that  is,  the  figure  A  B  C  is  equilateral  to  the 
figure  DBF.  [Rare] 

O  Circle;  circumference;  360°. 

^  Arc  of  a  circle  ;  arc. 
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<»>  *  *  B  C  =  A  D  E  F;  that  is,  the  triangle  A  B  C  is  e«oal  to 

D  Square;  the  square;  as,  Q  A  B  C  D  ;  that  is,  the  square  A  B  C  D 


/  or  F  ;  Function  ;  function  of  ;  as  y  =/  (*)  ; 


as 

funcikfn  of'/'  *'  e>      °me  °    thC8e  ""  "^  ^  without 

d  Differential  ;  as,  dx;  that  is,  the  differential  of  x. 

8  Variation  ;  as,  5  x  ;  that  is,  the  variation  of  x. 

A  Finite  difference. 

D  Differential  co-efficient  ;    derivative  ;  —  sometimes  written  aim  </„     The  variable    with 
respect  to  which  the  differential  co-efficient  is  take,,.  is  indi,  .,,t,  ,1  l,v  writing  the  let**?* 
it  at  the  right  hand  below  ;  as,  D,  0  ;  that  is,  the  differential  o>-Hli'.  -i.-nt  of  *  with  K*Mrtto< 

Ihe  letters  </,  5,  A,  D,  and  sometimes  others,  are  variously  employed  by  different 
maticians,  prefixed  to  quantities  to  denote  that  the  differentials,  variations,  finite  di 

si  f  trVivmitio  1      «*i    ,.4i:..:     ,.i    .     ^tf    j.1  ___  .    A*,-  ,          • 


differential  co-efficienta  of  these  quantities  are  to  be  taken  :  l,ut  the  ordinary  . 
those  given  above.    An  index  is  often  placed  at  the  right  Imnd  of  d,  to  indicate  the  result  of  out 
or  more  repetitions  of  the  process  denoted  by  that  sign;  as,  d*x,  d'x  &e  •  that  is.  the  awond 
third,  &c.,  differential  of  a:,  or  the  result  of  differentiating  x  two,  three,  &c  'times.    This  eon 
device  is  clumsy  and  inadequate. 

•  Fluxion  ;  differential  ;  as  x  ;  that  is,  in  modern  notation,  dr.    [0fc.] 

/  Integral;  integral  of  ;  —  indicating  tlmt  tin-  i-xj.ri-ssion  before  which  it  in  placed  is  to  bo 
integrated  ;  as,  /  2  xdx=x*;  that  is,  the  integral  of  2  xdx  is  x*.    This  sign  it  merely  a  modified 
iorm  of  b,  which  is  itself  the  abbreviation  of  the  Latin  word  suiwna,  mini,  tin- 
sum  of  the  differentials.     It  is  repeated  to  indicate  that  the  operation  of  integration  fe  to  be 
performed  twice,  or  three,  or  more  times,  as//,///,  &c.    For  a  number  of  times  greater  0 


three,  an  index  is  commonly  written  at  the  right  hand  above  ;  as,  /»,  «ir"  ;  that  u,  the  irtth 
integral,  or  the  result  of  in  integrations  of  j:</j-m.  The  variable,  with  respect  to  which  the 
integral  is  taken,  is  sometimes  indicated  by  writing  the  letter  designating  it  at  the  right  hand 
below  ;  as,  ft  <t>  ;  that  is,  the  integral  of  <f>  with  respect  to  x. 

ft  denotes  that  the  integral  is  to  be  taken  between  the  value  6  of  the  variable  and  its  value  a. 
f*  denotes  that  the  integral  ends  at  the  value  a  of  the  variable  ,  and  /*  that  it  begins  at  the  value 
b.  These  forms  must  not  be  confounded  with  the  similar  one  indicating  repeated  integration,  or 
with  that  indicating  the  integral  with  respect  to  a  particular  variable. 

2  Sum  ;  algebraic  sum  ;  —  commonly  used  to  indicate  the  sum  or  summation  of  finite  differences, 
and  in  nearly  the  same  manner  as  the  symbol  /. 

Residual. 

(  3£  )  A  symbol  used  in  abbreviations  of  quantics  whose  terms  have  the  same  numerical  co- 
efficients as  a  corresponding  expression  formed  by  involution  ;  as  (a,  6,  c,  d  ~$_  r,  yf,  which  dfH"4lM 
the  qua  n  tic  az*-f  3l>x2y  -f-  Sexy*  +dy*,  the  numerical  co-efficients  of  which  are  the  same  M  those 
obtained  by  expanding  (x  +  y)*. 

(  5C  )  A  symbol  for  a  quant  ic  which  has  no  numerical  co-efficients;  as,  (a,  6,  c,  d  }£  x,  y)*, 
whichdenotes  the  quantic  ax*  +bx*i/  +  cxy*  +  rf//1. 

f  The  number  3-141592G5  +  ;  the  ratio  of  the  circumference  of  a  circle  to  its  diameter,  of  a 
semicircle  to  its  radius,  and  of  the  area  of  a  circle  to  the  square  of  its  raditw.  In  a  circle  whosa 
rnliiis  id  unity,  it  is  equal  to  the  semi-circumference,  and  hence  is  used  to  designate  an  arc 
of  1  >u  .  In  a  circle  whose  diameter  is  unity,  it  b  equal  to  the  circumference,  or  an  are  of  3600. 

g  The  ratio  of  the  circumference  of  a  circle  to  the  diameter  ;—  the  same  as  w  ;  a  graphic  modi- 
fication of  the  letter  C,  for  circumference. 

Q  The  base  of  the  hyperbolic  system  of  logarithms  ;  the  same  M  •  ;  a  graphic  modification  of 
the  letter  15,  tor  l«se. 

M  The  modulus  of  a  svstcm  of  logarithms;—  used  especially  for  the  modulus  of  the  **M»T<^ 
system  of  logarithms,  the  base  of  which  is  10.  In  this  system  it  is  equal  to  0-42H2!M  IM'.i  +  . 

</  The  force  of  gravity.  Its  value  for  any  latitude  is  expressed  by  the  formula  ?  at  JB-  17078 
(1-0-002;YJ  cos.  2  A),  in  which  A  is  the  latitude  gives,  and  tt'lltTO  (that  is,  82-17076  tot 
per  second)  the  value  of  g  at  the  latitude  of  45°. 

0  Degrees  ;  as  GO0  ;  that  is,  sixty  degrees. 

'  Minutes  of  arc  ;  as,  30'  ;  that  is,  thirty  minutes. 

"  Seconds  of  arc  ;  as,  20"  :  that  is,  twenty  seconds. 

R°  Radius  of  a  circle  in  degrees  of  arc,  «|iial  to  57°'29578. 

B'  Radius  in  minutes  of  arc,  equal  to  :u:t7' 

R"  Radius  in  seconds  of  arc,  equal  to  20(5264"  -8. 

',  ",  '",  &c.  Accents  used  to  mark  quantities  of  the  mmr  kind  which  are  to  be  dMtagvbhed  ;  a*. 
a',  a",  a'",  &c.,  which  are  usually  road  <i  prime,  a  second,  a  third,  Ac.  :  a  6'  e"  +  a'  •"  •  • 

When  the  nuiiil.<-r  of  the  accents  would  be  greater  than  three,  the  eorrespondlnf  Wutmm 
numerals  are  used  instead  of  them;  as,  a',  a".  AC.  The  accents  arr  ofte*  •rlltoc 

below  also  ;  as,  a,,  a(/,  a<((,  a,,,  a,,  &c.  Figures,  and  aliw  letters,  are  sometimes  ostd  tor  the  SMM 
purpose;  as,  a1,  a2,  a™,  a",  Oo,  ot,  a,,  <im.  <«„  ami  tin-  like. 

Indices  or  small  figures  are  also  often  used  to  indicate  th«  repetition  of  an  opMBtkw  :  a*.  <rr. 
d*x,  d4x,  &c.,  indicating  that  the  operation  of  differentiation  has  been  uerlbmn  opoa  *  two,  thrw, 
four,  &c.,  times. 

sin.  x.  The  sine  of  x  ;  that  is,  of  the  arc  represented  by  x.    In  the  samt  sstfiMT 
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cot.  x,  sec.  ar,  cosec.  a:,  versin.  a:,  and  co-vers.  a-,  denote  respectively  the  cosine,  tangent,  cotangent, 
secant,  cosecant,  versed  sine,  and  co- versed  sine  of  the  arc  represented  by  x. 

sin.— lx.  The  arc  whose  sine  is  a:.  In  the  same  manner  cos.— lx,  tan.— lx,  cot.— lx,  sec.— lx, 
cosec.-'-r,  versin.~lx,  and  co-vers.— 'x,  are  used  to  denote  respectively  the  arc  whose  cosine,  tangent, 
cotangent,  secant,  cosecant,  versed  sine,  or  co-versed  sine  is  x. 

This  sign  must  not  be  confounded  with  the  negative  index  designating  the  reciprocal  of  a 
quantity,  which  would  be  applied  to  a  parenthesis  inclosing  one  of  these  expressions ;  as,  (sin.  a;)—1, 

which  is  equivalent  to  - • 

sin.  x 

Oliver  Byrne,  the  inventor  of  the  art  and  science  of  Dual  Arithmetic,  in  developing  which  he 
employs  in  his  works  two  new  signs,  an  arrow  (J,)  and  a  comma  (,);  these  signs  (|,  f)  do  not 
interfere  with  those  we  have  previously  enumerated,  as  dual  arithmetic  essentially  diifer.s  t'nun  nrts 
previously  known.  Besides,  those  who  examine  dual  arithmetic  in  all  its  bearings  will  find  that 
a  branch  of  greater  importance  has  not  been  contributed  to  mathematical  science ;  hence,  how  these 
new  signs  are  applied  may  interest  many. 

J,  6,  5,  3,  7,  9,  2,  3,  3,  is  a  dual  number  of  the  ascending  branch,  composed  of  eight  consecutive 
digits ; 

2  \  '0  '6  '7  '4  '3  '8  '1  '2  is  a  dual  number  of  the  descending  branch,  composed  of  the  same  num- 
ber of  dual  digits ;  for  the  2,  to  the  left  of  the  arrow,  which  in  this  case  points  up,  is  a  coefficient  .- 

j,  6,  5,  3,  8,  0,  '7  '6  '6  is  a  mixed  dual  number,  the  first  four  digits  being  of  the  ascending 
branch,  and  the  last  three  of  the  descending.  2  J,  '1  4,  '2  2'  2,  '3  '4  '5  is  a  dual  number  in  the 
lowest  terms,  because  the  first  digit  does  not  exceed  3,  and  none  of  the  other  digits  exceeds  5  ;  all 
natural  or  common  numbers  may  be  readily  reduced  to  dual  numbers  of  the  last  form. 

The  natural  number  1-869  =  j  6,  5,  3,  7,  9,  2,  3,  3, ;  1-869  =  2  f  '0  '6  7  '4  '3  '8  '1  '2; 
=  |  6,  5,  3,  8,  0,  '7  '6  '6 ;  =  2  J,  '1  4,  '2  '2  2,  '3  '4  '5 ;  and  =  a  vast  number  of  other  dual  numbers. 
The  dual  logarithm  of  a  is  written  j,  (a),  the  dual  logarithm  of  2  or  j,  (2)  =  69314718,  which 
is  a  whole  number. 

\,  (1-869)  =  62540354,  and  each  dual  number  which  represents  1-869  may  be  instantly  rodurrd 
to  the  same  dual  logarithm,  namely,  62540354.  These  observations  apply  to  all  numbers  generally. 
Without  the  use  of  tables,  in  a  variety  of  ways,  and  under  different  circumstances,  Byrne  in  his 
works  has  shown  by  easy,  independent,  and  direct  processes,  how  any  two  of  the  three  corresponding 

(NATUBAL  NUMBER)  ;  (DUAL  NUMBER)  ;  (Dual  Logarithm)  ; 

may  be  found,  the  remaining  one  being  given. 

ALLOYS.    FE.,  Alliages ;  GEB.,  Legirungen  ;  ITAL.,  Leghe ;  SPAN.,  Jileacion. 

ALLOYS,  METALLIC  ;  employed  in  the  mechanical  and  useful  arts. 

Every  metallic  alloy,  as  regards  utility,  may  be  considered  a  new  species  of  metal,  because  the 
qualities  of  the  constituents  are  in  most  cases  not  recognized  again  in  the  compound ;  the  compound 
in  such  cases  shows  properties  which  do  not  belong  to  the  simple  metals,  and  which  cannot  be 
determined  by  theoretical  speculations.  By  changing  the  proportions  of  tin  to  copper,  we  obtain 
bronze  of  different  qualities,  varying  extremely  in  colour,  hardness,  and  sound.  A  few  per  cent,  of 
tin  causes  copper  to  be  hard  and  more  tenacious.  The  addition  of  a  little  lead  causes  brass  to  bo 
more  ductile,  while  a  large  addition  makes  it  brittle.  We  shall  not  here  enter  fully  into  the  peculi- 
arities of  alloys,  as  these  peculiarities  are  given  in  our  articles  on  particular  metals  employed  in  the 
mechanical  and  useful  arts.  Metallic  elements  do  not  at  first  sight  appear  to  combine  in  certain 
ratios  and  form  definite  compounds  ;  still  it  cannot  be  denied  that  some  metals  do ;  and  we  are 
justified,  by  the  general  law  of  affinity,  in  assuming  that  all  metals  combine  chemically.  We 
succeed  always  in  melting  various  metals  together,  but  we  do  not  very  often  succeed  in  separating 
the  excess  of  any  one  or  more  metals  in  the  alloy,  or  the  refractory  nature  of  another.  As  a 
general  rule,  we  may  state  that  all  the  metals  which  form  alkalies  have  a  particular  tendency  to 
unite  with  those  which  form  acids.  Potassium  combines  readily  with  antimony  and  arsenic,  more  so 
than  other  metals.  In  considering  the  nature  of  protoxides  in  their  chemical  relations,  we  may  suc- 
cessfully form  a  series  in  which  the  ability  of  metals  to  combine  is  represented. 

This  accounts  for  the  peculiarities  of  the  alloys  of  selenium,  arsenic,  antimony,  and  tellurium  : 
which  resemble  very  much  the  combinations  of  metal  and  sulphur,  or  phosphorus,  or  chlorine.  All 
these  substances  form  acids  in  their  most  simple  combination  with  oxygen.  Alloys  and  compounds 
of  this  kind  are  peculiarly  inclined  to  be  brittle  and  fusible.  When  two  metals  are  near  in  the 
series  of  affinities  for  oxygen,  they  do  not  combine  very  readily ;  and  they  may  often  be  separated 
by  crystallization  only,  when  their  degree  of  fusibility  is  sufficiently  distinct.  This  happens  when 
both  metals  absorb  the  same,  or  nearly  the  same,  quantity  of  oxygen  in  forming  oxide.  All 
chemical  combinations  liberate  heat ;  silver  and  platinum,  when  melted  together,  produce  a  high 
temperature;  so  do  zinc  and  copper.  In  most  cases,  we  obtain  a  mere  mechanical  mixture  of 
metals  in  an  alloy ;  this  is  always  characterized  by  forming  distinct  crystals  with  one  metal, 
between  which  the  other  is  visible.  When  an  alloy  is  formed  which  contains  equivalents,  no  such 
disconnected  crystals  are  observed.  An  irregularly  composed  alloy  is  a  mere  mechanical  mixture, 
like  wax  and  fat,  and  never  forms  a  uniform  body  of  metal ;  it  is  of  either  a  granulated  or  crystal- 
lized texture,  the  latter  of  which  is  not  compact.  Between  the  crystals  of  such  an  alloy,  one  of  the 
metals  is  always  found  in  a  nearly  pure  condition.  The  alloy  of  iron  and  silver,  in  which  the  silver 
is  mechanically  enclosed  between  the  crystals  of  iron,  is  an  instance  of  these  compounds. 

Lead  and  tin  combine  in  certain  proportions,  and  whatever  excess  there  may  be  of  either  metal, 
it  is  enclosed  between  the  crystals  of  the  alloy.  The  same  is  the  case  with  zinc  and  tin,  bismuth  and 
tin — and,  in  fact,  with  all  other  metals.  The  number  of  definite  compounds  appears  to  be  very 
large,  and  in  all  cases  a  metal  is  never  obtained  pure  whenever  another  is  present.  In  cooling  a 
melted  alloy,  that  composition  which  is  most  refractory  crystallizes  first ;  and  that  which  is  most 
fluid  is  compelled  to  occupy  the  spaces  between  the  crystals  of  the  most  refractory.  Thus,  copper 
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and  tin  are  very  fusible ;  but  in  cooling,  copper-tin  crystallize  first,  and  tin-comer  1ert     srh*A 
latter  occupies  the  spaces  between  the  first.    Iron  and  an*  me  are  Terr  fnWbleTbat  ia  eeol 
iron-arsenic  crystalli/es  first,  and  areenic-iron  last;  the  surface  of  the  i-~J-» —- — -» 


network  of  bright  lines,  in  regular  forms.    In  all  these  compounds  the  first  ervrtallittd  a 

alloy,  contains  some  of  the  latter,  and  the  latter  M.MI.  .,f  tin-  tirrt. 


. 

a  bar  of  cold  lead  is  held  in  im-n-ury.  the  first  absorbs  same  of  the  latter 
its  body  ;  the  pores  of  the  lead  are  tilled  w  itli  mercury—  but  the  mercury  in  this  ease  «"" 
as  well  as  the  lead  mercury.     When  iron  is  gently'heat.xl  imU-ddnl  in  carbon,  a«  u  the  ca«< 
making  blistered  steel,  the  carbon  penetrates  the  very  ,  '  but  no  tan  is 

imparted  to  the  carbon,  because  its  particles  are  not  "mo\»ble.     My  J!W»M>  »^\  rfmifrtf  n^sai  jfct 
pores  of  a  refractory,  solid  metal.  may  be  tilled  with  mioth.-r  ui.  t»l.  j.r'..\i.l..l  th.  i,t.  .-.„  ,  t  t:..  "MI,', 
are  movable.    Lead  does  not  readily  combine  with  in>n.  hut  if  we  heat  wronght-iron  taraina  fe 
melted  lead,  the  solid  iron  will  absorb  lead.    Gray  cast-iron  will  not  ab*>rb  !•  ml.  ).<*UM>  itspnree 
are  filled  with  carbon.    Borings  of  cast-iron  absorb  arsenic  readily,  when  *"»*fHtii  in  araeaJoM 
acid  and  heated  ;  but  wrought-iron  does  not  absorb  arsenic  by  then  *****  until  carbon  b  browrht  I 
into  contact  with  these  substances.    In  properly  applying  these  rules,  we  may  form  alloy*  of  the  * 
most  heterogeneous  metals,  and  in  regular  proportions. 

It  is  extremely  ditlicult  to  form  a  definite  compound  of  zinc  and  cnpjn  r.  r>r  tin  and  copper;  * 
if  we  take  cither  the  oxides  of  all  these  metals,  or  the  oxide  of  any  one.  nnd  the  mrtaf  in  I 
particles,  and  imbed  the  whole  in  carbon  —  heatin,-  it  M>  as  i,.  t  t»  im  It  it.  although  hfsaejl 
in  :ir  its  iia  'Iting  point  —  and  then  apply  the  heat  gradually  and  slowly,  we  are  enabled  ID  ._ 
•  lelmite  compounds.  which  may  be  melted  by  a  lieut  w  hieh  does  not  evaporate  either  the  one  or  UM 
other  metal.    We  shall  point  out  the  formation  of  alloys  by  metals  in  other  articles,  bat  we  wish 
to  draw  the  attention  to  these  facts,  because  it  is  often  very  difficult  to  form  an  alloy  of  a 
composition.    Yet  as  these  alloys  are  the  most  valuable,  we  refer  to  the  above  mode  of 
them. 

Fusibility  of  Alleys.  —  Alloys  are  more  fusible  than  the  mean  temperature  at  which  the 
melt  singly  would  indicate.    This  is  a  very  important  law  in  our  investigations,  and  aflbrds.  when 
properly  applied,  the  most  valuable  results.    When  tin  melts  at  500°,  and  pure  copper  at  SSMT, 

".".nil    ..-    .".mi 

equal  parts  of  copper  and  tin  do  not  melt  at  —  —  --  =  1500°,  but  at  a  lower  heat. 


and  also  chromium,  are  infusible  in  our  furnaces,  but  may  be  made  very  fusible  by  the  addition  of 
arsenic.  Pure  iron  is  extremely  refractory,  but  when  combined  with  anx-nic  and  phosphorus,  it 
may  be  melted  in  a  cast-iron  pot,  without  adhering  to  it.  Thus,  when  mi  alloy  of  two  metal*  ie 
fusible  at  a  lower  heat  than  the  mean  of  the  two,  a  roiii|...-iti.ni  of  thr<  r  metal.*  i*  still  more  fesible 
than  their  various  degrees  of  melting  indicate;  and  by  multiplying  the  number  of  component 
parts,  a  low  degree  of  fusibility  of  any  metal  may  bo  obtained.  If  the  composition  is  accorainsr  to 
the  laws  of  chemical  affinity,  the  melting  point  is  lowest.  In  all  cases  of  practice  we  must  revet 
on  the  application  of  the  metal  before  we  form  an  alloy,  the  obj.-ct  of  which  u  to  facilitate  the 
smelting  operation.  If  phosphorus  causes  iron  to  be  very  fii-iMe.  and  coal,  flux,  and  labour,  nay  be 
.-:i\i  a  in  smelting  bog  ores  which  contain  phosphorus,  the  first  inquiry  most  be  whether  the  cold- 
ahort  iron  thus  obtained  is  of  any  value. 

Arsenic  and  zinc  cause  lead  and  silver  ores  to  be  easily  melted,  but  the  loss  in  sflrer  by  thb 
operation  is  so  great  as  to  make  it  desirable  to  remove  these  volatile  metals  before  any 
is  entered  upon.    We  may  flux  copper  by  arsenic,  but  not  by  load,  beoaoM  we  can  m 
first  in  refining,  but  not  the  latter  sufficiently  to  form  a  good  quality  of  eopper  tat 
Arsenic,  lead.  or  zinc  may  be  in  iron  which  is  destined  for  wrought-iron,  for  these  sag 
easily  removed  in  the  refining  process.    It  is  always  more  safe  in  sn>< 

gold  is  very  volatile  and 


•  pi  r.  or  .-ilvi  r  present,  and  if  possible  all  of  them ;  for  gold  is  very  ' 
divisible,  hence  much  of  it  may  bo  lost  when  no  other  m<tnU  which  act  by  their 

t.  Lead  fuses  at  600°,  tin  at  500°,  and  bismuth  at  400  :  but  a  cnmpndUon  of  the 
may  be  made  which  melts  at  212'.  a  heat  far  IM  low  the  m.->t  fu>.il>lc  of  the  ingredient*.  Thlei 
how  great  the  advantages  are  which  may  !«•  obtained  by  forming  alloy*  in  the  enrltins;  fur 
It  is  the  dogm!  of  fusibility  of  the  «lagH  and  tlmt  t.f  the' met,, 

hineltin^.     Til.-  number  of  alloys  is  intinite.    We  cannot  crtabluh  teMee  of  fu*ibility  a  fri~* l 
.u-t  be  detennin.-d  by  pnictie,-.    In  all  smelting  operations  it  is  necessary  to  find  the  n»« 
profitable  conditions  by  exp<-rimeiit. 

.  If  an  alloy  is  more  fusible  than  a  single  metal,  it  follows  that,  wh«i  one  or  the  other  eon- 
stitucnt  is  removed,  the  fu.iibilty  of  the  im  tnl  i-  iiu|mired.  An  alloy  of  lead  and  anenie  ie  nwt* 
fusible  tlmii  pure  l.M.l;  but  when  the  ui:  -«<1  to  beat  for  a  long  time,  ereanie  wttl  etap>» 

rate ;  and  as  it  was  the  cause  of  fluidity,  the  lead  will  not  be  so  fusible  after  losing  Heto.^  M 

cli-  fu.-ible  by  tli"  pr.-sence  of  carlion  or  other  Mibstancea,  but  when  these  are  resserssH 
very  refractory,  and  can  hardly  b«-  melt.-*!.     t'j--n  thin  princinlo  the  fcmation of  •liltfhlB 


founded;  uml  in  upplyin::  it  t"  otin-r  metals  there  Is  no  doubt  but  MtmUr  r«- 

Tin  is  nliii'.l  by  oxMudng  or  «  vii]M.niting  Milphur.  arsenic,  and  other  matter;  thU  eansiw  I 

to  be  less  fusible,  but  more  temiriou*.     When  sine  ia  mrltrd  in  an  Iron  put,  ami  rxp«*»d  * 

air,  it  forms  dross  on  its  surface,  like  other  metals :  iU  fluidity  is  moiwqti. 

malleability  is  impro\,d.     A  •  •-  still  better,  a  layer  of  i 

bone  ashes,  prevents  mieh  ph« jiometia  with  /inc  ntxl  nimilnr  mrtals. 

'i-arit;/.— Win -n  metal!*  an-  i  •  thor  and  form  an  elloy,jhere  fa 

remarkable  change  in  their  specific  gravity  :  which  it  mnetimM  (Teeter  and  I 
than  the  n.  iion  of  volume  is  manifested  in  netting  together  fl 

specific,  gravity  of  the  compound  is  preak-r  than  the  rn.-nn  of  Uw  eoikrtitarnto jcn* 

'  Mimth  :  hilvi-r  ciHiibined  with  eopp«''.  K««l.  tin,  blseiMn,  M 


condense,  or  gold  with  lead  or  bismuth  : 

or  antimony  shrinks ;  also  copper  with  tin.  xino,  or  antimony;  lead  with 
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mercury  with  tin  or  lead,  bismuth  or  antimony.  An  expansion  takes  place  when  gold  is  melted 
with  copper,  iron,  or  tin  ;  also  platinum  with  copper ;  iron  with  antimony,  bismuth,  or  tin  ;  also 
copper  and  lead  ;  tin  and  zinc,  lead  or  antimony  ;  zinc  and  antimony,  and  mercury  with  bismuth. 
In  consequence  of  this  contraction  or  expansion  we  are  justified  in  assuming  a  similar  change  in 
the  aggregate  form. 

The  /Mi-dness  of  alloys  is  generally  greater  than  may  be  inferred  from  the  nature  of  the  consti- 
tuents ;  still  there  are  exceptions  to  this  rule.  Silver  or  arsenic  renders  iron  hard ;  but  these  metals 
are  soft  by  themselves :  copper  and  tin,  two  very  soft  metals,  may  be  made  extremely  hard  by 
melting  them  together  in  certain  proportions.  Hard  zinc  and  copper  make  soft  brass,  and  a  corn- 
pound  of  load  and  iron  is  extremely  soft.  Antimony  causes  all  metals  to  become  hard;  iron,  with 
a  little  antimony,  cuts  glass  very  readily,  but  is  very  brittle. 

The  ductility  of  alloys  is  in  some  cases  greater  than  the  elements  indicate  ;  that  of  lead  and 
zinc  is  very  tenacious.  In  most  instances  the  alloy  is  more  brittle  than  the  original  metals.  Lead 

iand  antimony  is  very  brittle.  Two  or  more  brittle  metals  melted  together  are  always  brittle.  A 
compound  of  lead  and  gold  is  very  brittle.  There  is  no  precise  limit  at  which  we  know  wlim 
brittle  or  malleable  alloys  are  formed ;  it  is  necessary  to  find  this  by  practice ;  but  there  are  strong 
indications  that  the  alloy  of  an  equivalent  composition  is  always  harder  than  a  mere  mechanical 
mixture  of  metals.  Any  alloy,  when  slowly  heated  and  gradually  cooled — annealed — is  softer 
than  a  compound  which  is  suddenly  chilled.  In  annealing,  the  various  elements  which  are  in 
combination  endeavour  to  separate.  Heat  here,  as  everywhere,  weakens  affinity.  This  causes  a 
finely  crystallized,  or  a  granulated  fracture ;  the  component  particles  endeavour  to  assume  a  round 
form.  When  a  hot  alloy  is  suddenly  chilled,  the  particles  of  which  it  is  composed  contract 
suddenly,  and  form  a  close,  compact  body ;  at  least  the  ultimate  crystals  are  condensed  into  the 
smallest  space,  which  causes  them  to  be  hard.  This  is  most  strikingly  exemplified  in  some 
kinds  of  iron. 

Any  kind  of  iron  hi  market  may  be  considered  an  alloy ;  there  is  no  such  thing  as  pure  iron. 
Some  wrought-iron  contains  much  foreign  matter,  and  still  is  soft  as  lead,  and  fibrous.  If  such  iron 
is  heated  to  a  certain  degree,  that  is,  beyond  the  degree  at  which  it  has  been  manufactured,  it 
becomes  cast-iron,  is  brittle,  and  when  suddenly  chilled  becomes  hard,  similar  to  steel.  Such 
iron  may  be  annealed  and  softened  like  steel,  or  any  other  alloy.  The  hardness  of  an  alloy 
is  therefore  less  dependent  upon  its  composition  than  upon  the  arrangement  and  form  of  the 
ultimate  particles. 

Oxidation. — Alloys  oxidize  more  rapidly  than  single  metals ;  to  this  rule  there  are,  however, 
remarkable  exceptions.  Hardened  or  crystallized  metal  oxidizes  more  rapidly  than  tempered  or 
annealed  metal,  which  is  most  strikingly  exemplified  in  iron  and  steel.  It  appears  that  metals 
expand  on  being  suddenly  chilled.  The  spaces  thus  formed  between  the  crystals  are  fissures  into 
which  oxygen  may  penetrate  with  facility ;  and  as  the  crystallized  form  of  the  particles  affords 
much  surface  for  combination,  an  oxidation  is  readily  effected.  An  alloy  of  antimony  and  iron,  two 
metals  which  are  remarkable  for  crystallization,  oxidizes  very  readily ;  such  an  alloy  may  be 
ignited  by  mere  filing,  particularly  when  it  is  a  little  heated  previously  to  that  operation. 
Chrome  and  lead  act  in  a  similar  manner.  Antimony  and  potassium  burn  spontaneously,  and  if  a 
little  warm,  with  explosion.  An  alloy  of  tin  and  lead — soft  solder — burns  with  a  vividness 
equal  to  carbon,  and  if  some  zinc  is  present  only  a  low  heat  is  required  to  ignite  the  mixture. 

An  amalgam  of  potassium  and  mercury  is  so  sensitive  to  oxygen  that  the  mercury  is  oxidized  to  a 
high  degree.  In  many  cases,  and  under  peculiar  arrangements,  the  oxidation  is  carried  to  the  highest 
degree :  we  have  seen  that  in  roasting  sulphurets,  phosphurets,  and  other  compounds,  the  metal  is 
always  oxidized  to  the  highest  degree.  The  same  cause  acts  in  both  cases.  When  two  or  more 
metals  are  melted  together,  there  is  a  perfect  penetration  of  the  one  by  the  other.  In  heating  the 
mass,  the  tendency  to  separation  is  augmented,  and  as  the  ultimate  particles  of  one  metal  cannot 
congregate  and  form  large  particles,  they  are  exposed  to  the  action  of  oxygen  in  their  minutest 
form,  and  consequently  will  combine  with  the  largest  quantity  of  oxygen.  If  one  kind  of  metal 
is  more  oxidizable  than  the  other,  or  if  the  mass  is  porous,  the  oxidation  goes  on,  not  only  faster, 
but  must  proceed  to  the  highest  degree,  because  the  atoms  of  metal  may  be  attacked  by  oxygen 
on  all  sides.  While  some  alloys  are  easily  oxidized,  others  resist  that  influence  more  than  pure 
metals. 

Pure  iron  is  very  easily  oxidized,  and  often  throughout,  when  in  heavy  masses.  It  has  been 
found  that  a  lot  of  bloom  four  inches  thick,  of  puddled  iron,  was  oxi-lized  in  a  reheating  furnace  by 
giving  merely  a  drawing  heat  to  such  a  degree,  that  when  drawn  out  between  rollers  into  bars, 
these  were  found  to  be  converted  partly  into  magnetic  and  partly  into  protoxide  of  iron.  This  iron 
was  puddled  under  the  influence  of  a  cinder  highly  charged  with  chlorides.  Metals  are  porous, 
and  easily  penetrated  by  other  matter.  Thus,  water  enters  successfully  into  the  body  of  cast  or 
wrought  iron ;  and  if  a  metal  is  present,  or  any  other  substance  which  decomposes  water,  the  iron 
is  easily  oxidized.  We  find,  when  carbon  is  present,  that  oxygen  has  little  effect  on  iron ;  but 
when  any  of  those  substances  which  form  acids,  such  as  arsenic,  antimony,  or  sulphur,  are 
combined  with  the  metal,  it  is  an  easy  prey  to  oxygen.  An  alloy  of  chromium  and  iron  resists 
oxygen  as  well  as  gold ;  and  phosphuret  of  copper  is  not  so  easily  affected  as  pure  copper.  Bronze 
will  resist  the  influence  of  oxygen  much  longer  than  pure  copper. 

It  appears  that  the  degree  of  affinity  has  less  influence  on  the  oxidation  of  metals  than 
the  aggregate  form  of  their  particles  and  the  strength  of  their  union.  Hardened  steel  oxidizes 
more  readily  than  annealed  steel,  and  chilled  cast-iron  more  BO  than  gray  cast-iron.  Hammered  or 
rolled  lead  is  less  penetrable  by  mercury  than  cast  lead.  German  silver,  which  is  composed 
of  oxidizable  metals,  is  little  affected  by  oxygen,  and  less  so  when  rolled  than  when  cast.  Copper 
has  a  strong  affinity  for  sulphur,  and  is  more  readily  attacked  by  it  than  iron,  when  finely  divided; 
yet,  when  in  a  compact  body,  it  will  resist  that  substance  far  more  successfully  than  iron.  Some 
kinds  of  brass  are  remarkably  liable  to  oxidation,  while  others  resist  it  more  effectually.  A 
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surface  of  metal,  which  is  highly  polished,  and  particularly  when  polished  by  robbing  it  with  a 
hard  substance,  is  far  less  subject  to  oxidation  than  a  rough  surface.  If  it  is  iWjt^htft  to  re*i*t 
oxidation,  or  in  fact  the  influence  of  any  other  matter  upon  metal,  those  alloy*  moat  be  formed 
which  have  naturally  little  affinity  for  that  particular  substance,  and  which,  in  the  "**«n  IIBM, 
form  the  most  intimate  union,  so  that  the  penetration  of  !'..r.-i_-n  matt-  r  into  the  body  of  the  metal 
is  prevented.  It  is  not  the  compactness  of  zinc  or  lead  which  prevent*  their  oxidation  iu  the 
atmosphere;  it  is  the  cover  of  oxide,  which  forms  a  clone  body,  and  prevent*  the  further 
penetration  of  oxygen.  We  may  assert  that  the  density  of  gold  and  silver  ha*  a*  much  influence  in 
preventing  their  oxidation  as  their  want  of  affinity  for  oxygen.  Affinity  between  the  mittalt  of  an 
alloy  has,  iu  consequence  of  an  intimate  union,  a  large  share  in  preventing  oxidation. 

Iron  is  easily  oxidized,  but  it  is  less  Mil.j>-.-t  to  that'  influence  when  combined   with  pi**- 
phorus.  than  when  alloyed  with  silver  or  gold,  particularly  the  former:    thi»  i*  rhirfly  broaiue 
silver  has  but  little  affinity  for  it,  and  is  thus  excluded  from  its  crystals,  and  forms  a  layer 
|.,'t\\,.i-n   them.     There  is  a  separation;    oxygen   finds  access,  and  a  rapid  action 
consequence.     Carbon  protects  iron  successfully,  not  in  conscqin  mv  «f  iu  greater  or  lea*  affinity 
for  oxyuvit  or  iron,  but  chiefly  on  account  of  its  form.      Carbon   i*  enurtic,  and  will    i 
spaces  between  the  particles  of  metal.     When   -ray   <>r  white  cast-iron  contain*  five  or  *ix  per 
cent,  of  carbon,  the  latter  will  form  a  body,  when  liberated,  which  cannot  be  eondenard  ii,t-> 
the  .-ai ue  space  again  by  any  mechanical    means;    and   even  in  the  form  graphite  it  orrnpie* 
nearly  the  space  of  the  iron.    "Still,  cast-iron  is  porous.    All  substance*  foreign  to  iron,  which  an» 
contained  in  the  finest  kind  of  cast  steel,  cannot,  when  lilx-rub-d.  be  condensed  into  the  i 
which  they  occupied  in  the  steel :  and  such  steel,  when  glass  hard,  U  very  porou* ,  then  it  not  i 
cohesion  between  its  particles ;  it  is  brittle. 

Component  Elements  of  Metallic  Alloys  in  General  Oar. 

Yellow  brass,  2  parts  copper,  1  zinc.    Rolled  brass,  32  parts  copper.  10  sine  1  •  5  tin. 

Brass — casting,  common,  20  parts  copper,  1'25  zinc,  2'5  tin. 

Hard  brass,  for  casting,  25  parts  copper,  2  zinc,  4'5  tin. 

Gun-metal,  8  parts  copper,  1  tin. 

Copper  flanges  for  pipes,  i)  parts  copper,  1  zinc,  0-26  tin. 

Brass  that  bears  soldering  well,  2  parts  copper.  0'75  zinc. 

Muntz's  metal,  which  can  be  rolled  and  worked  at  red  heat,  0  part*  copper,  4  tine. 

Statuary  metal,  91'4  parts  copper,  5-53  zinc.  1  -7  tin,  1'37  lend. 

German  silver, 20  parts  copper,  15'8  nickel.  12'7  zinc.  1  -.'{ iron. 

Friek's  (irriuan  silver,  53-39  jmrts copper,  17'4  nickel,  13  /inc. 

Metal  for  medals,  100  parts  copper,  8  zinc.  Pinrhback,  5  parts  cop|irr.  1  line. 

Chinese  silver,  65'2  parts  copper,  19-5  zinc,  13  nickel,  2  5  silver,  and  12  cobalt  of  iron 

Britannia  metal,  1  part  zinc,  1  antimony  \  j    .       2  ^j^y   i  bjM»uth. 

When  fused  add  1  antimony,  1  bismuth    ) 

Aich's  nift<tl.  an  alloy  of  iron,  copper,  and  zinc,  called  also  sterro  m> -tal. 

I'.ab bit's  anti-atrition  metal,  25  parts  tin,  2  antimony,  0'5  cop|M-r. 

Bell-metal  for  large  bells,  3  jwirts  copjicr.  1  tin;  for  small  IK-US,  4  part* copper.  I  tin. 

Newton's  fusible  alloy,  3  parts  bismuth.  5  lead,  3  tin  :  melts  at  2TJ 

Rose's  fusible  alloy,  2  jwrts  bismuth.  1  lead.  1  tin ;  melts  at  201". 

Very  fusible  alloy,"  5  parts  bismuth,  3  lead,  2  tin ;  melts  at  1 

X,l,lers.— Tin  solder,  coarse,  1  part  tin.  3  lead :  ordinary  tin  solder.  2  tin,  1  lead  ;  melt* 
and  :;t;o    respectively.     Soft  spelter-solder,  for  common  brass-work.  1  |«rt  oopprr.  1 
M,,lt.T-~,ld..r  for  ir,,n.  2  parts  cop],,  r.  1   /in.-.     S-Id.-r  lor  M,,  1.    IU  part*  aim.  8 

Sold,  r  for  tine  Imiss-work.  1  par*  «'lv''r-  »  nWr-  s  '^  ,IJB7h?£     « Ti      1 1     '"i 

!    :5  tin.    IVwtcnTs'  common  n-M.-r.  1  l»irt  bismuth,  1  lead,  2  tin.    GoM  m.  .ler.  .M  |*r 
r.  1  copper.     Hard  silver-solder,  4  parts  silver,  1  copper.    Soft  .Uver-wldur,  2  part* 

1  brass- wire. 

Fusibility  of  Alloyi. 


ParU  Tin.    P»rU  Le»d.    P»rU  Bismuth. 


5 
2 
8 
8 
8 
8 
4 
5 
1 

Tin  melts  at  442". 


Mrlu  at 

Pmru  Tin. 

lit 

4 

100*78 

4 

202 

1 

•202 

45  3 

•jn-, 

3 

226 

2 

Ml 

8 

245 

1 

254 

r.    Bumuth  at  490°. 

PartoLnd.    Pmru 


4 

4 

1 

54  « 


2 

1 

3 
LeadateOtT. 


,.. 

IN 

m 

• 
. 

.•  • 

•• 

.  ... 


Specific  J/eat  of  Variuu 


Water  

1-0000 

Olnw     ..      . 

•1770 

i 

Hydrogen    .. 

Steam    

Nitrogen      .. 
Air       

3-2936 

•817(1 

•MM 

In»n 

(  'opJMT     .. 

rii,>->phorn*  . 
/inc 

DM  • 
1880 

om 

1  HI 

I'Ulinom 

" 

Oxygen 
Carbonic  Acid   . 

•2210 

Ali-oliol.. 
KtLer     .. 

0700 

Carbon  .. 

- 
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ALUMINUM. 


Ductility  ami  Malleability  of  Metnh. 


Ductile  ami  Malleable 
MeUb 
in  alphabetical  order. 

Brittle  Metals 
in  alphabetical  order. 

Metals  in  order 
of  tbeir 
Wire-drawing  Ductility. 

Metals  in  order 
ot  their 
Lamlnable  Ductility. 

Cadmium. 

Antimony. 

Gold. 

Goid, 

§ar 

Arsenic. 
Bismuth. 

Silver. 
Platinum. 

Silver. 
Copper. 

Iron. 

Cerium. 

Iron. 

Tin. 

Iridium. 

Chromium. 

Copper. 

Platinum. 

Lead. 

Cobalt. 

Zinc. 

l.cad. 

Magnesium. 

Columbiuin. 

Tin. 

/inc. 

Mercury. 

Indium. 

Lead. 

Iron. 

Nickel. 

Manganese. 

Nickel. 

Nickel. 

Osmium. 

Molybdenum. 

Palladium. 

Palladium. 

Palladium. 

Osmium. 

Cadmium. 

(  admium. 

Platinum. 

Rhodium. 

Potassium. 

Tellurium. 

Silver. 

Titanium. 

Sodium. 

Tungsten. 

Tin. 

Uranium. 

Zinc. 

Works  that  treat  of  Metallic  Alloys: — Herve'  (A.),  'Nouvenu  Manuel  complet  des  Alliagt-s 
Metalliques,'  18mo,  Paris,  1839.  '  The  Useful  Metals  and  their  Alloys,"  by  Scoffern,  Truran,  &<•., 
crown  8vo.  1856.  Calvert  (C.)  and  Johnson  (R.),  '  On  the  Relative  Powers  of  Metals  and  Alloys 
to  Conduct  Heat,'  Philosophical  Transactions,  London,  1858.  Calvert  (C.),  'On  the  Specific 
Gravities  of  Alloys,'  Philosophical  Magazine,  London,  1859.  Percy's  (Dr.)  'Metallurgy,'  '2.  vols., 
8vo,  1861-64.  Ziurek  (O.  A.),  '  Technologische  Tabellen  und  Notizen,'  8vo,  Braunschweig,  1863. 
Guettier  (A.),  'Guide  pratique  des  Alliages  Me'talliques,'  fcnp.  8vo,  Paris,  1865.  Overman  (F.), 
'  A  Treatise  on  Metallurgy,'  royal  8vo,  New  York,  1866.  Larkin  (J.),  '  The  Practical  Brass  and 
Iron  Founders'  Guide,'  crown  8vo,  Philadelphia,  1867.  Graham  (W.),  'The  Brassfounders' 
Manual,'  12mo,  1868. 

ALLUVIAL  DEPOSITS.  FR.,  Dtbris  (failuvion;  GER.,  Anschwemmungen ;  ITAL.,  Strati 
d'alluvione ;  SPAN..  Depositos  de  aluvion. 

Alluvial  deposits  are  those  deposits  of  earth,  sand,  gravel,  and  other  transported  matter,  made 
by  rivers,  floods,  and  other  causes  upon  land,  not  permanently  submerged  beneath  the  waters  of 
lakes  or  seas. 

ALUMINUM.    FR.,  Aluminium ;  GER.,  Aluminium  ;  ITAL.,  Ahtminio;  SPAN.,  Aluminio. 

Aluminum  is  the  metallic  base  of  alumina.  This  metal  is  white,  but  with  a  bluish  tinge,  and  is 
remarkable  for  its  resistance  to  oxidation,  and  for  its  lightness,  having  a  specific  <jrarit>/  of  only 
about  2 '6.  The  electrical  indifference  of  this  metal  is  most  striking,  and  its  effects  upon  other 
metals  have  been  extensively  investigated.  Aluminum  is  produced  from  alumina  by  a  peculiar 
smelting  process.  When  pure  alumina,  the  oxide  of  this  metal,  is  mixed  with  finely  pulverized 
carbon,  and  exposed  in  a  porcelain  tube  to  a  red  heat,  and,  in  the  same  time,  chlorine  is  conducted  over 
it,  a  dry  chloride  of  aluminum  is  formed,  accompanied  by  a  vivid  combustion.  When  this  substance  is 
placed  in  a  porcelain  crucible,  upon  whose  bottom  some  pieces  of pure  potassium  are  deposited,  and 
the  crucible  is  well  covered  and  luted,  and  then  gently  heated  over  a  spirit-lamp,  a  reduction  of 
the  alumina  is  performed  by  the  potassium,  with  the  production  of  a  high  heat  at  the  moment  when 
these  two  metals  decompose  each  other.  Here  is  a  reduction  of  one  metal  by  the  other,  as  we  have 
eeen  it  performed  in  reducing  sulphurets. 

This  operation  is,  therefore,  not  confined  to  sulphur,  oxygen,  phosphorus,  and  similar  substances ; 
it  applies  to  all  metals  and  their  combinations,  and  it  requires  nothing  but  a  proper  selection  of  the 
decomposing  substance,  and  the  conditions  under  which  it  may  be  performed.  The  aluminum  thus 
obtained  is  similar  to  the  alkaline  metals ;  it  is  very  refractory,  and  does  not  melt  at  the  heat  of 
melted  cast-iron ;  it  is  hard,  tenacious,  and  not  oxidized  at  common  temperatures,  but  requires  a 
high  red-heat  for  oxidation.  This  metal  has  been  observed,  alloyed  with  iron,  in  Indian  steel,  and 
it  has  been  said  that  the  excellent  qualities  of  that  steel  are  owing  to  its  presence.  Experiments 
which  have  been  made  with  this  view  have  shown  that  iron  combined  with  aluminum  is  remark- 
ably strong.  In  endeavouring  to  combine  aluminum  with  other  metal,  we  are  in  the  same  predica- 
ment as  with  the  alkaline  metals ;  silex  is  reduced  before  alumina  is  affected  by  carbon  ;  and  if  any 
advantages  are  to  be  derived  from  an  alloy  of  this  kind,  eilex  ought  not  to  be  present  at  its  forma- 
tion. The  process  used  at  the  Talyndre  Works  for  the  manufacture  of  alumina  has  been  described 
in  the  Revue  Universelle. 

At  the  Talyndre  Works  they  are  \vorking  a  very  valuable  ore,  furnishing  pure  alumina  by  two 
very  simple  operations,  which  now  renders  the  preparations  of  aluminum  an  actual  metallurgical 
operation  in  the  Ollionelles,  near  Toulon.  Its  average  composition  is — alumina,  60  per  cent. ;  oxide 
of  iron,  25 ;  silica,  3,  and  water  12  per  cent.  =  100.  After  being  pulverized  under  an  edge-runner,  it 
is  mixed  with  soda,  and  heated  in  a  reverberatory  furnace.  The  mass,  although  not  even  aggluti- 
nating, becomes  changed  into  an  aluminnte  of  soda,  and  a  double  silicate  of  soda  and  alumina  is 
obtained,  mixed  with  oxide  of  iron,  silica,  and  a  little  of  the  alumina  which  has  not  reacted.  The  alu- 
minate  of  soda  is  dissolved  out  with  water  (the  impurities  remaining  undissolved),  and  thrown  in  fine 
streams  through  a  current  of  carbonic  acid,  by  which  means  alumina  is  thrown  down,  and  carbonate 
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,  'trJ^1       : 

into  M  u-ates  the  n,u»,..der  IK,,,*  n,.,lVered  l,v  ,  s;,,^tion.    Th7alumoa 

»  ready  for  final  treatment.     The  manufacture  ,,f  tl,,-  .-.In..,,  haa  Wi,  hut  lUtfenSSed 

final  reaction  which  yuMs  the  aluminum  «  ,  IV.  ,-t,,l  in  a  r.  N,  rl*  n.t.-rv  furnace 


,    .  ,-,,     n  a  r.  N,  r*  n.t.-rv    urnace 

chloride  ot  aluminum  and  sodium  is  added  uU.it  A  ,-r  c,,,t.  ,,f  H.lium:  and  U^crrik 
flux      By  this  means  the  metallic  aluminum  is  eoonomicallv  ..n,l  N.,,lilv  pnJneeA. 

To         x,,-    *A«  lAhrideof  Aluminum.-*  mixture  is  nmde  of  nlumi.J  1  and  charcoal  and 

• 


Fig.  Ill  ;  ns  soon  as  the  retort  is  brought  to  a 

dark  red  heat,  a  current  of  dry  chlorine  gas  is 

pa.<.-ed  into  the  retort,  whereby  at  first  water  is 

expelled  from  the  apparatus,  and  soon  after 

vapours  of  chloride  of  aluminum  are  produced 

in  abi.ndnnco.  The  vapours  of  the  chloride  of 

aluminum  are  collected  in  the  bell-jar  F,  which 

is  so  narrow  that  it  soon  gets  raffldently  hot  to 

cause  the  fusion  of  the  chloride  of  aluminum, 

which   j.s  hence  obtained  in  a  COUCH  -it-  ma.-s. 

The  bell-jar,  used  as  a  condenser,  is  fixed   ti- 

the neck  of  the  retort  A  by  means  of  a  funnel  K, 

luted  on  with  fire-clay  mixed  with  chopped 

cow-hair  ;  the  tube  at  the  other  end  of  the  con- 

denser serves  to  carry  off  the  carbonic  oxide 

gas,  which  must  be  ignited  after  the  air  has 

been  entirely  expelled  from  the  apparatus.    In  order  to  prevent  the  neck  of  th.-  r 

chocking  ap,  it  shoidd  not  project  out  of  the  faraaee  man  tin  if»ftrii  in.-hrt.   \\iti,  UK-  hi.i*miu* 

ju.-t  described,  12  Ihs.  of  Chloride  of  aluminum  may  IK-  prepared  tlnilv.     Tl,,.  iilmu.i.um  t«  ..I.Um.U 

trom  tlie  «ilt  known  as  ammonia  alum,  u  double  salt  of  alumina  ami  amntotiin  iu>  I«M«,  both  cow- 

Hned  with  sulphuric  arid;  it  so  hapjit-ns  that,  nt  higher  tempenitun-.s.  U-th   the  •mmntiu.  and 

sulphuric  acid  are  volatile,  and  hence  alumina  is  left  in  a  state  nearly  pure,  if  the 

used  be  pure. 

ALUAI1NUM  BRONZE.     FR.,  Bronze  cT  Aluminium;  Gnt,  Aluminium  bnrnte  ;  ITAL, 
J'alluminio  ;  Hl'AN.,  Uron*  c  <lc  aluminio. 

Aluminum  1-ron/e  is  an  alloy  of  copper  and  aluminum  mixed  in  different  proportion*. 
alloy  lias  a  -.'olden  hue,  and  is  extensively  used  in  the  manufacture  of  cheap  jewellery.  One  hun- 
dred parts  copper  and  ten  parts  aluminum,  measured  by  wei^lmiu-.  wl»  n  combined  form*  a  tery 
durable  alloy,  whirl,  mny  be  forced  and  workeil  in  the  aamo  manner  an  cop|n-r.  Thui  nll..\..'f 
100  c.  to  10  al.,  takes  a  tine  jx-lish  by  bein^'  burnished,  and  is  the  samo  colour  tut  pale  fp4d 
and  5  al.  fonus  an  alloy,  which  takes  a  tine  |*>li»h  by  l-i.nii.-him;  :  it  re»-ml-li«  pom  |ptU  io 
colour,  but  is  loss  durable  than  the  former  alloy  of  100  c.  and  10  al.  Farmer'*  Aluminum  ItroBM 
is  a  mixture  in  which  the  copper  may  vary  from  65  to  80  p-  r  out  »f  the  whole,  and  the  uw,  or 
other  li^ht-col-'Uir.j  metals,  from  35  to  20  jx-r  cent,  of  the  whole  ;  the  aluminum  being  fiun  ^th* 
to  jp.flths  of  the  whole  quantity  of  the  light-coloured  metal*  uaed. 

A  M  A  1  .1  •  A  M  .     FR.,  Am.it.i.in,,-  ;  GKR.,  Amal,jam  ;  ITAU,  Amalyama  ;  SpAK^  Amalgam*. 

An  amiilu'am  is  a  compound  of  mercury  with  t«>me  ..tl,-r  metal,  or  a  native  eompmmd  at 
iii-  -p-iiry  and  silver.  S<>e  AMAUJAM.M  IN.;  MACIIINK.  GOLD  and  SII.VKB. 

AMAI  I;AMA  i  INC    MM  MINK,  .n  .....  /  •  imnimj. 

AMA1.CAMATING  MACHINE.  FB.,  Machine  «  amalgamtr  ;  GDL,  Amilymmir  JCatattar; 
ITAI,.,  M-:'-  'an  i  ]"  i-  iiiniiiijanuire  ;  Bi'Aif.,  Mdquinapara  amalgamor. 

Varn.-y's  aiimltrmimtiiiu'  I«n  is  shown  in  Fig*.  1  TJ.  li:».  114,  115.  118,  117.  118,  110,  IfO. 
FL'.  112  is  a  v-Ttical  .s-cti-.n  of  this  amalpimntor  ;  Fig.  113,  a  plan  of  th«-  parU  l<«i«*th  pan; 
l-'i_-  lit,  elevation  of  th>'  iimalL'amnt-.r  c..iu|,|-  1-  .  Fi/  11.-.  M-  u  »t  :  i  tchnr  of  aatalcamalnr  . 
I-...-  II'-.  vii  -w  --I  on,-  -half  the  lower  diea  with  wood  in  nl,-U  :  Fi_-  117.  \  icw  of  irednr  efafa  of  o»e- 
hull  ot  muller  with  nhocs  attached  ;  Fi-».  118  and  11  '*  «Und  for  gear  on  vertical  ahaA  ;  and  Fig. 
120,  pillow-block  for  the  driving-shaft. 

The  body  of  the  amalgamator  consintfl  of  a  pan  or  tub  A.  Fig*.  1  12  and  114.  with  cnver  B. 
through  wlii-'li  is  an  op.  ninu'  for  the  introduction  ,-i  tin'  pulp  if>  bo  ground  •ml  annlmnaUd  The 


-upi-'i-t  .1  on  Miitai-l-.  framework,  hh--\Mi  in   Fie    li:t.     Fnmi  thr  ceotlv  o^  UM>  pan,  and 

U  Uw   »r  rtl.nl 


from  its  bottom,  to  which  it  is  cast,  aomo  dutanco  aliove  the  eovcr 
till-,  I),  through  the  int-TH-rof  wbi--h  ^  u  h«l<>  pawing  vertically  through  the  pan.  in  order  thai  In* 
shaft  T  may  work  through  it.     (  »n  the  Utt.-m  of  the  pan,  and  •prnral  to  U  by  boltof,  U  fl» 
lower  in  n  !  I-  r  .-,  con.-i.-ting  of  a  cin-ulur  iron-plate  baring  a  round  holed  in  iU  neatre,  eODaidemU/ 
r  than  the  lm.se  of  the  tube  I  >.     This  die  mny.  if  d.  -mired,  be  made  In 


. 
That  f^rtion  of  the  hole  through  the  muller  not  ..vupi.il  by  th.  tube  D,  to  «o  flllfrl 

e  tul*>  to  tin-  rimunferenoe  of  the  mnllrr.    The  <h«»rtrf  « 


as  to  present  a  plain  surliice  fn-m  th 

this  tnuller  is  sonn-whiit  I-  -s  tluin 

tobefill.tl  with  .p-.ick.silv.r. 

Hi/.e.  having  twelve  shoes 

snp|H,sing  a  plate  of  the  diameter  and  thirkneiu  of  tho  lower  mnller  otUobed  to  the 

the  up|>er  one.  and  sawn  into  twelve  equal  part*  on  lince  drawn  from  the 


s  tluin  that  of  the  int.  rn-r  of  the  pan,  by  which  Branca  •pace*'  to  Ml 
.    Al>ove  the  lower  muller  U  the  upper  one  *,  of  lfl»  f^aml  fcra^ag 
<;  the  form  and  relative  poaUiotu  of  wlurh  «ill  »-    uodcrcleal  I 
meter  and  thirkneiu  of  tho  lower  mnller  otUobed  to  the  ^d 

e          .  nto  twelve  equal  part*  on  lince  drawn  from  the  dfMMMNM*  ef  I 

plate  to  the  outside  ..f  the  tnln-  1  >.   Th.-  wiw  miiKt  »U>  IK-  enppoerd  Io  be  b«U  fa 
of  about  forty-five  degrees,  thus  fanning  nulinl  ^n*>vee  from  the  inner  to  the  wrter  «p«w 
Each  shoe  is  fastened  to  the  mulh  r  1-y  n  U-lt.  or  a  *N*&k4n*  rivrl,  ce*4  fart*  II 
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ri voted  into  a  eonnter-sink  on  the  tipper  side  of  the  mnller,  as  shown  at  /,  Fig.  112;  the  bosses  and 
recesses  j,  keep  the  die  in  its  place.  In  the.  lower  muller  are  radial  slots,  similar  to  those  in  the 
upper  one.  These  slots  niuy  bo  cither  inclined  laterally  or  be  made  vertical.  The  slots  in 
the  lower  muller  are  filled  with  wood,  so  as  to  grind  on  its  end,  in  order  that  it  may  be  kept 
slightly  worn,  in  advance  of  the  wear  of  the  die ;  thus  furnishing  a  cavity  for  the  admission  of  pulp 
between  the  surfaces,  by  which  the  grinding  capacity  of  the  machine  is  greatly  increased. 


112. 


113. 


Over  and  around  the  tube  D,  but  not  in  contact  with  it,  is  placed  the  larger  tube  B,  exactly 
perpendicular  to  the  lower  face  of  the  upper  muller,  and  having  around  its  lower  extremity 
the  flange  V,  upon  which  rests  the  ring  A,  which  is  cast  with,  and  forms  a  part  of,  the  upper 
muller.  This  is  connected  with  the  muller  by  means  of  six  curved  arms  i,  two  pairs  of  which 
are  much  nearer  together  than  the  others,  and  the  space  between  them  is  filled  by  a  projection 
from  the  periphery  of  the  flange  V,  for  the  purpose  of  carrying  with  it  the  upper  muller  when  the 
flange  makes  a  revolution.  To  the  shaft  C  is  fastened  the  large  tube  E  by  the  feather  k,  and  set- 
screws  I  in  the  hub  G.  The  shaft  0  passes  through  a  Babbifs  metal  bearing  at  m,  and  through  the 
boss  F  of  the  driving-wheel,  in  which  is  a  feather  sliding  vertically  in  the  shaft.  The  shaft  is 
stepped,  by  the  ordinary  method,  into  the  vertical  sliding-box  H,  which  is  itself  held  in  the  laterally 
adjustable  box  O. 
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raiding  or  towering  the  „,,,„  '  * 


Wt.r. 
it  eau 


Within  the  body  of  tho  pan  are  mwpendod  three  carved  plate*  r.  Pica.  1 12  and  II  '• 

fruni  nciir  tlir  .Miirfare  i.f  th.-  upj*'r  iimllrr  upwards,  ami  «tr  .  fit«t  tbr 

<>t  tin-  pau  nround  to  a  point  near  tho  outride  Of  the  Urge  bom.  oppoeito  that  tram  vbtrk 

ntnrted. 

Tin-  li.w.-r  .••!•_'.  •<  of  tin-  riirvo«l  pint. •-.  nr«'  1« nl  inward*,  an  nlv>wn  at «,  Pte 
Tin'  iniHT  <'II.IH  i>f  tin-  mi  urn  Bccnred  rigi<l)y  t<>  UK   : 

siirn>nii«l  aii.l  .-l.-.'ir  tln>  tuK.  K :  the  «l...lo  being  empeoden  by  a  n«l  »ti««-l 
through  th.  .-,. \iruiid  hond-whccla  J,  >>v  which  it  may  bo  adjiut"!     Tbv nvtor  «•!•  <4  tbr 
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plates  slide  vertically  in  grooves  in  the  projections  t,  cast  upon  the  inner  side  of  the  pan.  The 
operation  of  this  apparatus  is  as  follows : — The  space  a'  about  the  periphery  of  the  lower  muller  is 
filled  with  quicksilver,  aud  the  pan  nearly  filled  with  pulp,  of  the  proper  consistency  to  flow  easily ; 
the  shaft  C  is  now  made  to  revolve  at  a  proper  speed,  from  sixty  to  eighty  revolutions  per  minute, 
by  which  the  upper  muller  is  rotated.  The  pulp  between  the  mullers,  by  means  of  the  centrifugal 
force  developed,  is  made  to  pass  out  through  the  radial  channels  between  the  dies,  as  well  as 
between  the  grinding  surfaces  of  the  upper  and  lower  mullers ;  also  into  and  over  the  quicksilver, 
thereby  causing  amalgamation. 

116.  us. 


117. 


The  outward  motion  of  the  pulp  has  the  effect  of  keeping  the  quicksilver  entirely  away  from 
the  grinding  surface,  thereby  obviating  what  has  often  proved  a  very  serious  difficulty,  the  grinding 
of  the  mercury. 

The  rotation  of  the  upper  mnller  causes  the  pulp  in  the  pan  to  revolve  with  it.  This  current 
is  met  by  the  cuneiform  projections  and  curved  plates,  and  thereby  turned  towards  the  central 
opening  in  the  upper  muller.  The  radial  slots  between  the  shoes,  running  from  the  central  opening 
to  the  outward  one,  allow  currents  of  considerable  size  to  pass  with  great  velocity  ;  and  the  pump 
filling  these  slots,  being  continually  thrown  outwardly,  tends  to  produce  a  vacuum.  By  this  the 
pulp  in  the  body  of  the  pan  is  set  in  motion,  causing  a  rapid  and  abundant  flow  downwards  at  the 
centre,  and  upwards  along  the  inner  surface  of  the  pan.  The  pulp  is  thus  made  to  circulate,  until 
complete  pulverization  of  the  quartz  and  amalgamation  of  the  metals  have  taken  place. 

Reference. — A,  pan  or  tub ;  B,  cover ;  C,  vertical  shaft ;  D,  central  tube ;  E,  exterior  tubes ; 
F,  boss  of  driving-wheel ;  G,  hub  of  outer  tube;  H,  sliding  bearing;  J,  hand-wheels;  O,  adjust- 
able box ;  V,  flange  of  outer  tube ;  a,  lower  muller ;  a',  space  for  mercury ;  6,  upper  muller ;  c,  shoes 
of  muller ;  d,  hole  in  centre  of  lower  muller ;  e,  bolts  securing  lower  muller ;  /,  bolts  securing 
shoe  to  upper  muller ;  A,  ring  on  npper  muller ;  *',  curved  arms  of  muller ;  k,  sliding  key ; 
j,  lugs  to  keep  shoes  in  place  ;  /,  set-screws ;  m,  Babbit's  metal  bearing ;  q,  rings  supporting  curved 
plates ;  r,  curved  plates ;  s,  flanges  of  curved  plates ;  tt  brackets  supporting  plates  ;  w>,  fulcrum  of 
lever ;  a?,  hand-wheel  for  lifting  muller. 

AMALGAMATION  PAN.  FB.,  Cuvette  a  amalgamer ;  GEB.,  Amalgamamir-pfanne ;  ITAL., 
Bacino  per  amalgamare  ;  SPAN.,  Mdquina  para  amalgamar. 

This  pan,  shown  in  Fig.  121,  differs  from  ordinary  pans  which  are  employed  for  the  same  purpose, 
especially  in  the  shape  of  the  bottom.  The  bottom  of  this  pan  is  inclined  towards  the  centre,  and 
is  shaped  like  the  inverted  frustum  of  a  cone,  to  which  the  shoes  are  bolted,  and  the  corresponding 
dies  are  fastened  to  the  bottom  of  this  frustum.  When  the  pulp  is  thrown  in  and  the  Mullers  set  in 
motion,  that  portion  of  the  pulp  which  finds  its  way  between  the  grinding  surfaces  is  thrown 
towards  the  circumference,  from  whence  it  again  descends  to  the  centre  by  gravitation,  and  passes 
between  the  mullers.  A  constant  circulation  is  thus  established  without  the  aid  of  the  curves 
or  wings  employed  in  the  Wheeler  Pan,  which  have  sometimes  been  found  an  impediment  in 
starting  the  machine  after  the  sand  had  become  packed  from  stopping.  The  charge  for  this  pan  is 
about  1400  Ibs.,  and  the  tune  required  for  working  it  is  from  two  to  four  hours.  The  time  varies 
in  accordance  with  the  fineness,  state  of  division,  and  other  characteristics  of  the  pulp.  When  the 
ore  has  been  sufficiently  reduced  and  amalgamated,  the  pulp  is,  after  dilution,  discharged  into  the 
separator,  and  the  amalgamating  pan  immediately  recharged  without  stopping  the  machine.  After 
the  pulp  has  been  run  off  into  the  separator,  it  is  further  thinned  down  with  water  to  such  a 
consistency  as  will  allow  the  mercury  and  amalgam  to  settle,  whilst  it  still  retains  sufficient 
plasticity  to  hold  the  coarser  particles  of  ore  in  suspension  in  water.  If  the  compound  be  in  a 
proper  state  of  dilution,  the  mercury  and  amalgam  will  gradually  precipitate,  and  at  the  same 
time  no  perceptible  difference  will  be  felt  in  the  consistency  of  the  pulp  situated  near  the  bottom 
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ear  the  bottom  of  the 
separator.  This  jwin  usually  makes 
between  fifty  and  sixty  revolutions  a 
minute. 

The  Hepburn  and  Peterson  Pan  is 
much  employed  in  the  r.-duction  esta- 
blishments of  the  Pacific  Coast,  and.  in 
addition  to  being  an  excellent  amalga- 
mator, it  is  also  a  good  grinder ;  but  it 
lias  the  disadvantage  of  requiring  the 
expenditure  of  from  four  to  five  horse- 
power for  efficient  working.  The  charge 
of  the  Wheeler  Pan  is  not  onlv  I.  — 
than  that  of  the  Hepburn  and  Peterson 
Pan,  but  the  grinding  power  of  the 
Wheeler  Pan  is  also  less  considerable. 
See  SII.VKU. 

AMALGAMATING -PAN.      PR., 

Machine  it  itiH>il<jniner ;  GKR.,  Antil/,i- 
mir-pfannc;  ITAL.,  Appinrchio  ;*•/• 
tiiiuifyniiMre  ;  Sl'AN.,  J/u</uwa  JXJAJ  cj;/( //- 

AMAI.OAMATOR,  AttuxxxTs.  In  gold 
mining. 

Alt  wood's  amalgamator  is  shown  in 

I '22,  12;!,  121,  125:  it  is  designed 

re  th.-  -:old  as  it  i.-.-n.-s  IV..MI  the 

.-tamping  mill.     Fig.  122  is  a  sectional 

elevation;    Fig.    12:5,  plan;    Fig.    r_M. 

lower  .n.l  ..f  tyera;  and  Fig.  125,  end' 

In  this  arrangement  Attwood  does 
not    make   use    of    blankets,    but    the 
ground  ore,  issuing  from  the  battery- 
I,  llows  directly  on  to  the  amal- 
gamator    where  it  is  gently  stirred  by  the  action  of  the  cv  linden,  A.  turning  in  the  di 
indicated  by  th-  arrows,  and  then  panes  on  to  a  riffle- U-nrd'  1. 
plates,  where  a  great  i^rtiou  of  the  amalgam,  escaping  from  the  nut-iron  mercury  box<*  ,*, 


IK-  collected.  In  onler  that  the  mercury  in  the  boxec  ondrr  the  rollm  mar  tmt  \\it\mt  loo  «oU, 
MIL I  its  .-, Hinity  for  gold  I..-  thus  rendered  nlugguh,  tbinr  are  oa«t  with  a  doable  bottttt.  thin^Jl 
whi<  h  a  current  of  Hteain  ran  he  made  to  pnMx,  nn.l  «hi.  b  i-  ,  ».il\  ntnilatrd  by  an  ordinary  lap. 

Fn-ni  tl.e  ritlles  It,  thegnHiii.l  materiiil  IHUWOM  into  the  tovCLcf  «hirh  th«  boUoa  b  inrlttvd  at 
ii  con.sj.lemble  an^le,  and  which  i-.  pn.vi.l.il  »t  th-  lower  rod  with  a  *M  ..  f«ir  mmUtiag tiw dvptfl 
of  water  within  it.  '1  his  is  done  by  meatwof  the  rtofMc'.  In  onlrr  In  catch  any  glob«W  of  «D<| 
:,:.,. -..I.-:, 1. 1  or  mercury,  uhieli  may  beoooM  d«-t  .  the  Mfffeee  of  UM  •••Ipaalrf  plalM, 

a  Mnall  ci.,tt  -ni  I>.  running  the  whole  u  i.lth  of  tli<  ritll*  l-«nl.  b  pinvidcd:  to  UU»  M  a*  acttatar  < 
turning  in  the  direction  indi.-:it,  d  bj  the  i»m>w.  and  wlnrh  n.iinljiiitly  I  .  |»  the  bot,  to  the  JtfUl 
of  its  iinns.  t'n  ,  from  a«viiiinilatiiin*,  mi  M  to  form  a  dtpWMloa  towhfefa  the  WHfemrf  a»d  aaal^B 
may  l>o<»ni«  depoxit^l. 

To  iis4-  this  npparitun.  rmt>  of  tho  «tnp(i  <•'  U  placed  in  the  alnt  ••.  ami  Ibc  mill  »UfVJ  to 
the  usual  way;  the  wind  which  ha*  paaaed  thmufch  the  amalpunatnr  nan  nmrtM  IW  *r*- •*^* 
r  portioa«  begin  to  accumulate  behind  the  atop.  »  hiUt  the  liffntor  partkl«  an  eanwa  m  9f 
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the  current.  The  removal  of  the  light  sand  is  facilitated  by  gently  sweeping  the  surface  of  the 
deposit  upwards  against  the  stream  with  a  light  broom,  a  boy  being  stationed  there  for  that 
purpose ;  and  when  the  pyrites  which  is  deposited  accumulates  to  the  height  of  the  top  of  the 
first  stop,  another  is  inserted,  and  the  operation  carried  on  continuously.  When  one  of  the  tyes 
has  been  filled  in  this  way,  the  tongue  E  is  so  turned  as  to  direct  the  sand  and  water  into  the  other, 
which  is  thus  filled  whilst  the  first  is  being  emptied. 

123. 


LJ 


It  is  evident  that  by  this  means  the  pyrites  will  be  collected  in  the  tyes  in  a  very  concentrated 
form,  and  that  the  amount  of  labour  required  is  but  small;  we  have,  however,  never  seen  this 
apparatus  in  operation,  and  are  without  any  precise  data  showing  its  efficiency,  as  compared  with 
the  blankets  and  riffles  now  in  general  use. 

Reference. — A,  agitating  rollers  with  iron  blades;  a,  mercury  troughs;  B,  copper  riffles; 
C  C',  tyes ;  c  c,  apertures  at  bottom  of  tyes ;  cf  c',  stops  for  bottom  of  tyes ;  D,  trough  for  collecting 
mercury  and  amalgam ;  d,  agitator  in  trough ;  E,  tongue  for  directing  course  of  tailings  into  tyes 
C  and  C'. 

AMBULANCE.  FR.,  Ambulance;  GEE.,  Fcldhospital ;  ITAL.,  Ambulanza,  Ospitale  ambulantc  ; 
SPAN.,  Ambitlancia  militar. 

A  variety  of  contrivances  have  been  invented  for  the  conveyance  of  soldiers  wounded  in  battle ; 
the  main  object  of  these  contrivances,  termed  ambulances,  is  to  remove  the  men  with  the  least 
possible  suffering,  and  to  place  them,  consequently,  in  an  easy  position,  consistent  with  the  limited 
space  allotted  for  this  purpose,  or  until  they  can  be  removed  to  an  infirmary  or  military  hospital. 
Fig.  126  represents  a  carriage  designed  to  carry  five  wounded  men;  such  carriages  are  employed 

126. 


in  the  Italian  army,  and  constructed  according  to  directions  given  by  Dr.  Bertani.  The  inside  of 
the  body  of  the  carriage,  Fig.  126,  contains  five  beds,  namely,  two  on  the  side-seats,  which  aro 
placed  lengthwise  in  the  body  of  the  carriage,  and  two  above  these  supported  by  beams  which  are 
fixed  to  iron  pillars  or  supports ;  the  fifth  bed  is  placed  at  the  bottom  of  the  body  of  the  carriage 
between  the  seats.  The  carriage  is  made  to  open  sideways,  so  as  to  give  facility  to  place  the 
wounded  men  on  the  beds,  which  rest  on  flat  steel  springs  that  act  with  ease,  in  consequence  of 
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their  nicely  adjusted  power  of  elasticity.    Tanks,  made  of  zinc,  are  plantd 
the  beds ;  these  tanks  are  fitted  with  suitable  gutta-percha  tubing,  whirl*  eurtt*  off  the 
escape,  to  funnels  which  communicate  with  openings  under  the  carriage 
discharged.    The  upper  beds,  by  means  of  a  suitable  mechanical  oootrivanet 
to  obviate  any  difficulty  that  uitrht  arise  in 
placing  the  men  upon  them  with  ease  and 
rapidity ;  the  beds,  with  the  wounded  men, 
are  replaced  by  the  same  mechanical  con- 
trivance.     The  frame-work  of  the  vehicle 
shown  in  Fig.  126  is  solidly  and  well  built ; 
the  body  is  supported  upon  six  springs  of  the 
best  make;  ventilation  is  amply  provided ; 
and   ureat  care  has  been  taken  to  exclude 
strong  light,  which  might  interfere  with  the 
comfort  of  the  temporary  occupants. 

Fig.  127  is  an  end  view  of  the  carriage 
shown  in  Fig.  126;  the  door  at  the  back  is 
shown  in  Fiir.  127;  it  is  strongly  nmde.  mid 
on  its  inside  there  are  pockets  which  h»M 
1  mules  of  medicine  and  other  necessaries. 
The  driver's  seat  is  constructed  to  carry  three 
persons— two  and  the  driver.  This  convey- 
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waggon  or  carriage  is  abotit  sixty-five  feet  long;  it  is  divided  into  two  parts,  one  of  which  contains 
a  chemist's  shop  and  a  surgery,  together  with  a  small  compartment  for  attendants.  At  the  opposite 
end  there  is  a  small  compartment  for  the  guard  and  breaksman.  The  beds  are  supported  by  strong 
straps  of  vulcanized  india-rubber.  This  ambulance.  Fig.  128,  is  properly  lighted  and  ventilated, 
and,  when  necessary,  it  can  be  heated  by  a  stove.  Fig.  129  is  an  end  view  of  the  carriage  shown 
in  Fig.  128.  Strong  breaks,  similar  to  those  used  on  ordinary  American  railway-carriages,  arc 
applied  to  the  wheels  of  this  ambulance  both  fore  and  aft. 

AMMUNITION.  FK.,  Munition  dc  ijuerre ;  GER.,  Krieys-ammunition  ;  ITAL.,  Mimizione ;  SPAN., 
Municiones  de  guerra. 

See  ORDNANCE.    SMALL-ARMS. 

ANCHOR.     FR.,  Ancre ;  GER.,  Anker ;  ITAL.,  Ancora  ;  SPAN.,  Ancla. 

An  anchor  is  an  instrument  employed  for  obtaining  a  temporary  hold  of  the  ground,  either 
under  water  or  on  land,  but  principally  in  the  former  position.  By  its  use  a  strain  may  be  resisted, 
as  in  the  case  of  the  ship  at  single  anchor,  or  moored ;  or  a  fixed  point  may  be  obtained  on  which 
to  exert  power,  as  in  the  case  of  a  vessel  aground,  the  anchors  of  which,  being  laid  out  at  a  distance, 
enable  her  to  be  hove  off  by  power  exerted  on  board. 

The  shapes  of  anchors  arc  various,  to  fulfil  special  objects.  The  weights  range  from  the 
112-cwt.  anchors  of  the  'Great  Eastern,'  down  to  those  of  the  smallest  yacht;  but  the  proportion  to 
tonnage  now  employed  in  the  Royal  Navy  is  given  in  the  following  Table : — 
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5 
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5 
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4 

4 

3 
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8 
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The  average  appears  to  be  about  ^-^th  part  of  the  tonnage  for  bower  anchors  of  the  larger 
classes  ;  one-third  of  this  for  the  stream,  and  -j»Tth  for  the  kedge. 

Among  solid  anchors  the  best  form  is  that  of  the  British  Admiralty,  shown  in  Fig.  130 ;  it 
consists  of  a  shank  A,  with  two  hooked  arms  E,  E,  termed  flukes,  and  a  stock  B ;  the  shank  A  has  a 
ring  or  shackle  C,  at  the  end.  That  end  of  the  shank  which  is  next  the  stock  is  called  the  small 
round ;  the  point  F,  where  the  arms  and  shank  unite,  is  termed  the  crown ;  and  the  rounded  angle 
at  its  junction  with  the  arms,  the  throat.  The  arms,  for  about  half  their  length,  are  made  either 
round  or  polygonal ;  the  remaining  half  consists  of  three  parts,  namely,  the  blade,  the  palm,  and 
the  bill.  The  blade  or  wrist  is  the  continuation  of  the  arm  towards  the  palm  or  fluke  D,  which  is 
a  broad,  flat,  triangular  plate  of  iron  fixed  on  the  inside  of  the  blade.  The  bill  or  pea  G,  is  the 
extremity  of  the  arm.  I,  I,  are  projections  intended  to  enable  a  wooden  stock  to  be  applied  in  case 
of  necessity.  The  forelock  and  its  chain  are  shown  at  H,  Fig  130. 

Among  hinged  anchors  the  best  forms  are  those  of  the  Porter  or  Trotman,  shown  in  Fig.  131, 
and  the  Martin,  Fig.  132,  which  has  the  peculiarity  of  holding  with  both  flukes. 


The  chief  requisites  of  a  good  anchor  are  solidity,  holding-power,  and  non-liability  to 
"fouling."  Also  the  anchor  must  be. easy  to  "cat"  and  "fish,"  and  certain  to  "bite"  when  a 
strain  is  applied. 

And  here  a  comparison  may  be  useful  between  the  old  form  of  anchor,  as  the  Admiralty  (vide 
sup.)  and  hinged  anchors.  While  one  fluke  of  the  old  form  must  always  be  standing  up  out  of  the 
ground  ready  to  go  through  the  bottom  of  an  iron  ship,  or  to  inflict  serious  damage  on  a  wooden  one, 
and  is  always  likely  to  catch  the  "  bight "  of  the  chain  cable  as  it  is  dragged  round  when  a  gale 
arises  and  the  ship  swings  to  her  anchor,  and  thus  cause  a  foul  anchor,— the  hinged  anchor  has  no 
such  inconvenience,  and  in  the  case  of  Martin's  has  a  far  better  hold  of  the  ground.  Against  this, 
Jn  the  Admiralty  anchor  are  to  be  put  the  solid  advantages  of  superior  strength  and  simplicity. 

A  rude  but  efficient  form  of  four-fluked  anchor  is  made  of  wood  and  stone,  Fig.  133,  and  is 
still  in  use  in  eastern  countries.  The  anchor  of  most  civilized  nations  is  made  of  wrought  iron, 
but  for  this,  as  in  chain  cables,  steel  might  with  advantage  be  substituted.  Since  the  introduction 
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of  chain  cables,  a  great  part  of  the  weight  formerly  considered  necessary  may  he  itispnmal  with.  U 
the  tensile  strength  remains  the  same.  Thia  is  on  •mount  of  tin-  fart  that  the  wight  of  esaia 
lying  on  the  mud  or  ooze  nt  the  bottom  contribute*  no  much  to  hold  the  ship,  that  the  nudy  - 1 
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at  her  anchor"  unless  in  a  heavy  gale.    A  useful  form  of  l:ui<l -anchor  u  that  whet*. 
anchor  of  the  ordinary  type,  posts  of  wood  or  ban  of  iron  are  made  to  do  the 
Fig.  134. 

The  laying  out  of  large  anchors  in  case  of  disaster  at  sen  is  best  accomplished  by  th*  •»  ef  !•«» 
boats  of  similar  size,  between  which  the  anchor  is  slim::.  KL>  135.  A.  A.  mn>  »|mr«  U*hnl  fat*  and 
aft  in  the  boats ;  B,  B,  are  larger  and  shorter  spars,  which  rest  on  A,  A.  and  rapport  the  anchor  hag 
below ;  C,  C,  stock  of  anchor ;  D,  the  anchor. 

Every  man-of-war  has  two  "  bower "  anchors— the  best  and  the  email ;  a  sheet  anrhnr.  mate  tat 
as  the  best  bower ;  a  spare  anchor,  ditto ;  and  a  stream  anchor ;  with  two  or  more  •*  krdtfr "  anrhonof 
smaller  size.  The  two  bower  anchors,  as  their  name  implies,  are  alwnyn  at  the  hnwa,-b«l  !»••? 
starboard  side,  small  bower  port  side,  strum!  t-»  the  >k cat-heads  "  and  "  ftnh-U.lUr.1 ,  "  aheH  uHMT 
starboard  side,  abaft  fore-chains  :  spare  ditto  ditto  port  side :  the  others  as  most  ennvMrieat.  bat  all 
generally  outside  the  ship's  irunwnle,  whore  they  may  easily  be  got  at  in  case  of  necessity.  Tks) 
mushroom  anchor  for  luooriugg  is  shown  in  Fig.  I'M. 

•» 

ir 


Fig  137  reprr.^-ntt  tin  anchor  of  I  '  "T^n  : 

K.  hin--.|  to  the  BTichor-chnnk  H.  by  separate!  . 

,i,n,  ,-(,  <l  l.v  UK  :iim  of  u  H^tfmrnt  <J.  pawinc  through  a  w< 
Th-  auchor  of  K.  Si,,  II.  K,-    13*.  has  four  tmms. «-. ,-,  find  » 
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double  grip  when  the  anchor  is  moved  by  the  cable  along  the  holding-ground.  A  strong  key-bolt 
</,  acts  as  a  hinge  at  the  turning  point;  the  range  of  the  motion  is  limited  by  the  caws  c,  e.  A 
-shackle  /,  is  fixed  at  the  crou  11.  The  horns  c,  c,  cause  the  anchor  to  lie  on  the  ground  in  the  right 
]»ositiou,  and  compel  the  palms  to  penetrate  the  ground  and  take  hold  at  once.  The  use  of  a 
stock  on  the  shank  a,  in  this  anchor  is  dispensed  with.  It  has  great  holding  power,  lightness, 
facility  of  stowage,  non-liability  to  foul,  and  facility  of  withdrawal  from  foul  ground  or  obstructions. 

The  anchor  of  F.  J. 
Latham  is  shown  in  Fig. 
139.  It  consists  of  a  shank 
A,  with  two  flukes,  D, 
pivoted  to  a  stock  li,  which 
vibrate  on  either  side  of 
the  latter  to  an  extent  de- 
termined by  the  contact  of 
a  crown-piece  C,  with  the 
stock. 

The  anchor  of  the  Vic- 
toria Docks,  London,  is  a 
heavy  iron  casting,  resem- 
bling a  sextant  in  form, 
Fig.  140.  The  length  of 
the  curved  p:irt  of  the  back 
is  12  feet,  the  arc  being 
struck  from  the  centre  of 
the  gate  pivot  witli  a  radius 
C,  D,  of  11  feet.  In  conse-  c11 
quence  of  its  great  size  it 
was  cast  in  two  pieces,  \  ^*~~*^^<^S  ™  h^d  firmly  in  place  by  ten  vertical  bolts, 
which  were  bolted  together  ^^^^*^*^^  2  inches  in  diameter,  taking  hold  of  a  mass 

through  the  middle  rib;  it  of  solid  brickwork,  10  feet  thick,  by  means 

of  bed-plates  nearly  70  feet  in  area.  There  are  in  addition  two  long  raking  bolts,  passing  through 
strong  plates,  bedded  further  back  in  the  brickwork  of  the  wall. 

The  anchor  strap,  which  is  of  wrought  iron,  is  7  inches  deep  and  2  inches  in  thickness,  increased 
to  5  inches  in  the  middle  of  the  length.  The  ring  or  upper  axis  of  the  gate  which  it  surrounds  is 
18  inches  in  diameter.  It  is  formed  of  a  piece  of  forged  iron  firmly  riveted  to  a  wrought-iron  plate 
f  of  an  inch  thick,  on  the  top  of  the  gate,  which  is  stiffened  by  additional  gusset-pieces  and  angle- 
irons.  The  strap  is  adjusted  by  means  of  keys ;  and  provision  is  made  for  examining  them  and  the 
strap  with  facility. 

ANCHORS,  CHAIN-CABLES,  AND  HAWSERS  OF  MERCHANT-SHIPS, 
According  to  Lloyd's  Bules. 


SHIP'S 
To«- 

NAUB. 

ANCHORS. 

STrD-CHAIN  CABLES. 

HAWSEKS  AND  WARPS. 

NOMMR. 

WEIGHT. 

Size. 

Proved  to 
Admiralty 
Test. 

Length 

STRKAM 

Hawser. 

War)). 

I-ongth. 

Dower. 

Stream. 

Kedge 

Bowers 
(exclud- 
ing stock). 

Bowers 

vA.lmrlty 
Test.) 

Stream 
(including 
htock). 

Hedge 

(incl..<Ting 
stock). 

2nd  Kedge 
(.including 
st"ck). 

Chain. 

Rope. 

Tom. 

r«t«. 

Tons. 

Cwt». 

CVU. 

Cwts. 

In.  16ths. 

Tons. 

Fatln. 

In.  I'lii- 

In 

In 

In. 

Paths. 

50 

2 

1 

1 

2-25 

4-7 

1-00 

0-50 

0    11 

8-5 

120 

0    7 

5 

3" 

.. 

90 

75 

2 

1 

1 

2-75 

5-2 

1-50 

0-75 

0  12 

10-1 

120 

0    7 

5 

3 

90 

100 

2 

1 

1 

4-00 

6-4 

1-75 

1-00 

0  13 

11-9 

150 

0    8 

5-5 

3 

,  t 

90 

125 

2 

1 

1 

5-25 

7-6 

2-00 

1-00 

0  14 

13-75 

180 

0    8 

5-5 

3-5 

90 

150 

2 

1 

1 

6-00 

8-2 

2-50 

1-25 

0  15 

15-75 

180 

0    9 

6 

4 

90 

175      2 

1 

1 

7-25 

9-5 

2-75 

1-25 

1     0 

18-0 

180 

0    9 

6 

4 

90 

200      3 

1 

1 

8-25 

10-4 

3-00 

1-50 

1     1 

20-3 

180 

0  10 

6-5 

4 

90 

250      3 

1 

2 

10-00 

12-0 

4-75 

2-25  :  1-00 

1     2 

22-75 

210 

0  10 

7     ' 

5 

90 

300      3 

1 

2 

12-00 

13-9 

5-00 

2-50 

1-25 

1     3 

25-5 

210 

0  11 

7-5 

5-5 

90 

350      3 

1 

2 

13-50 

15-2 

6-00 

3-00 

1-50 

1    4 

28-1 

240 

0  11 

7-5 

5-5 

90 

400      3 

1 

2 

15-25 

16-7 

6-50 

3-25 

1-75 

1     5 

31-0 

240 

0  12 

8 

6 

90 

450      3 

1 

2 

16-75 

18-0 

7-00 

3-50 

1-75 

1    6 

34-0 

270 

0  12 

8-5 

6-5 

90 

500 

3 

1 

2 

18-00 

19-0 

8-00 

4-00 

2-00 

1     7 

37-2 

270 

0  13 

9 

7 

90 

600 

3 

J 

2 

21-00 

21-6 

9-00 

4-50 

2-25 

1     8 

40-5 

270 

0  13 

9-5 

7 

4" 

90 

700      3 

1 

2 

23-50 

23-5 

10-00 

5-00 

2-50 

1     9 

44-0 

300 

0  14 

10 

8 

5 

90 

800      3 

1 

2 

25-50 

25-2 

10-50 

5-25 

2-75 

1  10 

47-5 

300 

0  14 

10 

8 

5 

90 

900      3il 

2 

27-75 

2G-9 

11-00 

5-50 

2-75 

1  11 

51-2 

300 

0  15 

10 

9 

5-5 

90 

1000      3         1 

2 

30-00 

28-6 

12-00 

6-00 

3-00 

1  12 

55-1 

300 

0  15 

10 

9 

5-5 

90 

1200      3 

1 

2 

32-00 

30-1 

13-00 

6-50 

3-25 

1  13 

59-1 

300 

1    0 

10 

9-5 

6 

90 

1400      3 

1        2 

34-00 

3.1-6 

13-50 

6-75 

3-25 

1  14 

63-25 

300 

1     0 

10 

10 

6 

90 

1GOO 

3 

1 

2 

36-50 

33-4 

14-00 

7-00 

3-50 

1  15 

67-5 

300 

1    1 

11 

10-5 

6-5 

90 

1800 

3 

1 

2 

38-00 

34-5 

14-50 

7-25 

3-50 

2    0 

72-0 

300 

1   1 

11 

11 

7 

90 

2000 

4        1 

2 

40-00 

35-7 

15-00 

7-50  i  3-75 

2     1 

76-5 

300 

1     2 

11 

11 

7 

90 

2500 

4 

1         2 

42-001  37-1 

17-00 

8-50 

4-25 

2    2 

81-3 

3HO 

1     2     12 

12 

8 

90 

3000 

t          1          2 

45-00    39-2 

19-00 

9-50 

4-75 

2     4 

91-1 

3GO 

1     3 

12 

12 

8 

90 

i 

ANEMOMETER 


61 


Two  of  the  bower  anchors  must  not  »*>  h-ss  than  the  w.  -th  aUfe,  l.ut  in  U*  thinl  a 

reduction  of  15  per  cent,  is  allowed.     All  unchor-sUirka  nni»t  U-  ••(  a.-ki*.wl,,l".xl  and  .... 
dMOtptkn. 

l~n>t  udded  close-link  chains  of  1  inch  in  diameter  ami  under.  u«  admitted  a*  mbln.  if  MOVN! 
to  two-thirds  the  test  required  for  stud-chains.  Hut  in  till  Mi.-h  en***  a  *hurt  length,  but  kwUiui 
lii  links,  must  be  tested  up  to  the  full  strain  for  stud-link  ch:, 

In  cases  whore  parties  are  desirous  of  using  or  »U|  .tnt  of  amaller  *ii»  th^ft  u  a*t  f«*th 

above,  a  reduction  is  allowed  not  exceeding  ^th  of  an  n'l.-li  in  <-huiiin  of  1  inch  to  1)  inch  dttMMfcv; 
and  ith  of  an  inch  in  chains  nt-.vc  H  inch  dtniu.  t.-r.  pr.  u.|.,l  t!..  \  U-  Mihjrtted  to  the  Ailn.ir.lly 
htrain  for  the  size  for  which  tin  y  are  to  bo  suUtitntol ;  nn,l  furth.  r.  llmt  n  f.  «  link*,  Mt  !••  tkui 
twelve,  to  be  selects!  l.y  tin-  t--.-t.-r.  .-hall  IN-  |-r.-\..l  t->  the  l-r.  ukm-  -tn,in.  ami  Aum  *  UHUfitt  at 
at  l--:i.-t  10  per  cent,  beyond  the  Admiralty  proof  for  a  chain  of  the  full  MSB  ivqvtod  by  lite 

Tlll-lr. 

For  steamers  the  anchors  and  c:.Mc.-  will  not  !•••  required  to  exceed,  in  weight  mad  Iriftk,  tJK^» 

of  a  sailing  ves.-el  of  two-tliirds  tlu-ir  total  t.>niiAge. 
A  N  CHOR-TRIPPER,  or  A  N  .  1 1       -  F  i 

. -t  le  faire  tom'ier  dtiiu  Ceau ;  OKI; 


FB.,  Arrangement  mrtamiam*  pom 
\  tckmtllm  Wtfft* 

•ccchio  per  qethtr  Tonoorrt  ;  Sl'AN.,  Aj*ircjo  para  tollttr  et  ancia. 


An  anchor-tripi>or  is  a  device  for  tin-  purj)o«e  of  n-lii-vin^  or  forrinj-  th*  anrhnr  fmw  th- 
or  cat-head.     In  the  anchor-tripper  of  W.  Stiu-y.  Fi^'.  111.  tin-  trip!  tun»  Uw>  I. 

which  holds  the  rinir.  tliu-  j-ennittini:  the  rin_'  t->  .-li-h-  •  iV  it-  -n-jN-ndin-  lunkm.     Aba  h|.- 
the  davit  or  cat-head  :  and  ('  a  rope  ]mssin-_'  tlmxi'.'h  the  block  and  "\.  r  t!.-    -l..\;t  .    K  U  a  nahU1 
hlu-k  over  which  the  rope  passes,  and  (i  isa  l>ela\  inv-pin.     Fi-_r.  I  I.  illu.-tntt.  -  tlie  tnatUMT hi  vbtrli 
the  anchor-tripper  of  K  H.  Heitnmnn  i.s  applie<l  :  A  i-  a  ha»w-pi|M-.  and  B  the  aocRnr.    To  thmw 
the  anchor  oft"  from  the  rail  with  this  tripper,  it  in  only  ncccwary  to  imiw  a  IcTi-r  t>,  which  mte 
u]x>n  the  rail;  when  this  lever  in  rai.-.-d.  l--th  the  shank-jointer  and  the  rinf  •toppet  »n  fanbuiUy 
discharged  by  the  motion  given  to  the  rotating  bar  or  k-  -  p.  r  I),  with  iU  troughs  /,/,  chain  rf,  MM 

hitches  c,  C. 

The  anchor-tripper  of  G.  Ctibson  is  .shown  in  Fi?  143.     This  invention  cnnncU  in  an  fnrminjt  or 
arranging  ui>on  the  upper  edge  and  inner  side  of  the  bulwarks  of  a  veweL,  and  at  or  MAT  Ux 

141. 


-  surface  or  mipport  7. 


tin-  Miid 


ort  7.  *.  for  the  fluke  of  the  nn.-hor.  tlmt  wh«i  d«wirrd.  by  •taply  r^t^Mg  «r 
ipi«>rt  by  means  of  the  detaining  U-VIT  P,  the  atichor  d,  will  tr« 


drop  h\   its  own  wi-iu'ht. 

U-.V/.x  nn.l  A./-//.  <m  Anfkor»:—  '  Anchor-nmkini:1  i-  KijonajIMW 

nr  (K.).  'Treatise  on  the  Anchor,  with  i->im-  <»1»- 

\^\'<     i;..l--er  (l.imt.  \V.).  •  Improvements  in  Anchor*,'  8*0,  1880.     Janiami  <  • 
Mechanical   I'ro|H-rt,.sor  PbfkA  IM-nt  Anchor.'  Cot^ll  <<i.J 

Anrhurr..'  I  'Jin...  1«56.    •  Parliamentary  I  '       U 

du  Mini.-.t«Tode  la  Marine  nur  I  I  I-  iMiT.   I  aria,  S  TOU,  UW. 

ANKMOM.  i..:-   PII-U.YKI.  IN    MINIS-   «',,,.v:,  s- 
ANEMOMETER.     FB^  A******;  O«m^  H'iwfaMM<r  ;  ITAI^  ****** 

U  '1  iie  anemometers  of  which  we  trwit  are  inrtrnmcnli  >  ^MifflMd  <o  HIM  •!  '1^f*'l!Vfi 

of  currents  of  air  in  mines  through  chimm-y-HhRfU  sad 
nu.chin,-,.  termed  anemometers,  which  they  employ  to  mm-uM  U 

<n]^^ 

w  ith  precim.'n  i.aa  been,  ami  Mill  :  "i««-* 

im-nts  which  shall  indicate  tho  laws  of  the  efcrt  rxerted. 
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The  most  general  mode  adopted  by  experimenters  consists  in  throwing  to  the  wind  light,  l>odie», 
as  feathers,  thistledown,  the  smoke  of  jiowders,  or  the  essence  of  turpentine,  and  in  observing 
the  distances  described,  with  the  corresponding  times,  in  the  movement  of  translation.  But  this 
simple  method  affords  but  little  precision,  on  account  of  the  small  distances  in  which  they  can  be 
observed;  of  which  we  shall  speak  presently. 

Anemometers,  composed  of  a  small  light  fan-wheel,  whose  motion  is  transmitted  to  a  counter 
which  registers  the  number  of  turns,  are  most  certain,  and  convenient  for  use,  though  they  must 
previously  be  tested,  or  the  relation  existing  between  the  velocity  of  the  wind  and  the  number  of 
turns  of  the  wings  must  be  accurately  determined  ;  this  determination  presents  great  difficulties. 

Most  generally,  we  accomplish  this  test  by  placing  the  instrument  upon  the  horizontal  arm  of  a 
species  of  horse-gin  (Fig.  15i5)  with  a  vertical  axis,  which  is  made  to  turn  as  uniformly  as  possible. 
We  then  observe  simultaneously  the  number  of  turns  of  the  wings  and  the  velocity  of  translation 
of  the  instrument,  and  then  suppose  that  the  effect  produced  by  this  movement  of  the  apparatus 
in  the  air  the  same  as  that  which  would  be  due  to  the  action  of  the  wind,  impressed  with  the 
velocity  of  transit  of  the  anemometer,  upon  the  wings  of  the  instrument  at  rest. 

In  examining  the  different  systems  of  measuring  the  velocity  of  air  in  mines,  we  shall  describe 
the  construction  and  practical  application  of  the  anemometers  now  generally  employed  :  the  first 
we  shall  describe  is  a  very  light  anemometer  which  M.  Combes,  Inspector-General  of  Mines,  con- 
structed to  measure  the  small  velocities  of  air,  principally  in  the  ventilation  of  mining  works. 

Anemometer  of  M.  Combes. — This  instrument  is  similar  to  Woltiman's  mill  for  gauging  streams 
of  a  considerable  section.  It  is  composed  of  a  very  delicate  axle  A  (turning  in  agate  caps),  upon 
which  are  mounted  four  plane  wings,  equally  inclined  as  to  a  plane  perpendicular  to  the  axis.  In 
the  middle  of  the  axle  (Fig.  144)  ia  cut  an  endless  screw,  which  drives  a  small  wheel,  R,  with 
a  hundred  teeth,  so  that  the  latter  advances  one  tooth 
for  each  revolution  of  the  axle  bearing  the  wings.  The 
axle  of  the  first  wheel  carries  a  small  cam,  which  acts 
upon  the  teeth  of  a  second  wheel,  R'.  The  last  is  held 
fast  by  a  claw  or  very  flexible  steel  spring,  which  is 
attached  to  the  hori/ontal  plate  upon  which  the  instru- 
ment is  mounted.  At  each  revolution  of  the  first  wheel 
with  a  hundred  teeth,  driven  by  the  endless  screw,  the 
cam  starts  one  tooth  of  the  second  wheel  with  fifty  teeth. 
The  two  wheels  are  marked  at  intervals  of  ten  teeth ;  the 
first  from  one  up  to  ten,  the  second  from  one  to  five.  The 
index-pointers,  fixed  upon  light  uprights,  which  bear  the 
axle  of  the  wings,  serve  to  mark  the  number  of  teeth 
which  each  wheel  has  advanced,  and  thus  to  indicate 
the  number  of  revolutions  of  the  axle  of  the  wings.  By 
means  of  a  detent  and  two  cords,  which  move  it,  we  may, 
at  a  distance,  arrest  the  rotation  of  the  wings,  or  allow 
them  to  turn,  under  the  impulse  of  the  current  of  air 
which  strikes  them. 

-  The  manner  of  using  this  instrument  is  easily  understood  after  this  description.  We  place  the 
limbs  at  zero,  and  the  instrument  in  the  axis  of  the  air  tubes,  keeping  the  limbs  immovable  by 
means  of  a  catch,  which  is  loosened  at  the  moment  of  commencing  the  observation,  and  made  fast 
at  the  end  of  the  same. 

It  is  well  to  prolong  the  observation  as  long  a  time  as  possible,  and  for  two  or  three  minutes  at 
least,  if  it  can  be  done.  The  division  of  the  limbs  does  not  admit  of  counting  over  5000  turns, 
which,  for  a  velocity  of  air  9-84  feet  per  second,  would  only  correspond  with  a  duration  of  about  2-8 
minutes. 

The  test  or  error  of  these  instruments  may  differ  very  much  from  each  other,  though  their 
dimensions  may  seem  identical  in  all  points.  It  should  then  be  made  for  each  one  in  particular, 
and  repeated,  as  far  as  possible,  whenever  we  wish  to  use  it  after  an  interruption. 

Thus  the  anemometer,  whose  trial  was  reported  by  M.  Combes,  gave 

v  =  0-8458  foot  +  0-3005n, 
v  being  the  velocity  of  the  air  in  feet  per  second, 
and  n  the  number  of  turns  of  the  wings  in  1". 

Another  anemometer  of  the  same  model  gave  the  relation 

v  =  0-4921  foot  +  0-3821  n. 

Remarks  upon  the  Use  of  the  Instrument. — This  little  instrument  is  handy  for  the  measurement  of 
small  velocities,  since  we  see  that  it  can  appreciate  those  from  0-492  to  0  •  82  foot  per  second.  In  this 
case  it  works  long  enough  to  give  sufficiently  exact  indications  in  practice,  still  with  this  condition, 
that  the  current  shall  be  continuous  and  tolerably  regular,  such  as  is  the  case  with  mines  whose 
ventilation  is  produced  by  permanent  causes,  slightly  varying  from  one  instant  to  another. 

The  Resistance  of  the  Air. — The  phenomena  produced  by  bodies  moving  in  air  are  similar  to  those 
presented  by  liquids,  and  the  resistance  which  it  opposes  to  the  motion  of  these  bodies  is  of  the 
same  kind.  Still,  it  is  proper  to  distinguish  between  what  occurs  in  uniform  motion,  and  that 
which  takes  place  in  variable  motion. 

In  the  first  case,  the  velocity  remaining  the  same,  the  fluid  molecules,  successively  driven  aside 
by  the  body,  experience  the  same  displacements,  receive  the  same  velocities,  and  in  different 
instants  of  its  motion  the  body  meets  the  same  resistance.  But  in  variable  motion,  accelerated,  for 
example,  the  fluid  molecules  receive  greater  and  greater  degrees  of  velocity ;  and  as  they  belong  to 
an  elastic  fluid,  the  fluid  prow  formed  in  front  of  the  body  acquires  a  density  and  mass  continually 
increasing,  whence  n  follows  that  the  mass  displaced  increases  in  the  same  time  as  the  velocity 


ANEMOMETER. 


imparted  to  it.     Wo  conceive  then,  a  priori,  that  the  greater  the  aroeleratkw  of  motion  r  . 
be  the  resistance ;  and  so  we  nm y  forese,-  that,  in  accelerated  motion,  the  ' 


of  the  air  must  comprise.  U.,id,-s  other  tenus.  one  ,-v,diur|v'd'i~to  the  innlaXl 

It  was  iwervad,  however,  for  the  .  x|K-riiuento  of  Morin  at  MeU  for  the  first  prorinc  of| 


matter,  to  which  we  shall  allude 
Jksultsof 


thi  U»i  if  Q_ 


•  wished  to  operate,  and  he  oh-vn.-d  the  uniform  \.  |..-ilu-i  ,rf  the  flv-WM 

action  of  different  w.-L-hts.      He  thought  the  inllih-n .f  the  fn.-tion  of  this  "fT" itw  mkfctmi 

overlooked,  which  has  oooanoMd  .-«>nie  uncertainty  in  his  r.-ult*  i  .r  it  i.  dimnUt  ID  admit  that. 
in  dealing  with  .-.,  -.mall  a  re>i,tance.  the  portion  i-f  the  motive  ».-i-ht  engaged  in  otenomjmx  UM 
friction  should  not  be  comparable  to  that  sunnountiiii;  the  resistance  of  the  air. 

liorda  placed  in  suc.-e.^ioii.  ,it  the  ,-nds  of  the  arms  of  his  appnrntu*.  •luare  rarfaess)  of  9  ML 
•38,  and  J"jr.  inches  at  the  .-ide.-.  and  .-et  them  in  motion  with  w.  i-hU  <*  «•«    I  |*.  and 

0-5  Ibs.,  and  consequently  with  different  v.-|,«-iti. •>.     Kn-m  the  dimenMntu  and  d«U  nl.- 
this  apparatus,  the  author  has  oalenhtted  the  resistances  of  th.  ,.i,,u.  «,Ui  thedUbiMt 

velocities,  and  the  results  expresseil  in  yard*  are  given  in  the  follow , 

RESULTS  OF  BORPA'S  EXPERIMENTS  rros  THE  RCSISTAXO  or  AIE. 


Surface  of  9-S91  incln-s  each  side, 
or  of  -07  099  square  yard. 

Surface  of  6  394  Incbe*  «*rh  tUe. 
or  of  -031M  wjoare  jrmrd. 

Svftv  of  4  •  M3  totim  «Hi  tf«t 

or  uf    •!«•*  I^IMI*  ,.rl 

i;.  -  -•  ,• 
of  Air. 

Velocities. 

S-jumirs  of 

\'.-l.«  iii.> 

Knlft»nce 
of  Air. 

Vrlodtln. 

Sqwmof 

. 

of  Air 

VdorilW* 

«MM«r 

. 

11). 

ynnl« 

Pv 

T«rr1«. 

Ih 

y«nW 

0-16695 

8-787 

14  -34 

0*16718 

85-26 

0  I..-J 

:•  ••    : 

81  W 

0-07895 

•j  •»;:•(» 

T--J:;T 

t-198 

IT  •;« 

o  01  ... 

•      •: 

- 

0-04168 

1-891 

:?-;)7:t 

0-0416 

i  M 

.  •      • 

0-08081 

i-:m 

1-780 

(»  <rju>:;     -j  n\>\ 

i  -.^ 

,,  01861 

10  14 

0-01' 

i  m 

l;M 

Ml 

5  07 

If  we  represent  those  results  •rrnphioally.  in  taking  tin-  r. -Stance*  for  abwiM*,  and  the  •qt 
of  v.-liM-itic.s  t'»r  onlinut.-s.  we  find  nil  the   |xiints  r.-lative  tp  the  Mine  larfaee  an*  citoated  in  a 
straight  line,  thus  indicatini;  that  tin-  roi.-tanci-  incnux's  BS  the  square  of  the  velocity.    Th* 
.\t. nt  i •('  >nrfacr>  n.-«l  l.\  Morin  eonld  not  raanifeat  with  certainty  the  existence  of  •  omu 
in  th<-  i-\|in  --i"ii  .if  n-.-i.-'tanee. 

Comparing  these  results  with  the  formula  R  =  K, AY*  (expressed  in  yards  and  square  yard*!. 
we  have  for  K,  the  following  values: — 

Rquar..  ..f  :»  :>s.-)  in.  or  0-2K575  yd.,  side,  K,  =0'161& 
S|imr.-c.f  c,  :;-.«i  in.  ..r  (>•  ITTlf.  \ 

^imreof -J-UiW  in.  ,.rd   ll»l     v'    ••"!••.  K,  =0'I881 
coefficient  K,  is  for  A  in  square  yards,  nnd  V  in  yards. 

..•d  that  lionln  linvinL-  n.  -l..-t..|  tli.-'inllu.  nrc  of  friction,  vhieh  inrrrasrs  »ith 
tii.  r.  .M.-t.-iiir,-  and  tin-  motive  w.-i-ht-  .  m|.l.-\.-d.  the  apparent  diniiuuttuo  of  the  mtaUaeo  for  Uw 
tinialh-r  curfBces  may  U-  attril>iiti-«l  to  this  cause. 

'-  '-/  M.  Ti.i'uH't  >if-m  Rodin  in  Motion  in  Hf  Air.— Vie  am  indebted  to  Thi)« 

numerous  and  very  well  <  \.-.-ut<-d  <  \|H  rim.  nt«,  pulili»iied  at  Brest  in  1K32.  He  UM*|  for  his 
experiments  a  tly-whe.l  with  two  win-.-,  turning  no  a  borixnoUl  »xl«-.  and  moved  by  a  mMM* 
which  the  r>  :  .•  inr  it-.  If  «<»>n  rendered  unifon.  I  •  «s  ensspnstd «f 

\le  -J  i:t  ft.  in  Irnirth  l.\ -n  (t|f.  it  «.|imre.  tenuinnU^l  byjoarnaU  »itli  *.l»HKt.-r«.f  «•  UOHSft. 
The  arms  of  the  tly  wen-  each'fcirnicd  of  an  inm  md  8*97  ft  loon  by  O'OI.'i  ft  wide  in  tke  Oinrtlon 
...f  mov.-ment  DMT  the  axle,  and  f>  (H'!  ft.  near  the  ends,  with  a  constant  thicknsssof  0*019  fL  ta  a 
dirt.to.ii  |.:ir:,ll.-l  to  tli- •  axle.  The  side  of  the  arm  striking  the  nir  wa«  bevcM. 

Tli.-  wind's  were  nr.ii'it.d  ii|¥in  the  srms  of  the  flyejr,  and  at  first  dirrrteii  in  pUaes  passta* 

through  the  axis:  then  by  means  of  MiitnUc  arnin^emenU  they  were  ;  iurain«  UM 

around  the  radius;   lind,  in  tuniin^  tin  in  round  |»«mll.  1  l»  tin-  sxi*.  «n  thai  their  ilirert*«  IrA  ttw 

axis  either  in  the  fp.nt  or  in  rear.     The  inclination!*  tlui-  ..l.Uiimil  were  »»rt«il  «l  inlervaU  v4  ft* 

siiid  w.-re  carefully  measured.     The  ni"tio«i  of  tin-  fnn-»h««  I  »•»  |.n«li>f^l  in  all  m-.  »  . 

me  motive  weight  of  8-82  Ibs^  and  the  duration  of  twenty  turns  mad*  with  untfana  MM*** 

wos  olisorved. 

Moriu  calculated  the  results  of  the  experiments  of  M.  Tliibault.  in  ap|>lyin«  UM  fcnnala 

B  =  K.'A  +  K,.\ 

which  represents,  as  wo  shall  see  hereafter,  all  the  results  of  the  eiperinwnto  made  si  M 
^ivinu'  to  the  coefficient  K,'  r,  lutive  to' the  constant  resistane*   iad>ps»dMit  of  t>»  '«*"**«3 
value  K,  =  0-08002  (units  ..f  yird.,).  d.  nve.1  fmn  the**  experisMBt*  npnn  a  n*?"** 
•m.i.led  t..  deduc.   tli.-  M.lue  of  the  coefficient  K,  dependent  apon  the  «*M^r* 
^f  the  Mirfaee  of  the  » ini:*  tnwanU  the  diractkm  of  the  aotton  was  also  Jain*,  by  » 
.he  -.  coii.l  t.rm  of  the  formula,  in  plnceof  the  area  A  B  0-1130  square  yard,  IW  •»! 
i  plane  jxrpendicular  to  the  direction  of  the  motion. 
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EXPERIMENTS  OF  M.  THIBAVLT  VFON  THE  RESISTANCE  OF  Am. 


Inclina- 
tion of 
Siiikuvs. 

Time  of  20 

revolutions 
of  Wheel. 

Velocitr 
of  centre 
of  the 
Wings. 

Total 

rosi.-tunce 
of  each 
Wing. 

Part  of  the 
resistance 
independent 
of  the 
Velocity. 

Resistance 
proportional 
to  the  square 
of  the 
Velocity. 

Ratio  of  the 
resistance  to 
the  square 
of  the 
Velocity. 

Projection  of 
surface  upon 
plane  prrpi-n- 
diculur  to 
Motion. 

Resistance  per 
square  yard 
projected, 
and  per  yard 
of  Velocity. 

9°0 

seconds. 
68-40 

yards. 

2-752 

lb. 
0-1660 

lb. 

lb. 
0-1563 

lb. 
0-02063 

sq.  vard. 

0-12323 

lb. 
0-16737 

85 

68-07 

2-765 

0-1658 

0-1561 

0-02041 

0'1±>7.S 

0-16619 

80 
75 

67-90 
67-70 

2-772 
2-781 

0-1658 
0-1658 

0-0097 

0-1561 
0-1561 

0-02031 
0-02018 

0-12139 
0-11904 

0-16729 
0-16953 

70 

65-56 

2-828 

0-1655 

0-1558 

0-01948 

0*1158] 

0-1682 

65 

64-76 

2-906 

0-1655 

.  , 

0-1558 

0-01845 

0-11109 

0-1651 

60 

82-47 

3-014 

0-1651 

0-1554 

0-01710 

0-10(573 

0-1602 

55 

61-15 

3-078 

0-1648 

0-1551 

0-01637 

o-ioo:>:> 

0-1621 

50 

60-25 

3-124 

0*1648 

0-1551 

0-01588 

0-09440 

0-1682 

45 

56-75 

3-318 

0-1642 

0-1545 

0-01403 

0-08714 

0-1610 

40 

52-83 

3-563 

0-1635. 

0-1538 

0-01211 

0-07921 

0-1529 

35 

48-50 

3-882 

0-1622 

0-1525 

0-01011 

0-07084 

0-1428 

30 

43-00 

4-378 

0-1602 

0-1505 

0-00785 

0-06161 

0-1274 

25 

36-75 

5-122 

0-1569 

0-1472 

0-00561 

0-05208 

0-1077 

20 

30-50 

6-173 

0-1549 

0-1452 

0-00381 

0-04214 

0-01101 

15 

24-50 

7-683 

0-1411 

0-1314 

0-00222 

0-03189 

0-0*;:  17 

10 

19- 

9-910 

0-1220 

0-1123 

0-00114 

0-02137 

0-0535 

This  Table  contains  the  data  of  the  experiments  of  M.  Thibault,  and  the  results  of  his  calcu- 
lations. The  figures  entered  in  the  Table  show  that  the  resistance  to  the  square  yard  of  surface 
projected  perpendicularly  to  the  direction  of  the  motion,  and  per  yard  of  velocity,  where  the  value 
of  the  coefficient  K,  of  the  formula,  R  =  Kt  A  V2,  does  not  decrease  so  long  as  the  angle  of  inclina- 
tion is  not  below  from  50°  to  60°. 

Remarks  upon  Wintj-reyulators  and  Windmills. — It  follows  in  the  case  of  fan  fly-wheels  used  as 
regulators  of  motion,  where  the  wings  are  inclined  and  turn  round  the  radius  of  the  fly-wheel,  that 
when  the  motive  power  is  too  feeble  we  do  not  have  a  diminution  of  resistance  until  the  wings 
have  passed  the  inclination  of  from  50°  to  60° ;  and  as  these  regulators  should  also  serve  to  prevent 
the  acceleration  of  motion  when  the  motive  power  increases,  and  consequently  then  afford  the 
greatest  resistance,  it  would  be  well,  in  the  normal  state,  to  place  them  at  an  angle  of  about  35° 
with  the  plane  perpendicular  to  the  direction  of  the  motion. 

It  seems  that  something  analogous  to  this  is  produced  in  windmills,  the  sails  of  which  are, 
by  some  special  mechanism,  made  to  incline  when  the  wind  has  acquired  too  much  intensity. 

Experience  shows,  in  fact,  that  this  disposition,  the  aim  of  which  is  to  check  the  velocity  from 
being  too  greatly  accelerated  by  the  effect  of  squalls,  does  not  fully  attain  its  object,  and  that  the 
mill,  whose  normal  velocity  is  from  five  to  six  turns  in  one  minute,  by  a  good  breeze  from  16  to  19  feet 
of  velocity  per  second,  reaches  that  of  from  twenty-nine  to  thirty  turns,  and  more,  with  greater  winds. 

Experiments  upon  different  formed  Surfaces. — M.  Thibault  has  successively  repeated  the  same 
experiments  with  concave  cylindrical  surfaces  ;  he  arrived  at  the  same  consequences,  and  has  esta- 
blished the  fact  that,  with  an  equal  projection  of  surface,  upon  a  plane  perpendicular  to  the  direc- 
tion of  the  motion,  the  resistance  increases  gently  with  the  curvature. 

As  for  hollow  surfaces,  with  double  curvature,  such  as  frame  surfaces,  the  resistance  increases 
with  the  curvature,  and  more  rapidly  than  in  the  preceding  case. 

A  comparison  was  made  of  the  resistance  offered  by  bent  sails,  with  that  experienced  by  plane 
sails  witli  the  same  surface  as  that  of  the  sails  developed  ;  the  two  surfaces  of  folded  sails  were  each 
0- 1302  square  yard,  and  the  lower  side  was  brought  near  the  upper,  as  is  usual  with  sails  under  the 
action  of  wind ;  and  Thibault  found  that  the  resistance  of  the  bent  surface  was  the  same  as  that  of 
the  plane  surface,  notwithstanding  the  diminution  of  the  projection  of  the  first  surface  upon  the 
direction  of  the  motion.  A  comparison  is  thus  made  between  the  increase  of  the  resistance  due  to 
the  curvature,  and  the  diminution  due  to  the  narrowing  of  the  projected  surface. 

This  consequence  is  important,  inasmuch  as  it  facilitates  the  applications  relative  to  the  action 
of  wind  upon  the  sails  of  vessels. 

Influence  of  the  Inclination  of  the  Wings. — It  was  found  that  when  the  vanes  are  inclined  so  that 
the  axis  of  rotation  is  found  in  front  of  their  plane,  in  regard  to  the  direction  of  motion,  Fig.  145, 
the  resistance  diminishes  rapidly  as  the  inclination  increases,  and  that  at  the  inclination  of  55°  it 
is  not  more  than  0-5715  of  the  perpendicular  resistance ;  while  when  the  axis  of  rotation  is  found 
behind  the  plane  of  the  wings,  the  resistance  goes  on  increasing  even  up  to  the  angle  of  55°,  Fig. 
146,  for  which  it  is  equal  to  1-2293  tunes  the  perpendicular  resistance. 

\  145.  146.  147. 


These  results  show  that  this  mode  of  inclining  the  vanes  of  fly-regulators  answers  readily  the 
proposed  purpose,  since  in  disposing  them  so  that  the  vanes  may  be  inclined  at  will  in  either 
direction,  Fig.  147,  the  resistance  experienced  may  be  rendered  greater  or  less,  according  to  the 
necessities  of  the  case. 
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The  same  experiments,  repeated  upon  curved  surfaces,  with  different  decrees  of  melhMti«,  h.. 
ed  to  similar  consequences,  while  indicating  a  still  -  r 

by  plane  surfaces.     This  explains  tiie  advantage  which  navigation  derive*  fta 
rotation  impressed  upon  sails  parallel  to  the  axis  of  the  ™frti 


Influence  of  the  Approximation  of  the  Surface*  wAitA  art  erpottd  to  *A*  ffiaftftsaLH  at  tL.  iff 

Thibault  has  also  made  some  experiments  to  ascertain  whether  two  equal  *nrnm»  M.W. 
belund  the  other,  a  very  small  distance  apart)  experience  a  leas  tnUl  tfianwinco  than  whan 
For  this  purpose  he  mounted  upon  his  fly-wheel  four  winza,  placed  in  pal 
other,  at  a  distance  wlih-h  he  has  not  given,  and  he  found  for  the  case upon  which  hew 

.      * 


that  the  iv.-sist.uiro  of  the  posterior  was  not  over  4  of  that  of  the  anteriorsurfac 
which  can  be  applied  to  railroad  trains,  is  important,  and  it  was  desirable  tin 
experiments  should  be  made  upon  this  suhjeet .  MIOMCTO,  gainsay  Cur. 

Influence  of  the  Form  of  Surface*.— The  oame  experimenter  having  placed  at  the  extremities  <•* 
his  fly-wheel  various  surfaces  of  the  same  area,  but  of  which  two  were  square,  two  eiiruUr  • 
in  the  form  of  a  right-angled  triangle,  so  that  the  oentro  of  tlu-ir  figure  was  in  all  east*  at 'the  MM* 
di.-t,mce  from  the  axis,  has  observed  that  under  tin-  action  of  the  tnroo  motive  weight  the  fly-«bf 
took,  in  -ill  cases,  the  same  velocity,  which  shows  that  the  retutanco  is  imkp^yjtnt  of  th*  fan 
the  plane  surfaces  experimented  upon. 

£e*itt--mc*  of  Air  to  the  Motion  of  Spherical  ItoJiea.— This  particular  case,  which  is  of  spatial 
t  in  the  study  of  the  motion  of  projectiles  in  the  air,  has  for  a  long  tine  oeeupicdth* 
Httention  of  philosophers  and  geometricians.  Newton  wa«  the  fint  to  experiment  upon  Uiu  •ubjart. 
in  observing  the  fall  of  spherical  bodies.  Hutton  mid  other  observer*  have  » tin  lie.  I  this  iwaMAawM 
m  the  case  of  small  velocities,  by  means  of  a  rotating  apparatus;  and  more  1 
comparing  the  velocities  of  projectiles  at  different  distances  trotn  the  piece  of  "**ttwft,  has 
extended  his  researches  to  great  velocities. 

Here,  however,  we  limit  ourselves  to  indicating  tho  icsulta  more  especially  applicable  lo 
industrial  questions. 

From  a  summary  of  Newton's  experiments  upon  the  fall  of  glass  globe*  in  nir.  with  valocflis* 
comprised  between  zero  and  29'528feetper  second,  at  a  moan  tcnijx  r;.;  .  aod  at  a  ptwawr* 

of  '2-46'  feet,  the  value  of  the  coefficient  K,  was  about  0-00071:^7,  M>  tlmt  the  re»i»Uiice  ell 
by  spheres  moved  in  the  air,  at  velocities  comprised  within  these  limiU.  would  be 

R  =  0  •  0007137  AV  =  0-0007137  ,  ?^  Vs,  for  units  of  feet ; 


D8 
or  R  =  0  •  05781  A  Vs = 0  •  05781  ^273  V,  for  units  of  yards ; 

but  in  great  velocities  the  coefficient  of  tho  resistance  increases  with  the  velocity :  and  after  a 
discussion  of  Hutton's  experiments,  and  those  of  the  Commission  at  Metz,  General  1'iobert  baa 
proposed,  for  a  representation  of  the  law  of  the  resistance  of  tha  air  to  Uu  motion  of  srnjWtifc*,  th* 
formula 

R  =  0-03546  AV»  (1  +  -002103  V),  nnits  of  yards, 
R  =  0-00043778  AV»  (1+0-0070102  V),  uniU  of  feet: 

which  would  indicate  that,  with  these  velocities,  tho  expression  of  the  resistance  most  contain  a 
t-nu  proportional  to  tho  cube  of  tho  velocity,  and  that  tho  constant  term  is  without  a  sanaibl* 
influence. 

i-inentsnt  .Vet:  upon  Bodies  moving  in  Air. — Numerous  experiment*,  with  the  joint  labour  of 
MM.   l'i..iiert.  Didion.  mid  Morin,  were  made  at  MeU  in  1835  and  1887.  wl. 
ticulnrly  made   l.y  M.  Didion.  in  whirh  they  iiuide  uiw<  of  chmnotnctrio  apparatus  to 
law  of  the  deaoent  in  air  of  different  formed  bodies,  and  of  different  dtroanswaa.   These 
were  made  where  tho  e\|MTimenters  crmld  avail  themselves  of  a  vertical  (all  of  46*916 1 

The  Uxlies  ein|.l"\.-d  were  suspended  upon  a  silk  cord,  wound  round  a  pulley,  which  hi  its 
motion  bore  a  stylo  whose  trace  upon  tho  plate  of  the  chmnometrie  apparatus,  baprcasrd  with  a 
kiioun  uniform  'motion,  and  observed  at  every  experiment,  famished  the  law  of  awtka  of  tw* 
•it  of  the  body. 

al  experiments  were  mado  to  determine  tho  passive  realsiaaoes  of  the  apparatus,  to  kaap  *• 
account  of  them  in  tin:  calculations. 
'  Without  -"in/  into  a  d. -tailed  discussion  of  the  results,  and  the  testa  applied  to  thasa,  «•  i 

illdieate  the  m< -tho.1  adoplcd  for  the  ruli-iiliition*. 


MM.  Morin, Piobcrt,  and  Didion,  fn>m  tl.<ir  czperinMoti upon  the  reabtanee of  water,  eoorliktr,) 

i  exlrted  a  eoactant  trrm.  and  that  of  a  tafw) 


tlmt  in  the  expression  for  the  resistance  of  fluid*  L 

|.ro|M,rti..n:d  to  tho  square  of  the  velocity.    This  ooocloaioo  waa  eonteaad  by  the  «II»U»M»I  *^*"*> 

they  mad.  upun  the  resistance  of  air,  obtained  from  uniform  motion.  . 

A  first  series  of  experiment*,  made  upon  a  thin  plate  1  '207  •}.  yd.,  gave  Cor  Ik*  tfprwrfoa  *f 
the  rcsistanoo  of  the  air, 

B  =  0-06C31b.  A +  0-1372  A^;  in  unit*  of  yard* ; 
but  as  tho  fall  of  46*9  feet  WM  not  sufficient  to  giv*  at  th*  end  of  it  a 


as  we  shall  presently  see  that  tho  resistance  in  variable  motion  most  eovpria*  a  thiiJ  MM 
dependent  upon  the  acceleration  *  of  motion,  it  follows  that  the  trnn  0- 1372  AV, ' 

iiiij'li.  itly  thin  third 
The  exigence     " 
experiments 
0--J187  yd.  by 


n  third  term,  is  a  little  too  great,  and  should  be  dlislaiatisd 
ence  of  a  constant  term  in  the  expression  of  th*  rwirtsnnr  wa* 
made  ujK.n  a  \vh.el  with  wing*  I '00  yd.  internal  di* ••  tef .UartM '* 
y  u  2187  yd.,  twenty  in  number,  jasaWifing  thus  a  total  iufM  « 
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Tho  results  of  these  experiments  were  very  exactly  represented  in  the  case  01  uniform  motion  by 
the  formula 


and 


R  =  0-008892  Ib.  A  +  0-001907  AY2-  in  units  of  feet, 


R  =  0  •  08002  Ib.  A  -f  0  •  1548  AV2 ;  in  units  of  yards, 

as  may  be  seen  in  the  following  Table,  in  which  the  values  found,  at  different  uniform  velocities,  for 
the  coefficient  of  the  term  proportional  to  the  square  of  the  velocity  are  very  nearly  constant. 

EXPERIMENTS  UPON  THE  RESISTANCE  OF  AIR  TO  THE  MOTION  OF  A  WHEEL  WITH  PLANE 

PLATES. 


Uniform  velocity  of  the  centre  j  !    yds. 
of  resistance  of  wings,  iu>  2  '89 

yds. 
4-11 

yds. 
5-17 

yds. 
5-89 

yds. 
6-69 

yds. 
7-20 

yds 
7-83 

yds. 
8-28 

yards  per  second        .  .      .  .  1 

Resistance  of  wings  reduced  jl    Ibs. 

Ibs. 

Ibs. 

Ibs. 

Ibs. 

Ibs. 

Ibs. 

Ibs. 

to  the  mean  density  of  the  >  1  '338 

2-602 

3-941 

5-183 

6-502 

7-867 

9-166 

0-458 

air        || 
Coefficient  K,  of  the  square  oH  |  .15010 
the  velocity        |j 

•15618 

•15077 

•15355 

•14986 

•15494 

15494 

•15818 

MeanK, =  -1548 


Velocity  answering  to  the  for-) 
mula    / 

yds. 
2-918 

yds. 
4-129 

yds. 
5-108 

yds.     |    yds. 
5-87       |6-58 

yds. 
7-25 

yds. 
7-83 

yds. 
8'37 

A  review  of  the  coefficient  gives  slight  variations  from  those  recorded  by  Morin,  the  mean  of 
which  would  be  K,  =  0-1004  instead  of  0-1002. 

This  comparison  of  the  results  of  experiments  with  those  of  the  above  formula  show  within 
vhat  limits  of  exactness  the  latter  represents  the  real  effects. 

Method  of  Reckoning  the  Effects  of  Acceleration. — It  has  been  already  shown  that  in  elastic  fluids 
the  resistance  must  depend  upon  the  acceleration  of  motion ;  and  if  these  considerations  are  admitted, 
it  follows  that  the  resistance  of  the  air  in  variable  motion  must  be  represented  by  a  formula  of  the 

R^K/A'+^A^+K.Ay. 

The  experiments  upon  uniform  motion  having  already  furnished  the  approximate  values  of  K,' 

v 
and  K, ,  it  remains  to  find  that  of  K2 ,  or  rather  the  term  K2  A  -7. 

Without  going  into  the  details  of  the  calculations,  we  limit  ourselves  to  pointing  out  the  method 
followed,  since  it  shows  a  remarkable  example  of  the  advantages  to  be  derived  from  a  graphic 
representation  of  the  law  of  motion. 

In  the  actual  case,  this  law  "being  represented  by  a  continuous  curve,  whose  abscissae  indicate  the 
number  of  turns,  or  the  spaces  described,  and  whose  ordinates  express  the  times,  it  is  clear  that  for 
one  of  these  tangents,  M  P,  for  example,  Fig.  148,  the  ratio  of  N  P  to  M  N,  in  the  triangle  M  N  P,  will 
be  the  same  as  that  of  e  to  f,  representing  by  e  the  infinitely  small  increase  of  the  abscissa  in  passing 
from  the  point  M  to  the  infinitely  near  point  M',  and  by  t  the  corresponding  increase  of  time  or  of  the 

/> 

ordinate :  this  ratio  -.  of  the  elementary  path  to  the  element  of  time  in  which  it  was  described  is 

precisely  what  is  termed  the  velocity,  which  we  express  by  the  relation  V=  -j ;  and  we  see  that  we 

may  by  means  of  the  graphic  trace  of  Fig.  148,  form  a  table  of  the  simultaneous  values  of  the 
times  and  velocities,  and  so  construct  a  new  curve,  whose  abscissae  shall  be  the  times  T,  and  whose 
corresponding  ordinates  shall  be  the  velocities  V. 

This  new  curve,  Fig.  149,  yields  to  analogous  considerations;  the  tangents,  at  the  different 

A  "R 

points,  give  us  the  ratio  -o-p ,  which  is  equal  to  the  acceleration  7- ,  v  being  the  elementary  increase 
of  the  ordinate  or  of  the  velocity  V,  and  t  being  always  the  elementary  increase  of  the  time. 


PEN 

Consequently,  knowing  at  each  instant  the  total  resistance  R,  or  the  portion  of  the  motive  effort 
employed  in  overcoming  the  resistance  of  the  air,  as  well  as  the  coefficients  K,'  and  K, ,  we  may 

calculate  the  term  Ks  A  -r-  and  so  deduce  the  value  K2 . 
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n 


This  process  may  be  abridged  by  operating  upon  that  part  of  the  cum  relating  to  UM  end  of 
the  fall,  since  the  variations  of  inclination  of  the  taugenU  of  the  fir»t  carve  are  to  «-^H.  that 

V*         W** 

instead  of  tracing  them,  we  may  determine  them  by  the  value  of  the  quotient  IK— in  of  the 
difference  of  two  consecutive  spaces  divided  by  tlmt  of  the  Myr^u^ndfaf  timm 

This  ingenious  mode  of  discussion  led  M."  Didimi  to  aarign  to  the  «nHIMfnU  of  the  ftuu-K 
which  represents  the  law  of  the  resistance  of  air  to  the  accelerated  tuution  of  deeocnt  of  •  i> 

1  •  I'JG  sq.  yd.  of  surface,  the  following  values : 

R  =  0-06G331b.  -f  0-1295  V»  +  0-27652*. 
whicli  is  reduced  in  case  of  uniform  motion  to 

R  =  0-06633 Ib.  +  0-1295  V», 
for  one  square  yard  of  surface,  V  being  in  yards. 

Proof  of  the  Exactness  of  this  Formula. — To  show,  a  posteriori,  that  this  formula,  eanpajed  of  thm 
terms,  represents  the  law  of  the  resistance  in  accelerated  motion  more  exactly  than  th"t»  vhfefc 
only  contain  n  term  proportional  to  the  square  of  the  \d<«-ity.  or  two  term*,  Uu>  one  emwUnt.  »IM| 
tin'  uther  proportional  to  the  square  of  tin-  velocity.  M.  IHdimi  ha>  fint  aou 

constant  coefficients  wliich  it  was  proper  to  admit*  for  each  of  these  formula,  w  M  to  mvier  Utroi 
a*  i  -xaet  us  possible,  and,  after  having  found  tin  m.  lie  calculated,  by  a  wry  irfmple  aaalrtinU 
method,  the  values  of  the  times  corres|X)ndiug  to  the  regularly  increasing  •paces  draorfhed  by  UM 
1»>.li>'s.  such  as  would  be  famished  by  these  formulte,  and  lie  ha*  compared  then  with  the  teal 
times  furni.-lieil  by  the  curve  of  the  law  of  motion.  Knuu  tin-  results  of  this  eotnparim,  whiak  fcr 
one  particular  case  are  entered  in  the  following  Table,  we  aoe  tlmt  the  formula  with  thn-»  Una*  of 
uce,  represents,  quite  truly,  tho  law  of  accelerated  motion  of  the  deMentof  a  Uxl\ 

0 
while  the  suppression  of  the  term  depending  upon  the  acceleration  y  does  not  admit  of  ID  exact  a 

representation  of  this  law,  even  in  determining  the  coefficients  BO  a>  to  reproduce  the  calculated 
duration  for  one  of  the  spaces,  ami  that  is  also  the  case  when  we  auppreei  the  constant  term. 

The  only  results  inserted  in  the  Table  are  those  of  an  ex|>eriment.  during  which  the  tMH|iu>iun 
was  at  62° -24'  (Fah.)  and  the  barometric  pressure  at  2-405  feet  of  mercury. 

COXPABISON  OF  TIMES  AND  VELOCITIES  or  THE  FALL  or  A  PLATE  On  METU  BQCAU 
=  1-196  8<j.  YD.,  OBSERVED  AND  CALCVLATED. 


DCKATHnOJ 

LCfLATCD  BT 

TUB  POkMCUK 

\ 

Spaces 

Observed 

UPOk-i  VPu 

0) 

w 

00 

,  .  i  ,,•  .  -  * 
• 
b» 

described. 

Duration*. 

Velocities 

R  =:  O'M  + 

,      '   . 

0-276  j- 

r  ,     ....  \  . 

n>. 

" 

Oft 

yd*. 

(fconds. 

yd.. 

•econdc. 

..__-•- 

- 

KOMdC 

r^ 

O'O 

0-170 

0-178 

0'  100 

. 

o-r 

0-254 

0-253 

I-  m 

0-226 

. 

<)••_• 

0-806 

0-310 

1'  -•> 

0-277 

. 

0-3994 

0-359 

0-358 

ii  8H 

0-4809 

0  400 

0-400 

(i  981 

0  858 

•:»7 

0  428 

0-428 

n   .:.•! 

0  893 

0-' 

0-474 

0-478 

0*419 

0    117 

. 

0  7 

n   B08 

0-506 

0-400 

0  457 

. 

o  ;,;;7 

0-588 

n   i«- 

u    1-7 

o  568 

0-566 

ii  Bll 

0  515 

•2018 

n  i.!:. 

0-622 

0  570 

9-881 

•:: 

0-679 

0-679 

0-618 

. 

. 

0  725 

0-728 

IP  881 

0  668 

. 

•7990 

li  771 

0-771 

o  7in 

. 

•9 

0  815 

0-820 

0  746 

8-46 

013 

•018 

0-043 

•1H7 

6:07 

i  ->; 

ItJ 

•120 

6-05 

1*8098 

•346 

6-50 

.  .  i  •  « 

189 

6  49 

.r.-J»974 

107 

,   n 

170 

•680 

..... 

897 

,,... 

7    It 

7  :K»68 

•771 

7-50 

77«; 

m 

7-87 

•910 

7'60 

:  '  1  _' 

1.1  -J 

Ill 

7-56 

2  034 

7  n 

2-042 

2  004 

".  •  • 

Influence  of  the  Extent  of  Swfactt.—To  establish  this  — 
each  side  of  which  was  0-5468  yd.,  and  so  having  an  are*  of  0-299  sq.  T«U  orj^uJ  lo  .  .. 

tint  of  the  tir-t  pl.t.'.     in  calculntiiig  the  time  of  tho  fall  by  the  earno  method  M  fc 
of  1   I'.H;  .-.j.  M!..  mid  by  means  of  the  same  formula 


R  =  {  0  OC638  Ib. -»- 0-1S88  V»  +  0-176  J  }  A  yd. 


r  t 
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he  found  between  the  results  of  observation  and  those  of  calculation  a  coincidence  quite  sufficient  to 
permit  him  to  conclude  that,  between  the  extended  limits  in  which  he  had  operated,  the  resistance 
of  the  air  in  proportional  to  the  extent  of  the  surfaces.  The  temperature  and  barometric  pressure 
sensibly  the  same  as  in  the  experiments  above  referred  to. 

COMPARISON   OF   TIMES  AND   SPACES  DESCRIBED  IN   THE   FALL   OP  A   PLATE   OF   0'299    SQ.  Yl). 
SriJKACE,    FROM    OBSERVATION    AND    CALCULATION. 


Spaces 

DURATION. 

Spaces 

DcitATIOX. 

Spaces 

DURATION. 

described. 

Observed. 

Calculated. 

described. 

Observed. 

Calculated. 

described. 

Observed. 

Calculated. 

v<K 

seconds. 

seconds. 

yds. 

seconds. 

seconds. 

yds. 

seconds. 

Eeconds. 

0-0995 

0-174 

0-173 

0-8322 

0-490 

0-485 

4-809 

1-240 

1-215 

0-2001 

0-24G 

0-242 

0-9000 

0-519 

0-515 

5-997 

1-361 

1-880 

0-2990 

o-3oi 

0-297 

0-9995 

0-547 

0-543 

6-997 

1-476 

1-412 

0-4002 

0-356 

0-343 

1-993 

0-775 

0-767 

7-996 

1-586 

1-527 

0-4811 

0-387 

0-384 

2-998 

0-951 

0-939 

8-996 

1-693 

1-646 

o  •:>!>!>:; 

0-425 

0-420 

3-998 

1-102 

1-085 

9-546 

1-799 

1-738 

0-6999 

0-460 

0-454 

Consequence  of  these  Results. — We  see  by  this  Table  that  the  calculated  times  of  the  falls  are 
sensibly  the  same,  though  a  trifle  less  than  the  observed  times,  which  shows  that  if  the  coefficient 
of  resistance  varies  with  the  extent  of  surface,  it  tends  to  diminish  with  the  diminution  of  surface, 
rather  than  to  increase,  as  some  authors  have  concluded  from  experiments  made  by  observation  of 
the  motion  of  rotation. 

In  recapitulating,  we  may,  without  fear  of  notable  error,  admit  in  practice  that  the  resistance 
of  the  air  is  proportional  to  the  extent  of  the  surfaces. 

Experiments  upon  Parachutes. — One  of  the  most  useful  questions  among  our  researches  upon  the 
resistance  of  air  which  our  means  of  observation  enabled  us  to  resolve,  was  an  exact  determination 
of  the  resistance  experienced  by  parachutes.  Their  concave  form  causing,  witli  the  same  surface,  a 
marked  increase  of  resistance,  it  was  easy,  in  this  case,  to  obtain  a  uniform  motion  of  descent, 
which  was  indicated  by  the  curve  representing  the  law  of  motion,  which  in  this  case  degenerated 
into  a  straight  line,  whose  inclination  furnished  the  value  of  the  uniform  velocity. 

The  parachute  employed  was  composed  of  a  frame  of  whalebones,  disposed  into  four  equidistant 
meridian  planes,  fastened  iipon  a  common  rod,  and  strengthened  by  stays.  This  frame  was  covered 
•with  taffeta,  strongly  stretched,  and  it  was  suspended  upon  a  rod,  at  the  lower  part  of  which  was 
attached  the  additional  weights. 

The  exterior  diameter  of  the  parachute  was  1'461  yd.  measured  perpendicularly  from  the  sides 
of  the  polygon,  and  1'312  yd.  measured  between  the  nearest  points  of  the  arcs  formed  by  the  rim. 
Its  perpendicular  projection  to  the  direction  of  motion  varied  from  1-433  sq.  yd.  to  1-444  sq.  yd. 
of  surface.  The  versed  sine  of  curvature  of  this  parachute  was  1-41  foot  to  the  plane  of  the  ends  of 
the  whalebones. 

A  discussion  of  the  experiments  in  which  the  velocity  was  uniform  has  shown  that  the  resistance 
of  the  air  to  the  motion  of  this  parachute  could  also  be  represented  by  an  expression  composed  of 
two  terms,  and  that  it  was  equal  to  1-936  times  that  of  a  plane  of  the  same  surface,  that  is  to  say, 
nearly  double. 

It  follows,  from  this,  that  it  may  be  expressed  by  the  formula 

K  =  1  •  936  A  sq.  yd.  [0  06638  Ib.  +  0  •  1295  V2  yd.]  = 

Asq.  yd.  (0  •  1285  Ib.+O  -2507V3), 
for  units  of  yards  of  surface  and  velocity,  at  the  ordinary  density  and  temperature  of  the  air. 

Case  where  the  Parachute  presents  its  Convexity  to  the  Air. — In  reversing  the  parachute,  and  causing 
it  to  descend  with  its  convex  surface  downwards,  a  much  less  resistance  was  found,  and  equal  0-763 
of  that  of  the  plane  surface  with  the  same  area.  So  that  in  this  case  the  resistance  is  represented 
by  the  formula 

R  =  0-768  A  sq.  yd.  (0- 06638 Ib.  +  0-1295 ¥*)  = 

A  (0 -0509  Ib.+O -0994V2). 

We  see  by  this  that  the  resistance  of  the  same  body  varies  in  the  ratio  of  1  •  936  to  0  •  768,  or 
from  2-5  to  1,  according  as  it  presents  to  the  air  its  concavity  or  convexity. 

Case  where  the  Motion  of  the  Parachute  was  Accelerated. — In  this  expression  of  resistance  we  also 

t; 
admit  the  necessity  of  introducing  a  term  dependent  upon  the  acceleration  of  motion  7,  and  this 

expression  for  the  parachute  employed  is 

R  =  A  (Vl290 lb.  + 0-2513  V2  + 0-2394  Y), 

in  units  of  yards  for  area  and  velocity. 

A  comparison  of  the  observed  times  of  the  fall  with  those  deduced  from  this  formula  has  shown 
that  it  represents  the  circumstances  of  motion  with  all  desirable  accuracy. 

Resistance  to  the  Motion  of  Inclined  Planes  in  Air. — These  experiments  were  made  by  means 
analogous  to  those  above  described,  by  causing  to  descend  two  jointed  planes,  1  0963  yd.  long  by 
0-5486  yd.  wide,  whose  angles  were  varied,  at  intervals  of  5°,  from  5°  up  to  180°,  where  they  form 
a  single  plane.  The  results  regularly  observed  from  180°  to  130°  have  shown  that  the  resistance 
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decreases  proportionally  with  the  angles,  so  that,  calling  a  tbe  angle  of  one  of  the  planes  with  the 
direction  of  motion,  tho  resistance  was  expressed  for  uniform  motion  by  the  formula 

B=  yo  A  (°'066381b.  +  Q-1295  Vs),  in  units  of  yards. 

A  comparison  of  the  observed  resistance  with  those  calculated  by  thu  formula  ahov  A 

factory  agreement. 

COMPARISON  BETWEEN  THE  OBSERVED  AWD  CALCULATED  RESISTANCES.  roa  Dimxcjmr 

INCLINED  PLANES. 


Angles  formed 
by  each  of  the 
Hl.mes  with  tlie 
Direction  of 

Resistances  in  the  ratio  to  those 
of  a  Plane  perpendicular  to  the 
Direction  of  Motion. 

Angles  fbrawd 

>»   ....   .     :  ::,• 

Planes  with  the 

RwfcUacM  hi  tlw  r»Uo  to  ia«M 
of  •  I*Ui»r»n>«k)h«UrU»  ifct 
HndfcarfMMfc*. 

Motion. 

Observed. 

Calculated. 

Motion. 

Oowrvrj 

CfckvUinl 

O 
90- 

1-0000 

1-000 

77°-5 

0-846 

,,    |  l 

87-5 

0-996 

0-972 

70- 

0  773 

0  778 

82-5 

0-865 

0-917 

C7-5 

0  737 

0-750 

80- 

0-856 

0-889 

65- 

0-728 

0  72S 

It  should  be  remarked  that  these  results  relate  to  tho  case  of  two  equal  and  jointed  plants, 
moved  in  tho  air,  with  the  edge  of  intersection  in  front,  and  are  by  DO  means  applicable  to  the  case 
of  isolated  planes. 

The  law  of  tho  variation  of  the  resistance  proportionally  to  the  angle*  in  also  tUt  which  tbea* 
experimental  philosophers  found  for  water,  in  opvrutiug  upon  cours  of  different  acuU-nese, 

General  Conclusions  from  the  Experiments  at  Mett.—  In  conclusion,  the  reported  experiments  whw-h 
have  been  made  with  chronometrio  mechanism,  giving  tho  times,  to  nearly  abme  thousandth*  of 
seconds,  and  the  velocities  acquired  at  any  instant  nearly  to  a  hundredth,  in  observing  UM  law 
<•!'  il.-oeiit  in  air  of  different  sized  plates,  of  two  plates  inclined  towards  each  other,  and  that  of  a 
wheel  witli  \\  iiiL's,  for  which  the  velocities  have  not  exceeded  from  29  to  33  feet  a-eeeond,  bar* 
conducted  us  to  the  following  conclusions : — 

1st.  In  the  uniform  motion  of  a  body  in  air,  the  resistance  experienced  if  proportional  to  the 
rxt<  nt  <>f  its  surface,  and  to  another  factor  composed  of  two  terms,  the  one  constant  and  the  other 
proportional  to  the  square  of  the  velocity. 

As  it  was  easily  foreseen  that  the  number  of  molecules  of  tbe  air  shocked  by  tbe  displstsewut 
of  the  body  must  increase  in  the  same  ratio  with  its  density,  tin-  general  cxprr*»inn  of  the  resMasjre 
should  contain  a  factor  relative  to  this  density:  »o  that  calling  </  the  detuity  of  the  air  at  tho 
triup'-rature  and  pressure  observed,  and  </,  its  density  nt  .r>0J  (Kali.)  nnd  at  7C  eenticrades (or  S9-9S 
i  of  barometric  pressure,  and  preserving  tho  prcccxliug  notations,  this  resistance  is  represented 
by  the  following  formulae : 

Thin  plates  perpendicular  to  the  direction  of  motion  R  =  A  y        { 0-086  Ib,     +  0- 199  V*  J 
Parachutes    ..      ..  R  =  A  -j- 


Porachutes  reversed 


0-120  Ib. 
0-0511b. 


Two  jointed  plates,  inclined  towards  each  other    .  .  R  =  A  -r     f  {  0-086  Ib.     +  0-  1»  V"  } 
Thewingaofafan-wheel  ............  B"A3^        {o-08002Ib.  +  0  1W3>*»} 

It  may  I.P  nlxipn-nl  that  this  last  formula  accords  in  a  satisfactory  manner  with  lh«  molts  aC 

M..T!iilmnlt's  exix-riii.  ^       , 

tind.  In  i..  •••.•!.  -ruted  in.»ti.in  wo  must  add  to  tho  prow-ding  cxpr*«s»on  alsm  BWf>«* 
tic.  11  of  motion,  and  tho  rc«i»taucti  is  then  represented  by  UM  following  fonnul*  : 


Parachutes 


151  V>  +  0  «94 


With  re*i>oct  to  tho  various  modes  of  ascertaining  tbe  rHoeiUee  of  «wi«tsjrf  airlsjsshe«,  li 

order  to  il.-t.Tinme  the  qiiuititi.  *  rireulatm-  111  it  u-M.-M  time,  we  •XtlMBtUM il 

nature  and  <!.>«•  of  anemometer*,  from  a  l«|-  *"£.  ' 

in  the  "Transactions  of  tin-  North  of  Kiigland  Institute  of  Mbiia(n«teM«       ...... 

In  the  ventilation  of  mines,  great  advantage*  are  well  known  to  ans* 
a  series  of  currmt*  or  *plit.i :  and  its  proper  dUtributicm  mm 
imix>rtninv,  |,,..-:iu.so  upon  it  dr|»-inU  to  a  certain  extent,  not  only  U 

quantitv  th:it  will  I'-  put  into  e.rculution.  in  «  « i von  ttoe,^  ««7  7"«»» »"  .       ' 

employ;,!,  hut  H!M)  the  r,  lativ,-  .Irgicfsj  of  safety  and  ealubnly  tLat  »U1  pwt 
districts  into  which  the  mine  is  divided. 
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la  order  to  effect  this  distribution  of  the  air  in  such  a  manner  as  to  obtain  the  most  efficient 
general  ventilation,  and,  at  the  same  time,  to  allot  to  each  district  or  split  its  proper  share  or 
proportion  of  the  whole,  it  is  essential  to  have  some  satisfactory  mode  of  ascertaining  the  velocities 
of  the  currents,  and  the  quantities  of  air  circulating  in  each  of  the  splits  in  the  unit  of  time. 

The  various  methods  that  have  been  employed  for  this  purpose  may  be  divided  into  three 
groups. 

First. — By  travelling  at  the  same  velocity  as  the  current,  and  noting  the  distance  passed  ove/ 
in  a  unit  of  time. 

Second. — Determining  from  observation  the  rate  at  which  small  floating  particles  are  carried 
along  by  the  current,  and  assuming  their  velocities  to  be  identical  with  that  of  the  air-current 
itself.  Smoke  from  exploded  gunpowder,  burning  turpentine  or  amadou,  small  pieces  of  do\vu, 
and  small  balloons  filled  with  hydrogen,  have  been  all  more  or  less  employed  for  this  purpose. 

Third. — By  using  anemometers,  or  apparatus  of  various  forms ;  and  these  may  be  divided  into 
three  classes: — (a)  Anemometers  having  vanes  or  wands,  made  to  revolve  by  the  current  of  air 
impinging  upon  them,  the  rate  at  which  they  revolve  being  indicated  by  pointers  on  dials  forming 
a  part  of  the  instrument — the  pointers  being  made  to  revolve  by  means  of  wheels  connecting  them 
with  the  axis  of  the  vanes  or  wands.  The  anemometers  of  Combes,  Biram,  Whewel.  Osier,  and 
Robinson,  are  instances  of  this  class  of  instruments  now  in  use  in  this  country,  all  of  which  require 
a  correction  for  friction.  (6)  Instruments  which  are  affected  by  the  force  or  impulse  of  the  wind, 
without  being  subjected  to  any  continuous  revolving  motion,  such  as  Dr.  Lind's,  Henaut's, 
Bougier's,  and  Dickinson's  anemometers,  (c)  Anemometers  of  a  more  complex  character,  such  as 
Leslie's. 

First  Group. — Perhaps  the  primitive  mode  of  ascertaining  the  velocity  of  currents  of  air  in 
mines  was  that  of  choosing  a  part  of  the  gallery  forming  the  air-way  having  as  uniform  sectional 
dimensions  as  could  be  found,  and  after  measuring  oft'  a  distance  of  100  to  150  yds.  in  length, 
taking  a  lighted  candle  and  walking  in  the  direction  of  the  current,  holding  the  flame  in  such  a 
position  as  to  be  fully  exposed  to  the  influence  of  the  current,  but  taking  care  to  walk  at  the  par- 
ticular rate  required,  to  cause  the  flame  to  burn  in  an  upright  position,  without  being  deflected  from 
the  vertical,  either  by  the  current  or  by  the  progress  of  the  person  carrying  it.  The  time  required 
to  traverse  the  distance  measured  off,  being  noted  by  a  seconds'  watch,  enabled  the  average  rate 
of  walking  to  be  determined ;  and  the  average  rate  so  found,  from  three  or  four  trials,  was  assumed 
to  be  the  velocity  of  the  air-current ;  and  this,  multiplied  by  the  average  sectional  area  of  the  part 
of  the  air- way  selected  for  the  experiment,  was  taken  to  represent  the  quantity  of  air  passing  in 
the  unit  of  time.  Formerly,  when  this  mode  of  measuring  the  air  in  mines  was  in  use,  it  would 
afford  a  close  approximation  to  the  truth ;  but,  with  the  ventilation  now  existing  in  many  of  our 
large  mines,  it  would  not  be  practicable  to  walk  as  quickly  as  the  currents  travel  in  the  principal 
splits ;  and  running  is  not  a  sufficiently  steady  pace.  One  of  the  objections  to  this,  as  well  as  to 
all  other  methods  that  require  a  considerable  distance  to  be  traversed,  over  which  to  observe  the 
velocity,  is  the  difficulty  of  obtaining  a  gallery  of  equal  area  throughout,  over  a  sufficient  distance ; 
but  in  cases  where  this  is  attainable,  this  method  admits  of  great  accuracy  for  velocities  up  to 
400  feet  per  minute ;  Atkinson  and  Daglish  state  that  they  have  been  able  to  obtain  as  accurate 
results  by  this  method  as  by  any  other,  as  can  be  seen  by  referring  to  Table  I.  and  Fig.  1-49.  In 
Fig.  149,  and  in  the  other  figures  employed  for  the  like  purpose,  the  bent  or  crooked  lines  are 
obtained  by  taking  the  actual  velocities  of  the  air-currents  (ascertained  as  hereafter  described), 
and  the  revolutions  of  the  anemometer,  or  other  indicated  velocities,  as  co-ordinates.  If  the 
indicated  velocity  were  the  same  as  the  actual  velocity,  a  line  drawn  through  the  points  where 
they  would  intersect  each  other  in  the  diagrams,  would  exactly  coincide  with  the  simple  straight 
diagonal ;  but  as  the  one  exceeds  the  other,  so  the  crooked  lines  drawn  through  their  points  of 
intersection  depart  more  or  less  from  the  diagonal. 

The  close  approximation  of  this  line  to  the  diagonal  shows  that  great  accuracy  can  be  attained 
by  walking  with  a  lighted  candle.  It  ought,  however,  to  be  mentioned  that  the  place  where  the 
experiments  were  made  was  in  all  respects  suitable,  and  specially  adapted  for  the  purpose,  being 
perfectly  level,  and  of  an  accurately  uniform  sectional  area  throughout  the  whole  distance  of  200 
feet. 

Second  Group. — One  of  the  principal  of  the  second  group  of  modes  employed  for  the  measure- 
ment of  air  consists  in  observing  the  velocity  of  the  smoke  from  an  exploded  charge  of  guupovrder 
in  a  part  of  the  gallery  of  nearly  uniform  sectional  area ;  and  this,  until  recently,  was  the  means 
most  generally  adopted  in  the  coal  mines  of  this  country  for  ascertaining  the  velocity  of  air- 
currents  ;  and  although  it  has  of  late  been  largely  superseded  by  the  use  of  Benjamin  Biram's 
anemometer,  the  practice  is  still  in  considerable  use,  and,  so  far  as  regards  shaft  velocities,  remains 
the  only  method.  It  is,  therefore,  desirable  to  ascertain  how  far  the  results  obtained  by  tliia  and 
similar  methods  of  measuring  air-currents  can  be  relied  upon  for  accuracy,  and  to  investigate  the 
various  sources  of  error  connected  with  them,  with  a  view  of  either  avoiding  or  making  proper 
allowances  for  their  effects,  so  far  as  may  be  practicable. 

The  sudden  explosion  of  gunpowder  in  the  confined  passages  of  mines  produces  several  effects, 
which  tend  to  cause  inaccuracies  in  the  results  obtained  by  noting  the  passage  of  the  smoke  as  an 
index  of  the  velocity  of  the  current. 

Experiments  prove  (as  indeed  might  have  been  anticipated,  considering  the  email  quantities 
of  gunpowder  used)  that  in  general  neither  the  increase  of  bulk  due  to  the  introduction  into  the 
current  of  the  products  of  combustion,  nor  that  due  to  the  elevation  of  temperature,  have  any  appreci- 
able effect  on  its  velocity.  But  other  experiments  show  that  the  force  of  the  explosion,  when  a 
considerable  quantity  of  gunpowder  is  used  in  a  feeble  current,  gives  an  impulse  to  the  current, 
and  creates  a  velocity  in  excess  of  the  normal  one.  A  revolving  anemometer  was  placed  in  an  air- 
passage  traversed  by  a  feeble  current,  so  regulated  as  to  be  just  strong  enough  to  produce  thirty 
revolutions  of  the  instrument  a-uiinute.  The  explosion  of  a  cubic  inch  of  gunpowder  at  a  distance 
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of  70  feet  did  not  in  nny  uny  affect  tho  instrument  :  bnt  when  the  chart*  ft  t"*|M^'LT  was 
increased  to  20  cubic  inches,  the  explosion  caused  a  sudden  MM!  violent  inamae  ofiu  rmU>  >4 
revolving,  acting  as  a  temporary  impulse,  the  revolutions  very  quickly  deaitesteaj  to  (he  etfatoal 
number  again.  Tho  same  effect  is  also  clearly  abown  in  the  second  acnea  of  expeniBeata,  pace  77. 
The  amount  of  error  arising  from  this  Bource,  and  which  tend*  to  nenmt  the  •pjmrnrt  vXeHyi 
depends  on  tlie  quantity  of  gunpowder  used,  the  sectional  an*  of  the  air-way,  *MtlW  velocity  of 
ng  with  tin-  quantity  of  gunpowder  employed,  but  ilrmaaaiiif  a*  U*e  sectional 


the  current,—  increasing  with  tin-  quantity  of  gunpowder  employed,  but  ilrmaaaiiif 
area  of  tin-  uir-vsay  and  tin-  \i  1.  «-ity  of  the  ourn-nt  nrw  increased,  ao  that  the  explosion  of  a 
quantity  of  gunpowder  in  a  feeble  current  of  air  passing  orer  a  abort  «*H*n*t  to  a  gallery  of  amll 
heetional  ana  \\ill  I*;  attended  with  the  greatest  errors  ;  bat  as,  under  UM  ordtoary  easkiitksM  of 
tin  •  currents  and  air-ways  of  mines,  1  cul>i<-  inch  .  .f  gunpowder  d<*«  not  give  rise  to  any  aMMhla  era* 
from  the  cause  alluded  to,  and  as  it  affords  sufficient  smoke  to  be  readily  observable  at  a  distaaea 
of  200  feet,  that  quantity  has  been  adopted  as  a  standard,  and  used  in  UM  cxperUMBts  MMie  ky 
Atkinson  and  Dagli.-h. 

It  appears  to  be  very  desirable  that  a  standard  quantity  of  pin  powder  tboald  be  employed  to 

•  ther  in  the  ordinary  measurement  of  air  or  in  conducting  experiment*,  to  enable  cam- 

.*  to  be  made,  as  any  variation  in  this  respect  will  give  rise  to  discrepant  remits. 

If  a  d  largo  of  gunpowder  be  exploded  in  an  air-current,  an<l  toe  velocity  of  Ha  nuoke  b*  ttowd 

ovi  r  a  series  of  consecutive  and  equal  distances  in  on  uniform  air-wk.  it  will  be  found  ID  bv  »|«J»- 

a  stiaatof 


most  rapid  near  the  point  of  ignition,  and  to  decrease  gradually  as  it  flic*  to 
distance  from  that  point.    This  is  a  most  serious  source  of  ermr,  and  may  be  ay**-*  as  foul  to 
:  uracy  of  this  method  of  di-terminin^  tin-  velocity  of  a  current  «>f  air. 

(bliowing  experimeuts,  selected  from  many  others  giving  similar  rwolta,  aitaMiih  wbat 
Has  lieen  just  stated. 

The  charge  in  each  of  these  experiments  was  1  cubic  inch  of  gunpowder.  »lii<-h 


i  to  the  windward  of  tho  commencement  of  the  first  space,  or  interval  of  15  feet,  ami  UM 
time  was  noted  when  the  smoke  reached  the  commencement  and  also  the  end  of  each  of  UM  t*w 
intervals  of  25  feet,  into  which  tho  total  distance  of  50  feet  was  divided. 

EQUAL  QUANTITIES  or  GUNPOWDER  AT  DIFFERENT  VELOCITIES. 

Time  in  passing          Time  In  pasting  A««e»  V.fadtj«ftfj« 

OTCT  First  Interval     orer  Second  Intenral           ToUJ  Time  Alr^urmil.  at  Mkslstf  by 

t-x                          of  25  feet  ikafllsoks. 

15"           ....        21"          ....        36"  ....          83  feet  a-minnta. 

12J"         ....        15J"         ....18  » 

5"          '.'.'.'.          5J"        '.'.'.'.         10J"         ..'.'.        885          I 

In  the  above  experiment  it  will  be  noticed  that  in  all  cases  the  time  occupied  to  passiigoter 
the  second  interval  is  greater  than  that  occupied  in  passing  over  the  first :  and  It  is  furtberulisarv. 
able  that  this  difference  decreases  as  the  velocity  of  the  uir  increases.    At  the  low  tew 
83  feet  per  minute  the  tim.-.s  are  15"  and  21' .  In-ing  a  difference  of  40  per  cent,  of  the  MSBST  I 
her  velocitj  of  285  feet  a-minute,  the  difference  between  5"  and  ft)   < 

to  ll»  per  i 

The  charge  of  gunpowder,  in  the  two  following  scnos  of  experiments,  was  tar 
„,„!  ,  to  the  windward  of  the  find  interval :  the  tim-  1-  in*  »>..t.-l .  «  >"  f- 

.ioke  reached  the  commencement  and  also  the  end  of  each  of  UM  two  intervals  of . 

DIFFERENT  QUANTITIES  or  GUVFOWDEB  AMD  EQCAL  VEUxanM 


Time  to  DMrin«         Tun.  In  m-Jim 
w  8wowfU*erv 


.  sf  A*. 

' 
U*erv*l       Total  TlSM. 


<  .      : 

i    ••••    f:    ••••    jj::    ••     gi 

20  15"         ....         24'  Uf 


**>  «•»*..  ta 

aWt  **^kMftV  (••*• 

MHM^ftVifi^X 


!  5"         ....  »"  ><>" 

4  5"  5"         .... 

20  i  ** 


be  observoil  in  these  experiments :-  Int.  Th«t  in  a  alow  corrnit  (78  »jet  a-^tojtsX 
ichea  of  ganpowder,  the  time  occupied  hjr  the  «n«*e  in  l«mff/ 
was  60  per  W  more  than  it  ^^M-r^r*^ 


vel.H-ity  is  greatest  wh« 

and.  therefore,  ^^-  _f  r.,.   . 

.two  to  thirtyniit,, )  «.ih  the  low  w**"7«  Jy«* 

u      o_i   TV-**! IUMM.MIM  AMbvBT  tieflMHMMWW 


in  the  proportion  oi  eigniy-n      »»  uunjii  ,     ,   .  .         .     • 

inehesof  gniuH.«d.rin-tea.lof  1  inch.     3rd.  Tlmt  tlie«- di-rr.  i«i><-.. 

ea,  and  arc  hardly  itp|«r.-»t  at  high  velocities,  as  will 
Tho  smoko  moulting  fn.m  the  explosion  of  |  SiCiW  !*!••• 

current.    This  has  been  obeervcd  by  previous  expertaMBtiilt.  an 
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and  Daglish,  by  substituting  turpentine  smoke,  which  can  be  observed  at  a  distance  of  50  feet,  but 
which  dissipates,  and  cannot  be  accurately  observed  at  100  feet. 


ONE  CUBIC  INCH  GUNPOWDER. 

First  Interval    Second  Interval  Total 
of  25  feet            of  25  feet. 

17         +         21  38 

13J       +         16$        =  30 

7        +          9        =  16 


First  Interval 
of  25  feet 

11 
10 

8 


Second  Interval 
of  25  feet. 

14 

12         = 
8 


Total 

25 
22 
16 


It  will  bo  noticed  that,  whilst  gunpowder  smoke  required  38 ',  30",  and  16"  respectively  to 
travel  a  distance  of  50  feet,  in  a  current  having  the  same  velocity,  turpentine  smoke  required  only 
25",  22",  and  16".  But  it  may  be  observed  that  experiments  made  with  turpentine  smoke  are  very 
unsatisfactory.  The  turpentine  cannot,  like  gunpowder,  be  ignited  in  a  large  quantity  simultane- 
ously, but  resembles  more  the  ignition  of  a  train  of  gunpowder ;  added  to  this,  the  resulting  smoke 
is  very  difficult  to  discern,  and  is  soon  dissipated. 

Experimentists  who  have  written  on  this  subject  have  also  noticed  another  source  of  error  in 
all  currents,  especially  in  the  more  feeble,  in  the  eddies  and  streams  of  varying  velocity  which 
almost  always  exist :  and  when  any  small  particles  or  light  bodies  are  introduced  into  the  currmt.s, 
u  part  of  them  get  into  the  axis  of  greatest  velocity,  and  give  a  result  higher  than  the  average  ; 
other  portions  fly  too  slow ;  and  even  on  the  average  of  the  first  and  last  particles  traversing  the 
distance,  the  reoults  are  too  low. 

Similar  remarks  are  applicable  to  the  use  of  smoke ;  at  least  MODS.  Jochams  ('  Annals  des 
Travaux  Publics  de  Belgique,'  vol.  ix.)  came  to  these  conclusions  on  comparing  the  results  of  his 
experiments  by  these  modes  with  the  corresponding  and  simultaneous  observations  made  witli 
Combes'  anemometer.  The  results  of  his  experiments,  indicating  the  distances  traversed  per 
second  by  the  different  agents,  are  given  in  the  following  tabulated  form :  » 


Metres     .  . 
,, 

Velocities 
deduced 
from  Mons. 
Combes' 
Anemometer. 

VELOCITIES  OF  THE  CUBBBKT  OF  Aia  OBSEBVED  WITH 

Down. 

Powder  Smoke. 

Amadou  Smoke. 

First  of 
Smoke. 

Average  of 
Smoke. 

First  of 
Smoke. 

Average  of 
Smoke. 

4-84 
1-53 
2-34 

1:67 

2-78 

1:25 

2-00 

I'M 

2-50 

i-ia 

2-00 

4-31 

In  reference  to  the  down  especially,  if  it  got  out  of  the  axis  of  the  air-way  where  the  most  rapid 
•current  prevailed,  it  adhered  to  the  damp  walls  of  the  gallery,  and  was,  consequently,  greatly 
retarded. 

The  various  sources  of  error  connected  with  the  use  of  gunpowder  smoke  are  given  in  the 
following  tabular  form  : — 

CAUSES  OF  EKROE  IN  EXPERIMENTING  ON  THE  VELOCITY  OF  AIK-CUKEENTS  IN  MINES, 
BY  MEANS  OF  GuNPOWDEK  SMOKE. 


Cause. 

1. — The  expansion  of  the  whole 
column  of  air,  by  the  addition  to  it 
of  the  results  of  the  combustion  of 
gunpowder,  and  by  the  heat  de- 
veloped (of  slight  magnitude). 

2. — The  explosive  force  of  gun- 
powder (of  considerable  magnitude). 

3. — Diffusion  or  deposition  of  the 
smoke. 

4. — Eddies  and  currents. 

5. — The  density  of  the  smoke. 


Tending  to  increase 
apparent  velocity  owing 
to  two  causes,  viz. : — 


Effect. 

1. — The  conversion  of  a  small  por- 
tion of  solid  gunpowder  into  gas. 

2. — The    further    expansion    of 
this,  owing  to  the  high  tempera- 
ture of  ignition. 
\     Tending  -to  increase  the  apparent  velocity,  and  can  be 
J  avoided  with  care. 

I      Tending  to  decrease  very  considerably  the  apparent  ve- 
)  locity. 

1      Giving  rise  to  serious  irregularities,  materially  affecting 
J  the  accuracy  of  the  results. 


Precautions  to  le  used  in  Experimenting  with  Gunpowder  Smoke. — By  the  use  of  fixed  quantities 
and  distances,  and  the  avoidance  of  extreme  velocities,  an  approximation  to  accuracy  in  the  measure- 
ment of  air-currents  by  gunpowder  smoke  may  be  attained  ;  and  the  numerous  experiments  made 
by  Atkinson  and  Daglish  suggest  the  following  precautions  as  being  necessary : — 

1st.  Always  to  use  1  cubic  inch  of  gunpowder  as  a  standard. 

2nd.  The  velocity  of  the  current  never  to  be  less  than  100  feet  a-minute,  nor  to  exceed  500  feet 
a-minntc.  In  order  to  attain  this,  a  gallery  of  such  area  must  be  selected  as  will  afford  this 
velocity  of  current. 

3rd.  The  time  not  to  be  less  than  twelve  seconds,  nor  to  exceed  thirty  seconds. 

4th.  To  explode  the  gunpowder  10  feet  to  the  windward  of  the  first  mark. 

Therefore,  in  slow  currents  of  from  100  to  250  feet  per  minute  velocity,  the  distance  to  be  taken 
over  which  the  smoke  passes  will  be  50  feet ;  and  for  the  higher  velocities  of  from  250  to  500  feet, 
the  distance  •will  be  increased  to  100  feet. 
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AX  Axnovrmi 


GCXPOWDU  SMOKE. 

WAUOXQ. 

AXOMIBBft. 

Equal  Distances. 

Equal  Time*. 

50  feet 

200  feet. 

30  MOOD*. 

soofc* 

' 

.  •    -.    . 

AB. 

CD. 

•  V. 

OH. 

.- 

-., 

Feet  a-minute. 

Feet  a-mlnule. 

Feet  a-mlnuic. 

Feet  a-nilnntr. 

I-  .     .    '.    :.. 

»._  .  _^_. 

1 

125 

100 

.. 

88 

44 

2 

158 

1G2 

.. 

90 

\n 

3 

lu'ti 

171 

LM 

103 

140 

4 

250 

214 

228 

l»s 

.  • 

5 

285 

.. 

IM 

'.     : 

0 

300 

255 

263 

Hi 

1     : 

:•• 

7 

353 

307 

307 

307 

Ml 

:  .i 

8 

461 

413 

428 

413 

407 

435 

y 

545 

500 

502 

i  i 

IM 

507 

Explanation  of  TMe  I.  and  FUj.  14!).— A  B  column.  In  thneo  experiment*  Uio  time  during 
which  the  powder  smoke  travelled  n  distance  of  ,'iu  t, ,  t  was  observed,  ami  fnmi  it  tlio  vdodty  per 
ininuto  calculated  ;  thus,  in  the  tint  experiment  the  time  tut  orrupjul  wiw  '24".  indicating  • 
of  125  feet  per  miiiuto ;  this  ia  the  ordinary  mode  of  liudiug  the  velocity  of  air  by  l""«fif 


It  will  be  observed  that,  owing  to  the  distance  travelled  over  by  the  oooke  beiag  abort,  the 

velocities  of  the  smoke  arc  iu  excess  of  the  true  vclocitir.s  <pf  tin-  »ir. 

In  column  CD,  tho  dihtanco  over  which  the  tim<-  <.f  th<-  |»>\«d(>r  moke  b  Mini  b  lOOfrti 
!  <>f  Tii)  fc.  t ;  mid  it  will  !.<•  <.!.-,  rv.-d  tlmt  tin-  u|i|«in-ut  vclocttie*  ben  are  lew  tbmit  tbe  trae 
OUCH,  excepting  in  thu  two  fii>t  c\|K-rini' ut.i,  when-  tho  ooutrary  raralt  i*  duo  ptoLmUy  to  tbo 
c.\j'l"-ivc  f.-ri'--  i-f  tin-  Kunjiowilrr  in  n  f«-t-lilc  riirn-nt. 

Colinnu  K  F.— KxjM-riincntu  inndo  l>y  u.-in^  "c-<|ual  times  *  ioetead  of  w  equal  dktaaeea,"  *t*\ 
varying  tho  dutauce,  eo  that  iu  c-uch  cxi>eruueut  tho  ttuu  of  tlHtnatim  WM  u  imriy  M  |inaible 
the  same. 

Column  G  II.— Exj^rimonU  rondo  by  walking  200  feet  with  a  lighted 
the  time,  and  cnlruluting  M  l.«-ity  JMT  miiiuto  therefrom. 

:ioi.,.  t,  r  coliiiini.s  give  tlio  M-locity  M  recorded  on  the  dial  of  a  Hiram'*  i 
rtiidiugu  reijuiri!  curnftion  l>y  tin-  foriiiula,  for  thi«  iiiftrumotit  nearly,  V  *  "97  B  +  40, 
whrre  V  -  th<-  \rlfM-ity  of  tlie  air-current  in  f<^-t  u-iuinute; 
und  K  =  tho  revolution*  of  tho  aucmomctcr,  M  ahown  by  the  index  on  iU  dial,  ia  tbe 

»aroe  tiiii<\ 

Thrao  CXIK  nun  nu  wcro  conducted  with  tho  greatett  earn,  in  a  galtary  of  •  mine  enekDy 
!.d:i].t.'d  for  the  purpose,  by  being  made  perfectly  1,  \.  I.  und  of  uniform  •rcUouel  arra :  dttrtBR  tbe 
••xjMTim.'iit.-i  the  v.  lo-'ity  was  kept  an  ootutatit  M  <  t.  I  v  kr*pinir  UK-  »»t.  ? 

<>f  tlmt  ]>:irt  of  the  inino  at  a  uniform  height.    The  obeemuuHe  were  taktn  • 


h«'.-i, lids' watch,  hiKH-ially  iidiijiti-d  to  this  purpose,  and  all  i  \|«>rimeni 

a  could  IM;  obtained  ;  l.ut  even  under  these  circumstaucn,  which  in  ftrnerai  will  notumoQ 
for  ordinary  iiirMMiremcnta in  iuine^gn»tuU»arepaiKrfe»  are ubea^a 
l>y  timing  nuoke  over  e.jiial  distances,  and  those  obtained  either  by  tin' 

r  ov.T  e.|n;,|  di  i  s  of  diili  rent  ^"g***^     Doubtless  eneli  an 

found  for.-«i  regulating  tho  ilist»nro  t<»  IK)  traversed,  tbeamoontof  |*imil 

durntion  of  (In- .  \|>eriment-i,  ax  tlmt  with  groat  caro  nearly  accurate  mnlteenmM  beoUalto- 

the  dilliculty  of  ol.taining  galleries  fully  adapted  for  the  purpose,  by  their  uniformity  ef  eeHk 

\c.,  and  tho  numerous  chaueee  of  error  in  obeenratmi  are  to  cinat,  Uwt 
that  there  hhonld  bo  wimo  more  ready  ami  aoontmta  nn.le  ,.f  a«vrtetoniK  tbe  veJsjtttai ef 
of  air;  anemometers  of  various  construetione  have  of  Uto  been  nmre  or  less 
i)iir|H.se.  and  it  is  therefore  important  to  iisivrtniu  bow  far  the  IndknUoW el  sue 
tie  relied  ui»oii  for  accuracy. 
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Revolving  Anemometers. — The  anemometer  most  generally  used  in  the  coal  mines  of  England  is 
that  invented  by  Benjamin  Birani,  shown  in  Figs.  150,  151,  152.     It  consists  of  a  series  of  vanes, 


D,  E,  Fig.  152,  which  resolve  with  the  action  of  the  air-current— the  number  of  revolutions,  or 
rather  numbers  proportional  to  the  revolutions,  being  registered  by  pointers,  P,  on  the  face  of  a  dial 
forming  apart  of  the  instrument  itself.  It  ,„ 

is  made  of  three  sizes,  4,  6,  and  12  inches  ;  is 
very  portable ;  and  is  not,  with  proper  care, 
liable  to  get  out  of  order,  especially  the 
smaller  size.  A  certain  force  of  current  is 
required  to  overcome  the  friction,  and  put 
the  instrument  into  motion.  The  plate  spur- 
wheel  C,  Fig.  150,  as  it  moves  in  a  horizontal 
plane,  relieves  the  step  B,  Fig.  150,  from 
undue  pressure,  and  thus  tends  to  lessen  the 
amount  of  friction.  Some  of  these  instru- 
ments will  continue  to  revolve  in  a  current 
as  low  as  30  feet  a-minute ;  but  with  most  of 
them  a  velocity  of  about  50  feet  is  required. 
Every  one  who  has  occasion  to  use  this 
anemometer  should  be  aware  that  it  does 
not  register  the  actual  velocity  of  the  air, 
especially  in  feeble  air-currents,  nor  yet  the 
number  of  revolutions  of  the  wands,  but  only 
a  number  proportional  to  the  latter;  and 
although  it  is  of  great  value,  as  indicating 
an  increase  or  decrease  in  the  velocity  from 
time  to  time,  such  as  the  periodical  variations 
in  any  particular  current,  it  is  of  compara- 
tively little  value,  as  generally  used,  for  ascer- 
taining real  velocities,  such,  for  instance,  as 
occur  in  changing  or  splitting  air-currents, 
when  it  is  of  great  importance  to  know  the 
actual  quantities.  To  obtain  with  this  instrument  accurate  results,  available  for  all  purposes,  it  is 
necessary,  as  with  Combes'  anemometer,  to  apply  a  formula  to  its  recorded  revolutions,  or  rather  to 
the  number  indicated  by  the  index,  in  order  to  ascertain  the  actual  velocity  of  any  current ;  each 
particular  instrument  requiring  special  experiments  to  be  made  with  it,  in  order  to  determine  the 
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for  the  same  instrument,  so  long  as  it  remain*  iu  the  same  condition,  and  ai 
velocities  of  the  currents  of  air  in  which  it  id  emplou-d.     Huwt-vi-r.  it  u  nrnisaeijl      • 
these  adjustments  are  carefully  made  by  the  principal  manufacturer  John  Davit,      • 
who  is  a  man  of  considerable  mechanical  skill. 

In  anemometers  made  like  that  shown  in  Fig.  152,  the  mechauuon.  dial,  and  pointers  are  nfeeei 
in  the  centre.     The  arrangement  does  not  esHeutmlly  differ  fnan  tlmt  shown  lit  Pin.  HflLlJ 
X  Y  is  the  cylindrical  case  iu  which  tlie  fan-wheel  revolve*,  supported  b»  the  nurirfat  ban  ti  S  • 
H,  handle  by  which  the  instrument  is  hrld. 

In  Figs.  150,  151,  part  of  the  mechanism  is  contained  in  •  wnall  box.  Z,  ant  the  fba  Thirl. 
which  is  thus  allows!  more  play.  A,  F,  are  small,  delicate  tixlca,  upon  which  an  cot  endlea 
A,  F,  which  drive  sm.ill  wh.i-ls.  C.  D. 

The  registering  apparatus  is  in  front  of  tho  wheel,  and  eonaiste  of  six  mall  circles. 
respectively  X,  0,  M.  X  M,  C  M,  and  M,  the  divisions  on  which  denote  tmiU  of  toe 


of  the  respective  circles  ;  in  other  words,  the  X  index  in  one  revolution  pups  over  iU  ton  division*. 
and  registers  (10  x  10),  or  100  feet  ,  the  0  index,  in  he  same  way,  1000  fort  and  K>  on  up  to 
10  million  feet;  so  tlmt  an  observer  has  only  to  record  the  position  of  the  amend  mdkca.  el  tho 
first  observation  (l>y  writing  the  lowest  of  tlie  two  figure*  on  the  respective  circles  between  whteh 
the  index  points,  in  their  proper  order),  and  deduct  the  amount  from  their  poattion  at  the  tmmA 
observation,  to  ascertain  the  velocity  of  the  air  which  has  paawd  during  the  interval.  Thk. 
multiplied  by  the  area  iu  feet  of  the  passage  wlu-rv  the  iustruuicut  is  placed,  will  abow  the  nombor 
of  cubic  feet  which  has  passed  during  tlie  same  jxTiixl. 

To  ascertain  the  rate  at  which  air  is  moving,  proceed  thus:—  suppose  100  revolution*  a  200  feet 
per  minute. 

88]  200  [2-27  miles  an  hour. 

To  obtain  the  constants  of  this  formula,  as  applicable  to  any  particular  instrument,  it  u 
absolutely  necessary,  in  making  the  experiments,  to  know  correctly  tin-  trim  velocity,  as  a  standard 
of  comparison.  As  before  explained,  none  of  the  ordinary  modes  employed  for  aarrrUmins;  the 
real  velocities  are  reliable  ;  Atkinson  and  Daglish.  therefore,  Iiad  a  Whirling  Machine  eonstnKtoi, 
the  wand  of  which,  in  revolving,  described  a  circle  of  25  feet  in  circumference  ;  the  Bomber  uf  iu 
revolutions  being  indicated  by  a  pointer  on  a  dial. 

In  the  iirst  iii.-tane,-.  this  Whirling  Macliine  was  turned  by  the  hand,  but  M  this  did  not  give  a 
sufficiently  uniform  velocity,  a  small  drum,  and  a  rope  with  a  descending  weight  attached  to  it, 
was  employed,  to  give  motion  to  the  machine  ;  and  worked  thus  it  gave  extremely  accurate  nwolU  ; 
so  far,  at  least,  as  regards  the  uniformity  of  its  own  velocity.  By  fixing  the  anemometer  on  the 
end  of  the  wand,  the  velocity  with  which  it  passes  through  the  air  can  be  ascertained  and  eom- 
j-nr.-i  with  the  revolutions  of  the  anemometer,  as  indicated  on  iU  dial.  Fig.  138  represent*  tats 
machine. 

153. 


It  hos  been  atated  by  some  writers  that  there  i«  •  diflbwoee  between  the  tow  <*  jj"H"»  «{  *jf 
ing  .,,-,„  a  IxKly  at  reet,  and  tlie  lerisuoee  which  a  body  movinj  through  a  •! 
meets  with  in  its  passage,  supposing  tho  velocity  to  be  the  same  in  each  ease. 

..f  a  knly  moving  in  a  circle,  in  a  rtill  atmosphere,  may  not  be  the  samr  « 
»  ^might  lino     The  exporimrnt-  ..f  IlulU-n  and  others  appear.  Dowrvw.  •»  J»*fcl 
of  impact  of  a  win<!  against  a  stationary  body  is  »lway»  pmpnrUi 
moved  through  a  still  atmosphere,  meet*  with  at  the  same  vetodt] 
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Comparison  of  Governors. — The  following  experiments  were  made  with  tlio  Whirling  Machine, 
.  the  results  axe  given  both  in  a  diagram,  Fig.  154,  and  iu  a  tabulated  form,  Table  II. 


and  the 


Scale  40  feet  a-minute,  half  an  inch. 

In  this  diagram  the  different  bent  or  crooked  lines  are  drawn  through  the  points  found  by 
taking  the  actual  velocities  of  the  anemometer  through  a  still  atmosphere,  and  the  numbers 
indicated  by  the  pointers  of  the  anemometer  as  being  passed  over  in  the  unit  of  time,  as  the 
co-ordinates  of  a  line  or  curve  in  each  series  of  experiments  made  at  different  velocities  under 
the  same  conditions,  and  with  the  same  anemometer.  A  sufficient  number  of  the  co-ordinates  are 
transferred  from  Table  II.  to  Fig.  154,  to  connect  the  Table  with  the  Figure. 

The  anemometers  at  the  commencement  of  the  experiments  were  made  to  revolve  by  the 
Whirling  Machine  in  a  circle  only  10  feet  in  circumference ;  but  as  the  rate  of  revolution  appeared 
to  be  somewhat  irregular,  a  flat  board,  intended  to  regulate  the  motion  and  render  it  uniform,  was 
fixed  at  the  end  of  the  revolving  wand  opposite  to  that  at  which  the  anemometer  was  fixed ;  and 
the  experiments  shown  by  the  lines  A  B,  C  D,  were  made,  the  former  with  the  regulating-board 
projecting  downwards,  and  the  latter  with  it  projecting  upwards,  from  the  revolving  wand. 

The  discrepancies  between  these  lines  are  so  slight,  that  the  mere  position  of  the  regulating-board 
does  not  appear  to  have  any  sensible  effect ;  the  changes  in  the  state  of  hibrication  of  the  anemo- 
meter, and  errors  of  observation,  being  sufficient  to  account  for  the  slight  differences  that  exist. 

The  line  E  F,  in  the  same  diagram,  exhibits  the  results  of  certain  experiments  made  witli  the 
same  anemometer  in  the  same  sized  circle,  but  without  any  flat  board  or  governor  on  the  wand  ; 
and  as  these  experiments  give  results  differing  considerably  from  the  two  lines  obtained  with  the 
governor  on  the  wand,  we  infer  that  the  governor  really  produces  some  effect. 

As,  however,  all  the  three  lines  are  sensibly  straight,  the  inference  is  that  the  effect  does  not 
arise  from  any  greater  uniformity  in  the  rate  of  motion  with,  than  exists  without,  the  board; 
because  so  long  as  the  lines  are  straight,  it  follows  that  an  average  speed,  however  irregular, 
would,  on  the  whole,  give  the  same  general  results  as  a  uniform  speed  equal  to  such  average; 
and  hence  we  infer  that  the  governor  only  produces  an  effect  that  is  disadvantageous,  arising 
probably  from  disturbing  the  stillness  of  the  atmosphere  iu  which  the  experiments  ajc  conducted. 
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On  these  considerations  we  nre  led  to  reject  the  experiment))  made  with  the  ganruan,  and,  ao  fcr, 

udopt  those  shown  by  the  line  E  F,  in  which  no  pt>vernor  wn»  i 

This  view  was  partly  continued  on  u»inj»  n  lon-,-r  \van.l,  niul  rniuing  the 
in  a  circle  25  feet  in  circumference,  in  lien  of  mie  <>f  only  10  ftt-t  in  rm-nmfe 


circumstances,  tlie  irregularity  of  the  rate  of  revolution  i*  innch  lew  n|>i«trvut 

Tlut  results  of  the  experiments  ^ive  a  straight  liin-  in  tin   .liitjfnuu.  nnd  ICM!  tna  fonauU  of  It* 
form  of  V  =  wR  +  «,  the  same  aa  arrived  at  by  M    (  ..n,l..  -.  ui..  r.    \        n|  It  » 

revolutions  of  anemometer,  or  rather  the  number*  indicated  by  it*  ii.  unit  <4  \\ux>\  mt»\ 

m  and  •(,  coustuutd,  suited  to  the  friction  of  the  anemometer,  the  funti  of  the  vauc*,  and  lite  <l«Mtty 
of  tlie  air. 


TABLE  II.  —  EXPERIMENTS  MADE  WITH  A  6-ixcn  BIKAM'S  Axmowcra  TO 

OF   PLACING  A    BOARD  OX    THE    ESI>   OK   THE    WAND   OF  THE  WlllUUSti 

GOVERNOR,  THE  CIRCLE  DESCRIBED  uv  THE  WAND  BEING  25  rcrr  is 


•AIX 


TO  ACT  A. 


WITHOUT  THE  GOVERNOR  OB  DOAKD. 
LINE  K  F. 

HOARD  UrwAtoa. 
LIXR  A  a 

i 
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The  experiments  represented  by  the  lino  E  F  in  the  diagram  are  fairly  represented  by  the 
fornmla  V  =  '9685  R  +  40-5. 

The  rejected  line  A  B,  in  this  diagram  represents  experiments  made  with  an  anemometer 
revolving  in  a  horizontal  circle  25  feet  in  circumference,  through  a  still  atmosphere,  with  a  governor- 
board  2  feet  in  area  fixed  upwards,  at  the  contrary  end  of  the  warn!  to  that  on  which  the  anemo- 
meter was  fixed,  and  give  rise  to  a  similar  formula,  namely,  V  =  -9197  R  -f-  40 '5. 

While  the  rejected  line  C  D,  represents  experiments  made  under  similar  conditions  with  the 
same  anemometer,  excepting  that  the  governor  in  this  case  was  turned  downward,  and  give  V=  '9  R 
+  45-3  ;  so  that,  on  the  whole,  the  use  of  the  governor  appears  to  increase  the  numbers  indicated 
by  the  index  of  the  anemometer,  excepting,  perhaps,  at  very  low  velocities. 


4-Inch  Biram, 
V='9578  R+ -47-53. 

The  experiments  from  which  this  diagram  was  constructed  are  as  follows : — 

TABLE  IV. — EXPERIMENTS  MADE  WITH  THE  THREE  SIZES  OF  BIRAM'S  ANEMOMETERS  TO  ASCERTAIN 
THE  CONSTANTS  m  AND  a  IN  THE  FORMULA  V  =  m  R  +  a  FOR  EACH  INSTRUMENT,  THE  TRUE 
VELOCITIES  BEING  ASCERTAINED  BY  PASSING  THE  ANEMOMETERS  THROUGH  A  STILL  ATMOSPHERE 
AT  KNOWN  VELOCITIES  BY  THE  WHIRLING  MACHINE,  IN  A  CIRCLE  OF  25  FEET  IN  CIRCUMFERENCE. 


*i 

1 

I 

H 

•5 

i 

i 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

LINE  A  B,  4-ur.  ANEMOMETER. 

LINE  C  I),  6-iK.  ANEMOMETEB 
(same  as  E  F,  Fig.  154). 

LINE  E  F,  12-iN.  ANEMOMETER 
(same  as  C  D,  156,  and  A  B,  158). 
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VELOCITY. 
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More. 
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132 
132 
142 
152 
167 
173 
180 
200 
203 
205 
209 
249 
250 
210 
275 
273 
287 
286 
337 
368 

150 
156 
175 
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183 
192 
206 
212 
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234 
242 
242 
247 
281 
283 
247 
306 
306 
317 
321 
371 
400 

150 

19 
46 
55 
67 
93 
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119 
151 
186 
185 
215 
257 
267 
268 
288 
305 
313 
313 
327 
333 
345 
378 
382 

79 
96 
102 
108 
137 
158 
158 
183 
208 
208 
236 
276 
283 
283 
300 
317 
325 
325 
342 
350 
358 
392 
392 

78 

318 
392 

1 

1 

193 

1 

244 

2 

401 

1 

Comparison  of  Anemometers. — Fig.  155  exhibits  graphically  the  results  of  experiments  made  with 
three  Biram's  anemometers  of  the  different  sizes,  on  the  Whirling  Machine,  in  a  circle  of  25  feet  in 
circumference,  without  any  governor.  We  observe  that,  for  the  4-inch  and  6-inch  anemometers,  the 
lines  are  sensibly  straight,  and  the  formula  consequently  simple,  and  of  the  form  previously  indi- 
cated. With  the  12-inch  anemometer,  however,  the  line  is  curved,  and  the  formula  complicated, 
and  troublesome  in  consequence ;  and,  although  the  friction  of  this  large  anemometer  is  somewhat 
greater  than  that  of  the  smaller  ones,  the  difference  in  this  respect  is  trifling ;  even  the  large 
instrument  would  apparently  be  kept  in  motion  by  a  velocity  of  64  feet  per  minute,  or  little  more 
than  1  foot  per  second :  and  as  friction  must  be  allowed  for  in  all  cases,  its  amount  is  of  no  great 
importance,  within  moderate  limits.  It  is  not  very  easy  to  account  for  the  curvature  of  the  line 
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given  by  the  largo  instrument,  when  not  observed  in  the  cmaller  one* :  may,  howetei-  aria*  trim 
one  of  two  causes,  or  possibly  pertly  from  both.  The  large  instrument  is  moved  MMuty  quicker 
in  the  circle  of  revolution  nt  its  outer  tlmii  t<t  its  i  ty.  while  thu  diAnM*  of  i 

in  the  two  sides  of  the  anemometer  in  l.-.-s  j.al|.:iMe  in  the  Mimll.  r  one*  ;  and  thb  J 
tend  to  cause  all  the  instruments  to  depart  from  tlie  straight  lin«-.  but  from  MlM  I 
with  HUH  11  instruments,  may  not  be  observable  within  the  velocities  attained  lathe  inpaHim  i  i  : 
or,  apart  from  this  cause,  all  such  anemometer*  may  irive  curved  line*  when  plotted  in  Ua*  «•).  but 
perhaps  quicker  curves  in  lar«*e  than  small  instruments:  cotutderatkxu  a*  to  HftttglK  portability, 
comparative  freedom  from  liability  to  derangement,  and  original  co»t.  all  appear  to  be  (afownhe* 
to  the  use  of  the  G-inch  or  4-iuch  liimni  aiieinotneter,  in  preference  to  the  l£iaeh  one*. 

The  constant  multiplier,  m,  in  these  formula) — which  depend*  to  aone  extent,  lor  its  anvwat, 
upon  the  spur-iri-nr,  and  the  arbitrary  marks  and  numl*  nt  on  the  dial — u  gre*k»t  on  the  6-iaeh,  aad* 
least  in  the  12-iueh  nnemometer;  while  in  the  smallest,  or  4-inch,  it  i*  intermediate ;  proving  that 
it  does  not  necessarily  follow  the  size  of  the  inatruiiu-ut,  but  really  dcpuudj  partly  upuu  the  eoodi- 
tic  ma  just  mentioned. 

1M. 


SECOND  SET  OF   EXPERIMENTS,  HADE  WITH  A  BIRAM'B  12-rxcn  AmmcnraTn,  WITH  Wnunw 
MACHINE,  25-FEET  CIRCLE,  FIG.  150,  MADE  TO  CORROBORATE  ExrcuMnm,  Pio.  155. 


A  B  (NEW  SERIES). 

o  a 

VELOCITY. 

KJUOR. 

VEUJCTTT. 

K~. 

No.  of 
Experi- 
ment. 

Number 
Indicated  by 
Index  of 
Anemometer 

Actual 
Velocity 
*V 

Velodty  cal- 
culated by 
formula  V  «= 
•87*6  R  + 
•0001428  R» 

More. 

Leav 

Numbw 

:    '.      .1    !  !  •• 

ir  !•    : 

Actual 
V«luclty 
=  V. 
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— 

Uav 

=  R. 

+  35-66. 

+  «•!•. 

1 

64 

96 

19 

79 

78 

1 

2 
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46 

96 

.. 

3 

88 

114 

114 

55 

102 

4 

93 

118 

67 

108 

5 

N 

121 

M 

137 

6 

95 

123 

117 
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7 

110 

IM 

M 

119 

158 

8 

l::t 
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.. 
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" 

9 
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l  •»; 

Ml 

10 
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185 

Ml 

.. 

•• 
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167 
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IM 

•• 
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.. 
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Ml 
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15 
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Ml 
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Ml 

817 
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17 

f  f 

313 

Ml 

227 

818 

. 
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19 
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MB 

Ml 

Ml 
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:....i 

Ml 
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Ml 

Ml 

.. 

22 

MB 
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.. 
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Ml 
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•• 
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MB 

. 

. 

25 

84B 

858 

M 
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M7 

27 

8M 

408 

. 

28 

403 

417 
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• 

M 

405 

417 

.. 

. 

*  ' 

30 

410 

417 

417 

. 

\-\ 

Ml 

458 

:;:; 

•j-j  l 
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. 

846 

Ml 

.. 

35 

362 

875 

Compare  of  Anemometer*.  -Pi*  156.   In  <**"*V***»  <**ZS£?*2!?SSSm*  toVtlSl 

required  for  the  12-inch,  and  for  the  6-inch  and  4-taeh  m 
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another  set  of  experiments  were  mndo  to  prove  whether  this  was  owing  to  the  construction  of  the 
larger  instrument,  or  to  some  error  in  observation  in  the  previous  experiments.  The  results  are 
given  in  Fig.  156. 

In  this  diagram  two  sets  of  experiments,  made  with  the  same  12-inch  anemometer,  at  different 
times,  by  the  Whirling  Machine,  with  a  circle  25  feet  in  circumference,  are  compared  with  each  other. 

The  line  C  D  is  the  same  as  the  line  E  F  of  Fig.  155,  and  is  a  curve,  as  lias  been  already  stated ; 
the  line  A  B  is  also  a  curve,  but  approaches  rather  more  nearly  to  a  straight  line,  the  friction 
beim*  at  the  same  time  much  smaller  than  in  the  same  instrument  tried  in  the  experiments  shown 
by  Fig.  155 ,  so  that  the  friction  does  not  appear  to  depend  so  much  upon  the  size  as  upon  the 
condition  of  the  instrument.  This  result  agrees  with  those  obtained  in  other  experiments  with  the 
4-inch  anemometer  (page  78),  which  latter  clearly  prove  that  the  friction  does  not  vary  much  if  the 
instrument  itself  remains  unaltered;  but  from  the  construction  of  the  larger  instruments,  mid 
from  the  nature  of  the  material  of  which  their  vanes  are  formed,  they  are  extremely  liable  to 
Income  disarranged,  and  altered  in  form;  in  fact,  it  is  most  difficult  to  avoid  putting  them  out  of 
form  when  using  them,  and  it  is  extremely  probable  that  the  alteration  in  the  additive  coustaut  is 
due  to  this  cause. 

This  view  is  corroborated  by  Fig.  162,  in  which  it  will  be  observed  that  the  constant  for  one  of 
the  4-inch  anemometers  is  altered  in  consequence  of  its  falling  off  the  wand  and  becoming  deranpred, 
although  no  alteration  in  the  instrument  was  observable  from  the  accident.  Fig.  163  also  eluci- 
dates this. 

Both  the  lines  deduced  from  the  experiments  made  with  the  12-inch  or  large  anemometers  are, 
it  will  be  seen,  curves,  and  require  complicated  formulas ,  while  it  is  somewhat  doubtful  as  to 
whether  the  departure  from  a  straight  line  is  due  to  the  circular  motion  caused  by  the  revolving 
wand  of  the  Whirling  Machine,  or  is  inherent  in  the  nature  of  the  instruments  themselves,  in  which 
latter  case  only  would  it  arise  on  employing  the  instrument  for  measuring  cuneuts  of  air  in  the 
ordinary  way. 

157. 


Board  dtwnon  wand.  25-feet  circle.  V  = 
9  R  +  45'3. 

EXPERIMENTS  MADE  WITH  A  6-INCII  Bl RAM'S  ANEMOMETER  TO  ASCERTAIN  THE  EFFECT  OF  REVOLVING 
IN  CIRCLES  OF  DIFFERENT  DIAMETERS,  WITH  A  GOVERNOR  OR  BOARD  FIXED  DOWNWARD  ON  TUB 
WAND  OF  THE  WHIRLING  MACHINE,  FIG.  157. 


No.  of 
Experi- 
ment. 

LINK  C  D,  25-FEET  CIRCLE.    (C  D,  154.) 

LINE  A  B,  IO-FEET  CIRCLE. 

Number 
indicated  by 
Index  of 
Anemometei 
=R. 

Actual 
Velocities 
=  V. 

Velocity 
calculated  by 
formula  V  = 
•9E  +  45'3. 

ERBOB. 

Number 
indicated  by 
Index  of 
Anemometer 
=  R. 

Actual 
Velocities 
=  V. 

Velocity 
calculated  by 
formula  V  = 
•7676  R  + 
35-3. 
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224 
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145 
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22 

252 
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268 
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23 

253 

273 
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.. 

., 

24 

256 
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Comparison  of  Circles. — Fig.  157  shows  the  effect  of  causing  an  anemometer  to  revolve  in  a  10-feet 
as  compared  with  a  25-feet  circle,  on  the  Whirling  Machine,  with  a  governor  fixed  downwards  in 
both  cases ;  the  line  C  D  is  the  same  as  the  line  C  D  in  Fig.  154,  and  is  for  the  25-feet  circle.  On 
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taking  the  circle  at  10  foot,  the  constant  additive  for  friction  remain*  unaltered,  bat  the 
itself  revolves  quicker  tliau  iu  the  larger  circle  for  equal  velocities  ao  that  the 
is  reduced. 

The  anemometer  was  the  same  C-inch  Biram  in  each  ftff. 

.Comparison  of  Circles,. Fig.  158,  to  corroborate  Expertmntit.  Pig.  157.— This  nciM  of 
like  those  of  Fig.  157,  give  a  comparison  of  the  effect  of  canting 
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of  different  sizes,  with  n  12-inch  in  lien  of  a  6-inch  anemometer,  And  without  goTerenr*.  n«r*, 
ni^iin,  the  instrument  revolves  quicker,  for  a  given  velocity  through  the  air.  in  n  I"  (Wt  than  ia  a 

circle,  showing  that  the  result  is  not  Accidental,  hut  ban  a  came,  depending  far  Mi  aamnl 
upon  the  size  of  the  circle;  and  thi.s  fu«-t  n-inl« -rs  it  pmlwiMe,  tlmt  if  tl<- 

r,  what  is  equivalent,  if  the  anemometer*  wore  moved  iu  a  straight  line  through  a  rtill 
atmosphere,  the  immliers  indinit'-d  l>y  tin-  index  <>f  tin-  iiistriinu-nt  »<uild  be  •MMWBftf  leu  tb*B 
those  obtained  iu  a  25-feet  circle ;  the  difference,  however,  wuuld  iu  all  probability  be  oaalL 

EXPERIMENTS,  FIG.  158,  MADE  WITH  A  12-ixcn  BIRAM'S  Aimonra,  BT  rm  Wanton 
MACUINK,  WITH  A  25-FEET  AND  A  10-rerr  CIRCLE,  WITHOCT  Govnxoa-BuAKM. 
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Comparison  of  Anemometers.—  Linet  fomud  by  EtperimeiU*  mad*  tritA  Cmk*  ^y"M"«fc"%JV  »g 
In  tho  various  experiment*  that  hare  been  made  with  tbeee  InitnimenU  on  U*.  I 

r.-ome  tl.eir  fractional  rerirtanco.  ifl  rimply  proportional  to  the  n 

/                              i  i  _    ,i     .     •     .1  :t  ..r  <:„«.  «•  «W*t  !•  thn  ««m/i  in  tlut  nauiMi  ndi 

Tonnc.     >y     iora  m      o       i    0  , 

|H.int<Ts.  vi\  in-  ri.so  to  an  exprenton  of  tho  form  of  V  •  m  B  -f*  by  ••••• 
of  the  wind  V  can  bo  found  when  we  know  the  number  of  retdottona,  B.ol 
unit  of  time,  a  and  m  being  constant*  for  the  aauic  UwtniiDcnt,  wbftWW  I 

Tho  alx»ve  oxprossion  is  tho  equation  to  ft  •timight  line.    Th»OiaiMiiBl»«( 

1   for  any  instninu-tit  1-y  mtiiiw  <>(  twt.  .  \H-rimcuUl  tnato  of  i 
[ponding  to  <liir<T<?nt 
-jHMidiiu,'  uumlH-rof  rr 
of  M,,h  tr.aN   and  V  and  B' 

=  m  R'  +  (r,  from  whence  m  =  ^_nr  ft»d  a  = 


nt  1-v  meaiw  of  twn  eji|JHiBMBtal  trjftb  of  the  umum^ off 
it  Moertainod  wind  fdodtfei;  thai,  «V»*A  •  ftra  tt» j«h 
revolution! or  indk*ttoM  giren  by  the  pfatanfai  Ike i***""^ 

I  u  th<-K.ii..-  mnetifdj  no  ti:.  othei  tr..,i.  UMI  \      •    I-  •       "Mil 
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The  irregularities  in  the  lino  made  by  this  instrument  are,  doubtless,  caused  by  errors  in  obser- 
vation, and  derangement  of  the  pointers,  as  it  is  much  more  difficult  to  read  off  than  Biram's 
instrument,  under  the  peculiar  circumstances  of  revolving  on  a  wand  in  a  circle ;  but  these  irregu- 
larities would  probably  not  exist  when  using  the  instrument  in  the  ordinary  way  for  measuring  a 
current  of  air.  The  line  for  the  Biram's  anemometer  is  more  uniform,  because  it  can  be  read  off 
with  more  ease  and  accuracy  in  this  kind  of  experiment. 

TABLE  OP  EXPERIMENTS  WITH  COMBES  AND  ROBINSON'S  ANEMOMETERS,  COMPARED  WITH  BIRAM'S 
ANEMOMETER,  ON  WHIRLING  MACHINE,  25-FEET  CIRCLE,  FIG.  159. 


•  •  •  •  j  No.  of  Experiment, 

COMBES'  LINK,  C  D. 

ROBINSON'S  AKEMOMETKR. 

LINE  E  F. 
BIRAM'S  6-ra.  (same  as  E  E,  160). 
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More. 
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201 
213 
317 
324 
325 
332 
336 
433 
359 
369 
433 
448 
480 
491 
529 
529 
552 
613 
616 
618 
618 
641 
690 
722 
752 
756 
740 
797 
811 

225 
233 
308 
317 
325 
325 
358 
408 
342 
358 
392 
408 
442 
433 
458 
467 
475 
533 
533 
542 
533 
550 
583 
608 
625 
633 
617 
650 
675 

226 

•• 

•• 

67 
327 
542 

777 

149 
368 

587 
798 

•• 

*  * 

61 
67 
140 
145 

187 
190 
197 
200 
200 
215 
235 
287 
292 
307 
375 
418 
422 
442 
452 
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482 
485 
577 
592 
605 
617 
685 
690 
750 
775 
785 
785 

125 
125 
187 
200 
225 
237 
237 
250 
250 
250 
275 
337 
337 
412 
412 
450 
450 
487 
487 
512 
512 
512 
600 
612 
625 
637 
712 
712 
775 
800 
812 
812 

124 
811 

124 

811 

•• 

1 

1 

460 

2 

- 

678 

3 

Movinq  Anemometers  in  a  Straight  Line  through  a  Still  Atmosphere,  Fig.  160. — This  figure  exhibits 
the  results  of  different  sets  of  experiments  made  with  a  6-inch  and  4-inch  Biram's  anemometer,  by 
a  person  walking  in  the  still  atmosphere  of  a  large  granary,  and  carrying  the  instrument  in  his 
hand ;  and  another  set  (for  the  purpose  of  comparison  with  those  made  as  above)  by  the  Whirling 
Machine,  in  a  25-feet  circle,  without  governors  on  the  revolving-wand.  The  results  obtained  in 
these  experiments  appear  to  be  both  remarkable  and  important,  inasmuch  as  they  indicate  that 
the  formulas  deduced  from  the  walking  experiments  do  not  agree,  even  within  moderate  limits,  with 
those  obtained  by  the  use  of  the  Whirling  Machine ;  and  it  becomes  a  question  as  to  whether  the 
results  of  either  mode  are  reliable,  and  if  either,  as  to  which  mode  is  so. 

All  the  lines  in  this  diagram  are  more  or  less  curved.  The  line  E,  E,  relating  to  the  revolving 
experiments  is,  however,  less  curved  than  the  other  lines  relating  to  the  experiments  made  by 
walking  in  a  straight  line,  and  carrying  the  instrument  through  a  still  atmosphere.  The  line  E,  E, 
indeed,  may  be  regarded  as  being  nearly  straight.  Of  the  more  recent  experiments,  the  line  D,  D, 
may  be  taken  as  approaching  the  straight  line :  also  the  line  C,  C,  up  to  a,  where  it  rapidly  falls 
off.  This  is  probably  owing  to  errors  at  the  high  velocities. 

The  line  A,  A,  obtained  by  walking  in  a  straight  line,  is  much  more  curved  than  the  line,  E,  E, 
of  the  25-feet  circle, — the  multiplier,  m,  of  the  numbers  indicated  by  the  index  of  the  anemometer 
being  much,  smaller,  and  the  multiplier  of  the  square  of  the  numbers  indicated  by  the  index  of  the 
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anemometer  being  very  much  larger  in  the  experiments  made  by  walking  in  a  straight  UM  the*  {• 
the  revolving  experiment*.     It  appears  to  be  anomalous  tliat  the  lin.*  n  laling  fc>  experiment* 
10-feet  circle  should  be  more  curved  than  those  relating  to  experiment*  in  •  tMeet  e 
the  one  hand  ;  while  the  line  relating  to  experiment*  made  in  a  rtraight  line  An^H  «•»  «t»ii«-— 
hand,  be  more  curved  than  eith>  r. 

Future  experiment*  may  possibly  throw  some  light  upon  this  apparent  anomaly 
It  is  stated  in  Wcisbach's  '  Mechanic*,'  that  from  the-  i-x|«-riu..  nu  of  Du  lluat  and  the**  of 
Thibault,  it  would  appear  that  the  forced  of  tftill  air  agaiuat  a  Oat  aurfacc,  moved  at  illfcaal  Tato 
cities  tlirough  it  in  a  straight  line,  are  proportional  to  the  force*  of  impact  of  wind*  of  the  —  —  • 
velocities,  but  less  than  them  in  the  ratio  of  1  •  4  to  1  •  85  ;  eo  that  if  Vf  be  tnevelacity  of  UM  wind.  at 
Vm  that  of  the  body,  in  the  two  cases,  then  \\  !„  u  the  velocities  are  such  a*  to  make  the  nattiaM 
in  the  one  case  equal  to  the  force  of  im]iact  in  the  other,  we  hare  1'83  V?  =  T4  V*  ,  and 

yi'4 
--—  Vm  =  0-87  Vm,  from  which  we  see  that  the  Telocity  of  wind  only  appear*  to  rcqaire 

to  be  0-87  of  that  of  a  body  moved  through  still  air  hi  a  straight  line,  to  giro  ri*e  to  the  HUM  fbn» 
against  the  body;  and  hence  it  may  be  that  thu  y<l<  >citiea  calculated  from  our  formula*,  dcdarad 
from  the  walking  or  Whirling  Machine  experiments,  wmild  r<  .pure,  when  the  anemometer  Is 
employed  in  the  ordinary  way  for  measuring  a  current  of  nir,  t«>  bo  multiplied  by  0'87,  to  rive 
the  true  velocity  of  tlio  wind;  but  on  this  point  Atkinx.n  uu.l  Du-li*h  .  nU-rtain  very  grave  doWL 
as  such  results  do  not  appear,  a  priori,  to  be  probable,  and  the  sul.j.  •  t  u  one  in  which  mistake* 
lire  \ery  liable  to  occur. 

In  like  manner,  when  a  flat  surface  is  moved  against  a  tttill  atmoephere  hi  a  efaeie,  the  *.IB*j| 
incuts  of  Ilutton,  Borda,  and  Thibault  appear  to  indicate  that  at  a  given  velocity  the  fare*  or 
iv>i-tanee  is  only  about  1*5,  compared  with  a  force  of  1  -85  for  the  name  velocity  when  the  fiat  w- 
.it  rest,  and  the  air  moves,  as  a  wind,  against  it  ;  so  that  if  V0  be  the  velocity  of  a  flat  MH&ee 
moving  in  a  circle,  and  Vr  the  velocity  of  a  wind  giving  rise  to  the  aame  fotoc,  thm,  in  order  thai 
the  force  in  the  one  case  may  bo  equal  to  the  resistance  in  the  other,  we  have  the  Toiodtk*)  each 

thut  1  -85  V8  =  1  -5  \l,  from  whence  V,  =  v/1  L  V.  =  -9  V.,  from  which  it  would  appear  that 

l   *•.  » 

tln>  velocities  of  wind,  aa  deduced  from  the  formulas  found  by  the  experiment*  made  with  the 

'Whirling  Machine,  .shonM  he  reduced  by  multiplying  them  by  *9  in  order  to  get  the  actual 
velocities  of  the  wind.     Tin-re  is,  however,  said  to  bo  more  grave  doubt*  still  a*  to  the  imnmduuai 
of  this  conclusion,  and  for  the  present  it  is  preferred  to  leave  it  out  of  the  formula*  given. 
The  discrepancy  between  the  line  E,  E.  in  Fig.  1UO,  representing  V»,  and  tho  linr»  ' 

nting  Vm.  are  much  greater  than  the  differences  just  alluded  to  would  apjH-ar  to  tndieato, 

and  lu-n>-<-  thin-  is  rcn*on  to  .-ii|i]«'>e  that  the  data  are  not  reliable;  indeed,  it  mar  be  acrn  thai 

•h,  in  li.l.'jitin-'  r^.'i.  I  •  i.  and  1*5  as  multipliers  of  the  motive  column  to  give  the  force  or 

ivM-trnice  due  to  a  \\iinl.  to  iiKivin^  a  Hat  surface  in  a  -t;.,i.i.t  lim-  t:.  ;••..•!»  -till  air,  and  then  tea 

CM-.-!.-,   n  r-|.«-«-tively,  maki  -.1  no  (li.-tinctioii  l>etwe<-n  a  large  and  a  enuill  circle  ;  while*  gUne*  at 

••i  show  that  the  size  of  the  circle  has  considerable  inlluenee  upon  the  amount  of 

-tam-c  tin-  l.o.ly  iimts  \\itli  in  its  revolutions  through  ^till  air  at  any  v»  1 

th<>  di.-crr|iiiicin»  between  tho  line  E,  E,on  the  one  head, 


It  should.  howcviT.  al.Mi  l>c  >t..t.  .1  that  th<> 

nnd  thelin.-s  1!.  15.  A.  A,  and  oth.  r  lines  on  tho  other  hand,  in  Fig.  ICO,  chiefly  prevail  at  the  higher 
v.  'locitii-s.  nii'l  pro!i!i!>ly  arise  from  the  errors  of  observation,  owing  to  the  experimenter  having  to 
run  at  cou.siili-ntlile  .-jii-.-.!.-*:  the  j..ltin_-  motion  :iri-iir_'  from  tin-  :i«tur)«neeof  the  air  by 

liis  iHMly.  inu.-t  1..-  coiiMd.-rablr.    The  fonnula  for  tli«-  lin.  >  I  >.  I  •  .  <     < 

city  of  500  feet  j»-r  minute,  up  to  which  jH.int  the  diagram  t-Jihibit*  a  straight  line,  CQpftmlBf  ItJrJ 
with  tliut  given  \>\  th«-  \Vhirlin_'  Macliine. 

The  height  of  a  eolunm  of  a  iluid,  t>,  in  fex-t,  required  to  generate  a  velocity  of  V,  te  fcet  per 

V*  N  I 

second,  opart  from  friction,  is  expressed  by  A,  =  -jp-  ,  when  g  «  82|  ,  giving  A,  •  XT?  :  •»• 

N 
A,  is  the  luight  of  the  column  duo  to  Vt  ,  the  velocity  in  feet  per  minut«-,  Uila  become*  A,  •  gngj>  J 

and  I'roni  Hi,-  ,  \|x  rim<  nt*  of  ll,,-  anthopt  just  mentioned,  it  would  appear  that  the  in>j 

iluid    in  motion   would  Miipj-irt  a   vertical  n-lunui  of  the  height  /,  in  feet,  etpreeani  by  /,  - 

" 


•        • 

1  the  !,.»!  y  (having  in  each  ca*e  a  flat  surface)  i*  moved  in  a  »tm 

1    l\*        ll\* 
fm  in  height  in  feet  of  a  column  of  the  fluid  would  only  amount  to  /•  •         A      "  "~4      '^ 


fm  in  height  in  feet  of  a  column  of  the  fluid  would  only  amount  to  /•  •  flfr  j  Aftfl  "  "~W4 

V*  V* 

fm  =  jj;.  J  ,  .  or  if  the  body  were  morod  in  a  circle,  the  rwutaoce  woolJ  Mpp 

'       1  •  5  V*  \  * 

c.  .1  man  of  tho  fluid  /„  feet  in  height  found  by  /.  =      J  ^  «     ^    '  or  /.  »  jj-~  « 

The  experiment*  rhown  in  K.-.  Ifil  were  made  for 
of  r,:,-;ill,  ',  aiiemomi  't.  r  \arii  .1  nnidi  with  the  condition  of  tho  instrument,  that  k 


whether  the  ertin*) 


formula  and  con.-tant«  were  ni|iiirc«l  f->r  tho  same  inetntment  when  properly  el«**jed  and  oil*A>aaj*l 
and  in  a  dirty  condition;  and  it  k  eortainJy  e»U*mr«nry  to  M.  M 


.  after  l-cin-  much  uwd  an 
will  l..  ,  .  thwt  UK-  ...  mate  instrument  i*  very  ItUto  altowd  thungh 

.  ..ricd  conditions. 
The  lino  A.  A,  on  this  dw-mni  show*  the  tclocily  found  by  cumrtin*  the  ndUaf*  ••  *• 
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anemometer  by  the  formula  (for  this  particular  instrument),  V  =  1'017  R  +  30 ;  and  it  will  be 
remarked  how  very  close  the  line  approximates  to  the  true  velocity  of  the  instrument  passing 
through  the  air,  as  found  by  the  Whirling  Machine. 

> 
EXPERIMENTS,  FIG.  161,  MADE  WITH  A  G-INCH    BIRAM'S  ANEMOMETER,  IN  CLEAN  AND  DIRTY 

CONDITIONS  RESPECTIVELY,  ON  THE  WHIRLING  MACHINE,  IN  A  25-FEET  ClRCLE. 


LINE  B  B.  —  INSTRUMENT  CLEAN. 

LINE  C  C.  —  INSTRUMENT  DIBIT. 

No.  of 
Experi- 
ment 

Number 
Indicated  by 
Index  of 
Anemometer 
=  R. 

Actual 
Velocity 
=V. 

Velocity 
calculated 
by  formula 
V  =  1-017 
R  +  30. 

ERROR. 

Number 
indicated 
by  Index 
of  Anemo- 
meter =  K. 

Actual 
Velocity 
=  V. 

Velocity 
calculated 
by  formula 
V  =  R  +  30. 

KKROK. 

More. 

Less. 

More. 

Less. 

1 

93 

125 

125 

62 

100 

2 

120 

150 

152 

2 

80 

119 

3 

133 

162 

165 

3 

100 

137 

4 

412 

450 

449 

1 

365 

400 

5 

412 

450 

449 

1 

395 

427 

., 

6 

422 

450 

459 

9 

425 

462 

.. 

.  . 

7 

427 

462 

464 

2 

.. 

585 

625 

t  , 

8 

582 

625 

622 

,. 

3 

585 

625 

,. 

9 

585 

625 

625 

.. 

,  B 

,, 

f  , 

10 

592 

637 

632 

•• 

5 

•• 

•• 

•• 

•• 

EXPERIMENTS,  FIG.  162,  MADE  WITH  SEVERAL  ANEMOMETERS  (BIRAM'S)  ON  WHIRLING  MACHINE, 
IN  25-FEET  CIRCLE,  TO  FIND  CONSTANTS  m  AND  a. 


LINK  E  E  F.  —  4-iN.  BIRAM. 

LIKE  C  D.—  4-m.  BIRAH. 

LINE  J  I.  —  4-iN.  BiRAir. 

•°,i 

•a 

ERROC. 

"gi 

1 

ERROR. 

a  ^ 

•0 

ERROR. 

1 

Prf 

£• 
1 

a 
§  "s 

I^P5 

| 

II 

_§"Jp5 
'H'o  II 

1 

ii 

s. 

.5  °  H 

>> 

•S  °  || 

{>!> 

'a  a  ii 

""  «  t, 

i^t> 

"g  a  ii 

"5 

o 

|I| 

l" 

f 

More. 

Less. 

ill 

l^a 

1" 

More. 

Less. 

111 

iJ&i 

Actual 

"3 

More. 

Less 

fc 

to 

*• 

^ 

* 

1 

205 

250 

187 

237 

77 

131 

.. 

2 

210 

262 

f  , 

200 

250 

,  , 

82 

137 

.. 

3 

215 

262 

255 

300 

,  , 

f  , 

182 

225 

., 

4 

340 

387 

B  B 

337 

387 

.. 

.  , 

200 

237 

.. 

5 

345 

387 

t  f 

340 

387 

.. 

230 

262 

6 

360 

400 

350 

400 

242 

275 

7 

405 

462 

477 

537 

.  . 

.  . 

312 

350 

8 

412 

475 

480 

537 

320 

362 

.. 

9 

437 

500 

490 

550 

.. 

375 

412 

10 

440 

500 

460 

500 

11 

487 

525 

1? 

510 

550 

LINK  ODD.  160.—  4-m.  BIRAM. 

Lnnt  K  K  L,  162.—  4-m.  BIRAM. 

LINE  A  B,  159.—  6-ro.  BIRAM. 

1 

77 

118 

76 

125 

87 

125 

., 

.. 

2 

112 

150 

p  ^ 

<  a 

107 

150 

t  f 

102 

137 

.. 

.. 

.. 

3 

152 

187 

,  , 

110 

156 

,  . 

112 

150 

.. 

4 

342 

387 

335 

375 

295 

337 

5 

357 

400 

,. 

372 

412 

.  . 

,, 

337 

375 

.. 

6 

377 

412. 

385 

425 

342 

385 

.. 

7 

377 

412 

440 

487 

8 

460 

500 

492 

537 

450 

500 

9 

500 

537 

497 

537 

t  f 

452 

500 

.. 

.. 

10 

520 

562 

9  , 

507 

550 

557 

612 

.  . 

11 

640 

700 

•• 

Fig.  162  exhibits  a  series  of  lines  formed  by  various  4  and  6  inch  Biram's  anemometers,  with 
which  experiments  have  been  tried.  It  will  be  observed  that,  although  the  general  tendency  of 
the  lines  formed  by  the  different  anemometers  is  in  the  same  direction,  thus  giving  one  general 
form  of  formula  applicable  to  all  of  them;  still  each  anemometer  has  a  decided  line  of  its  own, 
requiring  that  special  constants,  found  by  direct  experiment,  should  be  applied  to  each  instrument. 


161. 
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In  making  one  of  the  experiments,  the  anemometer  fell  off  the  wand  of  the  Whirling  Machine  (the 
Hhongh  it  sustained  no  apparent  damage,  still  tho  lino  made  by  this  instrument 
was  alt. -red  nt  and  from  thin  jtoint.  The  instrument  was  apparently  not  damaged,  but  tho 
constant.*  required  for  tho  correction  of  its  readings  were  altered,  owing  jx^sibly  to  some  alteration 
in  the  form  of  the  vanes;  showing  that  although,  as  previously  explained,  Fig.  161,  the  fact  of 
the  instrument  being  in  a  clean  or  dirty  condition  does  not  seriously  affect  its  readings,  still  any 
Hidden  sh.vk.  or  oilier  violent  treatment  tending  to  vary  the  form  of  the  vanes,  or  otherwise  alter 
tho  mechanical  condition  of  the  instrument,  would  do  so. 

But  even  in  this  case  the  discrepancy  caused  by  the  fall  seems  to  bo  much  less  in  amount  than 
the  inaeouracy  of  the  original  readings ;  and  the  application  of  the  formula,  as  first  found,  would 
btill  render  the  readings  much  more  correct  than  if  they  were  used  in  their  unconnected  state. 

Atkinson  and  Dogfish  made  experiments  for  the  purpose  of  observing  the  comparative  rates  of 
revolution  of  tho  same  Biram'a  anemometer,  when  passed  through  a  still  atmosphere,  by  the. 
Whirling  Machine,  in  the  first  instance  with  its  bock,  and  again  with  its  face  towards  the  direction 
of  its  motion ;  the  former  being  the  ordinary  mode  of  operating. 

As  there  were  considerable  differences  in  the  results  given  by  these  experiments,  evidently 
;ding  upon  whether  the  front  or  the  back  of  the  instrument  received  the  impulse  of  the  air,  so 
that  when  plotted  to  form  a  diagram  the  lines  appeared  considerably  apart  from  each  other, 
showing  that  the  same  formula  could  not  apply  to  the  instrument  under  the  variation  of  conditions 
involved  in  the  experiments,  another  series  of  similar  experiments  was  made,  further  to  test  the 
truth  of  the  conclusion  indicated  by  the  former  series.  The  results  of  these  experiments  only 
served  to  confirm  the  former  ones. 

The  two  lines  F,  F,  A  B,  Fig.  163,  are  formed  from  experiments  registered  in  the  following 
Table ;  and  the  two  lines  G  H,  C  D,  from  these  experiments ;  the  line  G  H,  in  each  case  being 
that  given  when  the  back  of  the  anemometer  received  the  impulse  of  the  current,  as  is  correct  in 
practice. 

EXPERIMENTS,  Fio.  163,  MADE  WITH  A  4-iNCH  BIRAM'S  ANEMOMETER  ON  THE  WHIRLING  MACHINE, 
ix  A  25-FEET  CIRCLE,  TO  ASCERTAIN  THE  DIFFERENCE  BETWEEN  THE  ANEMOMETER  GOING  THE 
BACK  TO  CURRENT  AND  FACE  TO  CURRENT. 


Ln«  F  F.—  ANEMOMETER  GOING  BACK  TO  CDEEENT. 

LINE  A  B.  —  ANEMOMETER  GOING  FACE  TO  CURKKXT. 

No.  of 
Experi- 
ment. 

Number 
indicated  by 
Index  of 
Anemometer 
=  R. 

Actual 
Velocity 

=  V. 

Velocity  cal- 
culated by 
formula  V= 

1-ul  K+ll. 

ERROR. 

Number 
indicated  by 
Index  of 
Anemometer 
=  R. 

Actual 
Velocity 
=  V. 

Velocity  cal- 
culated by 
formula  V= 
•932R+41. 

ERROR. 

More. 

Less. 

More. 

Less. 

1 

172 

212 

214 

157 

187 

187 

2 

182 

225 

.. 

t  § 

t  t 

192 

218 

3 

315 

362 

„ 

240 

262 

,, 

4 

817 

362 

361 

m  , 

1 

290 

312 

.  f 

5 

405 

450 

,  . 

M 

,, 

307 

325 

326 

1 

6 

417 

462 

462 

99 

.. 

332 

350 

f  % 

i  t 

m  , 

425 

437 

t  t 

•  •     • 

f  f 

f  t 

450 

462 

t  . 

•• 

•• 

•• 

" 

450 

462 

460 

•• 

2 

Lure  G  H.—  ANEMOKETEB  GOING  BACK  TO  CCRREHT. 

LrsE  C  D.  —  ANEMOMETER  GOING  FACE  TO  CCERI:NT. 

No.  of 

1.x;--.- 

L..'_  ;,;. 

Number 
indicated  by 
Index  of 

A:..  !..   :.!••:•  r 
=  R, 

Actual 

V.  :  -  i:y 
=  V. 

Velocity  cal- 
culated by 
formula  V= 
•98  R  +  41. 

EBROR. 

Number 
indicated  by 
Index  of 
Anemometer 
=  R. 

Actual 
Velocity 
=  V. 

Velocity  cal- 
culated by 
formula  V= 
•932R  +  41. 

ERROR. 

More. 

Less.. 

More. 

Less. 

1 

60 

106 

112 

144 

145 

1 

2 

65 

109 

t  , 

117 

150 

f  u 

tt 

3 

122 

162 

161 

256 

275 

f  f 

4 

135 

172 

297 

312 

5 

213 

250 

1  1 

,  , 

390 

400 

1  1 

6 

230 

262 

#  , 

440 

450 

7 

317 

350 

467 

475 

475 

8 

367 

400 

f  t 

9 

442 

475 

474 

•• 

•• 

These  resnlta  prove  that  the  additive  constant  remains  the  same  in  the  same  instrument  when 
used  either  side  foremost,  but  that,  on  the  other  hand,  the  amount  of  the  necessary  multiplicative 
constant  depends  upon  the  form  of  the  wands  receiving  the  impulse  of  the  wind,  as  had  been 
anticipated  and  mentioned  in  the  remarks  upon  Figs.  161,  162. 

In  general  principles  the  anemometers  of  Whewell  and  Osier  are  similar  to  those  of  Combes 
and  Biram,  but  by  additional  apparatus  the  two  former  are  made  self-registering,  both  in  reference 
to  the  force  and  direction  of  the  wind  ;  this,  of  course,  adds  to  the  friction  of  the  instrument,  and 
they  are  not,  therefore,  adapted  for  ascertaining  the  velocities  of  feeble  currents. 
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The  anemometer  of  Dr.  Robinson  is  constructed  on  the  assumption  that  the  force  of  impact  of 
the  air  against  hollow  hemispherical  cups  is  twice  as  great  on  the  concave  as  on  the  convex  side 
of  the  cups,  and ,  that  the  vanes  revolve  at  the  rate  of  one-third  of  the  velocity  of  the  current 
except  in  so  far  as  the  velocity  of  revolution  is  modified  by  friction. 

The  mechanism  of  this  instrument  is  very  strong,  and  allows  of  the  revolutions  being  recorded 
throughout  a  whole  day ;  it  would,  therefore,  be  a  very  suitable  anemometer  to  have  near  a 
furnace,  or  in  the  principal  intake  or  return  from  a  mine. 

Pressure  Anemometers. — Perhaps  amongst  the  best  known  of  the  pressure  anemometers  are 
M.  Bongui's,  Dr.  Lind's,  that  of  Henaut,  described  by  Ponson,  and  Dickinson's,  one  of  Her  Majesty*! 
Inspectors  of  Mines.  The  anemometer  of  Bongui  consists  of  an  apparatus  like  a  spring-balm  u'v, 
furnished  with  a  float-board  or  plain  surface  of  given  area,  and  the  pressure  or  impulse  is  indicated 
by  marks  on  the  sliding-rod  of  the  spring ;  it  is  figured  and  described  in  the  '  Edinburgh  Encyclo- 
paedia.' 

The  anemometer  of  Dr.  Lind  resembles  the  photometer  of  Pitot ;  it  determines  the  velocity  of 
the  wind  by  its  action  on  a  small  quantity  of  water  in  a  U-shaped  tube.  As  the  same  instrument 
is  much  used  in  coal  mines  as  a  water-gauge  for  indicating  the  difference  of  pressure  between  the 
downcast  and  upcast  air-column,  it  will  not  be  at  all  necessary  to  give  a  detailed  description  of  it. 
From  numerous  experiments,  Dr.  Lind  considered  that  the  pressure  of  the  wind  in  direct  impulse 
is  nearly  proportional  to  the  square  of  its  velocity.  The  following  Table  is  calculated  from  this, 
but  considerably  enlarged  by  other  experiments. 

TABLE  OF  THE  FORCE  AND  VELOCITY  OF  DIFFERENT  WINDS  FOR  THE  GRADUATION  OF  ANEMOMETEKS. 

('  Edinburgh  Encyclopaedia.') 


Height  of  the 
column  of 
water  in 
Dr.  Lind'a 
Anemometer. 

Force  on  a 
sq.  foot, 
in  pounds 
avoirdu- 
pois. 

Force  on  a 
sq.  foot, 
in  pounds,  ounces, 
and  drams 
avoirdupois. 

Feet  in 
one  second. 

Miles  in 
one  hour. 

Feet  in 
one  second. 

Miles  in 
one  hour. 

Character  of  the  Winds. 

Computed  from 
Rouse's  Experiments. 

Computed  from 
Dr.  Button's 
Experiments. 

Ibs.  oz.       dr. 

, 

0-0009515 

0-005 

0     0     1-280 

1-43 

1 

1-63 

I'll 

Hardly  perceptible  .  .     .  .  Rnuae. 

0-0038060 

0-020 

0     0     5-120 

2-93 

2 

3-26 

2-22 

Just  perceptible      .  .     .  .  Houiie. 

0-0083732 

0-044 

0     0  11-264 

4-40 

3 

4-84 

3  30 

0-0133210 

0-079 

0    1    4-224 

5-87 

4 

6-52 

4-44 

Gentle  winds    Rouse. 

0-023 

0-123 

0     1  15-488 

7-33 

5 

8-09 

5-51 

0-025 

0'130 

0    2     1-280 

7-55 

5-14 

8-33 

5-67 

A  gentle  wind  Lind. 

O-O^fl 

0'260 

042-  560 

10'67 

7'27 

11-77 

8-00 

\J    V/OV/ 

0-092 

0-492 

0    7  13-952 

14-67 

10-00 

16-16 

11-01 

Pleasant  brisk  gale.  .     .  .  Rouse. 

0-10 

0-521 

0    8    5-378 

15-19 

10-35 

16-66 

11-35 

Fresh  breeze    Lind. 

0-11 

1-107 

1     1  11-392 

22-00 

15-00 

24-30 

16-57 

Brisk  gale  Ronse. 

0-3G8 

1-968 

1  15    7-808 

29-34 

20-00 

32-39 

22-00 

Very  brisk       Itouse. 

0-  n 

2-  £n  ± 

9     Q  1ft-fi24 

QQ'74 

23-00 

37  •  26 

25-40 

Brisk  gale  Lind. 

o 

0-585 

DUx 

3  075 

£t           if      JL\J      '  1_   r 

3     1     3-200 

1  >'  >      .    t 

36-67 

25- 

40-51 

27-62 

Very  brisk       Rouse. 

0-84 

4-429 

4    6  13-824 

44-01 

30- 

48  '60 

33-13 

High  wind       Rouse. 

1-0 

5-208 

5    3    5-248 

47-73 

32-54 

52-70 

35-93 

High  wind       Lind. 

1-146 

6-027 

6    0    6  912 

51  34 

35- 

56-69 

38-65 

15 

7-873 

7  13  10-688 

58-68 

40- 

64-79 

44-00 

Very  high  ROOM. 

1-9 

9-963 

9  15    6-528 

66-01 

45- 

72-89 

49-69 

Great  storm     .,       .     -.  Henliara 

2-0 

10-417 

10    6  10-496 

67-50 

46-02 

74-53 

50-81 

Very  high  Lind. 

2-08 

12  300 

12    4  12  800 

73  35 

50- 

81  02 

55-24 

Storm  or  tempest    .  .     .  .  Rouse. 

3- 

15-625 

15  10  00-000 

82  67 

56-37 

91-28 

62-23 

Storm        Lind. 

3  37 

17-715 

17  11    7-040 

88-02 

60- 

97-20 

66-27 

Great  storm     ROUHC. 

4- 

20-833 

20  13    5  '248 

95  46 

65-08 

105-40 

71-86 

Great  storm     Lind. 

4  08 

21-435 

21     6  15  360 

96-82 

66- 

106-92 

74-79 

Great  storm     .  .       J-i  Condamin*. 

5- 

26  041 

26    0  10  496 

106  72 

72-76 

117-84 

80-10 

Very  great  storm    ..     ..  LliM. 

6- 

31-490 

31     7  13  440 

117  36 

80- 

129-59 

88-54 

Hurricane       K*>o*«- 

6- 

31-250 

31     4  00  000 

116-91 

79-71 

129-09 

88-01 

Hurricane        Lind. 

7  * 

36-548 

36    8  12-288 

126  43 

86-20 

139-65 

95-21 

Great  hurricane      .  .     .  .  Lind. 

8- 

41-667 

41  10  10-752 

135-00 

92-04 

149-07 

101-63 

Very  great  hurricano     ..  Llml. 

9- 

46-875 

46  14  00-000 

143-11 

97-57 

168-11 

107  80 

Most  violent  hurricane  .  .  Liml. 

9-3G 
10- 

49-200 
52-083 

49    3    3-200 
52    1     5-248 

146  70 
150-93 

100- 
102-90 

162-04 
166-66 

110-48 
113-63 

Hurricane  that  trnrw  up 
trees  and  throw*  down 
buildings      HoubC. 

ir 

11-12 

57-293 
58-450 

57    4  11-008 
58    7    3-200 

158  29 
160  00 

107-92 
109- 

171-72 
176-55 

117  'OH 
120-37 

Observed  by  Rochon. 

12- 

62-500 

62    8    0-000 

165-34 

112-73 

182-57 

124-47 

i 

2 

3 

4 

5 

6 

7 

8 

Borda,  however,  found  that  the  force  of  the  wind  wa«  greater  by  ,'„  part  than  J"j 
gives.    Button  also  showed  that  the  forces  at  very  great  velocities  increased  in  a  B<J 
ratio  than  the  squares  of  the  velocity. 
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165. 


fletumtS  anemometer,  Figs.  !''•».  1 '''•">.  is  similar  in  its  principle  and  action  to  that  of  Dickinson ; 
in  tin-  latt.-r  the  impulse  is  received  on  a  plain  surface  A,  of  oiled  skin  about  3  inches  square, 
suspended  from  the  top  />,  tho  variations  of  whi<-h, 
from  the  |M-rprndi«'iil:ir  noted  on  n 

uin.-h  is  murk,,!  oil'  1-y  dire.-t  <  •xnerimcnts. 
This  in.»trumeiit  in  extremely  portable,  and  n..t 
easily  put  out  of  ord.-r :  but  whilst  it  possesses  the 
B  t  r  :  :  .  w  th  other  LnstrUM  i-.\-  "!'  thi.-  <-l:i.-s. 
of  n.it  requiring  any  watch  or  otlier  means  of 
not  ins:  tlii-  time,  it  is,  in  common  with  them,  sub- 
ject  to  the  preat  disadvantage  of  vibrating  con- 
tinually.  especially  in  a  rapid  current,  and  of  not 
recording  tho  variation  of  tho  velocity  within  limits 
of  20  ;i»utc;  it  is,  however,  very  useful 

in  steady  currents  of  from  200  to  700  feet  per 
minute.  The  supports  g  g,  are  secured  to  a  base 
c  <,  which  ia  levelled  by  screws  r  v. 

Complex  Anemometers.— Tho  principle  of   the 
interesting  method  proposed  by  Professor  Leslie 
for  finding  the  velocity  of  an  air-current  by  its 
moling  notion,  can  be  studied  at  length   in   his 
•Treatise  on   Heat.'      From  his  experiments   he 
deduced  the  following : — "  A  thermometer  is  held 
in  the  open,  still  atmosphere,  and  the  temperature 
marked  ;  it  is  then  warmed  by  the  application  of 
the  hand,  and  the  time  noted  which  it  takes  to 
sink  back  to  the  normal  point ;  this  is  termed  the 
fundamental  measure  of  cooling.    The  same  observation  is  made  on  exposing  the  bulb  to  the 
impression  of  the  wind,  and  the  time  required  for  the  bisection  of  the  interval  of  temperatn: 
termed  the  occasional  measure  of  cooling;  then  divide  the  fundamental  by  the  occasional  measure 
of  cooling,  and  the  increase  of  the  quotient  above  unity,  being  multiplied  by  4$,  will  express  the 
velocity  of  the  wind  in  miles  per  hour." 

AJsGLE-BEAD.  FB.,  Corniche  de  corniere,  Chapelet  angulaire;  GEB.,  Winkel  oder  Eck  Karnicss; 
SPAN.,  Guarda-vivo. 

Angle-bead,  sometimes  termed  Staff-bead,  shown  in  Fig.  166,  is  a  email  round  moulding,  often 
cut  into  short  embossments,  like  pearls  in  a  necklace.  In  plastering,  angle-beads  are  made  flush 
with  the  finished  surface  on  each  return  to  assist  in  floating  the  plaster ;  they  are 
nailed  to  plugs  or  to  wood-bricks  built  into  the  wall.  Angle-beads  are  in  some 
oases  made  to  show  double  on  each  face  of  a  corner,  thus  forming  a  triple  bead; 
however,  in  superior  apartments  a  triple  bead  is  not  employed,  but  the  plaster  is 
well  gauged  and  brought  to  an  arris,  a  thin  copper  angle-bar  being  in  most  cases 
fitted  in  to  preserve  the  corner  from  accidental  fracture.  Wooden  angle-beads  are 
fixed  to  the  jambs  of  arched  recesses,  the  bead  round  the  head  of  the  arch  is  formed 
with  plaster,  and  in  good  work  it  is  necessary  to  conceal  the  joint  between  the  plaster 
and  wooden  beads  by  an  impost. 

ANGLE-BRACE.  FB.,  Attache  angulaire;  GEB.,  Winkel  Strebc ;  ITAL.,  Calastrello  d'angolo, 
Traversa  ;  SPAN.,  Tirante.  let 

Any  framing  when  situated  on  the  inner  side  of  an  angle,  for  the 
purpose  of  tying  the  work  together,  is  termed  an  angle-brace.  In  Fig. 
167,  representing  the  framing  of  the  external  angle  of  a  building,  A  is 
the  angle-brace,  B  dragon-piece,  and  C  C  wall-plates. 

The  term  angle-brace  is  also  applied  to  a  tool  for  boring  in  corners  and 
other  confined  localities  where  there  is  not  space  to  use  the  cranked 
handle  of  a  common  brace.  It  is  composed  of  metal,  and  works  by  means 
of  two  bevel-pinions,  and  a  winch-handle  which  turns  at  right  angles  to 
the  centre  of  the  hole  to  be  pierced.  See  BBACE. 

AXGLE-BBACKET. 

ANGLE-BRACKETS.  FB.,  Tasseaux  angulaires,  Support  angulaire ; 
GEB.,  Winkellagcr ;  ITAL.,  Gattello,  Measola  dangolo;  SPAN.,  Modillones  angulares. 

A  bracket  projecting  from  the  angle  of  a  wall  or  building,  instead  of  at  right  angles,  as  from 
the  face  of  a  wall,  is  termed  an  angle-bracket. 

Let  DBA,  Fig.  168,  be  the  elevation  of  the  bracket  of  a  cove,  to  find  the  angle-bracket. 

First,  when  it  is  a  mitre-bracket  in  an  interior  angle,  the  angle  being  45°,  divide  the  curve  A  D 
into  any  number  of  equal  parts  54321,  and  draw  through  the  divisions  of  the  lines  5  6,  4  c,  3  a",  2  e, 
1  /,  perpendicular  to  B  A,  and  cutting  it  in  6  c  d  ef,  and  produce  them  to  meet  the  line  C  O,  repre- 
senting the  centre  of  the  seat  of  the  angle-bracket ;  and  from  the  points  of  intersection  w  ij  k  I 
draw  lines  to  4, 1 3,  j  1,  k  5,  at  right  angles  to  C  O,  and  make  them  equal — w  4  to  6  5, 1 3  to  c  4,  _;'  1  to 
d  3,  and  so  on ;  and  through  G  4  3 1 5  0  draw  the  curve  of  the  edge  of  the  bracket.  The  dotted  lines 
on  each  side  of  C  O  on  the  plan  show  the  thickness  of  the  bracket,  and  the  dotted  lines  us,  nt,vr, 
show  the  manner  of  finding  the  bevel  of  the  base. 

The  same  figure  shows  the  manner  of  finding  the  bracket  for  an  obtuse  exterior  angle.  Let 
C  J  F  be  the  exterior  angle,  bisect  it  by  the  line  J  E,  which  will  represent  the  seat  of  the  centre  of 
the  bracket.  The  lines  J  L,  s  4,  o  3,  p  2,  q  1,  r,  are  drawn  perpendicular  to  J  E,  and  their  lengths  are 
found  as  in  the  former  case. 

To  find  the  angle-bracket  of  a  cornice  for  interior  and  exterior  angles.    Let  K  A  B,  Fig.  169,  be 
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the  elevation  of  the  cornice-bracket,  F  A  the  seat  of  the  mitre-bracket  of  the  interior  angle,  and  L  R 
that  of  the  mitre-bracket  of  the  exterior  angle.    From  the  points  K  bcdt  B,  or  wherever' a  change 

168. 


169. 


in  the  form  of  the  contour  of  the  bracket  occurs,  draw  lines  perpendicular  to  K/i  or  QC,  cutting 
K  h  in  e yfc  h,  and  cutting  the  line  F  A  in  F/r  Q  M  A.  Draw  the  lines  F 11,  II H,  and  A  L,  IV 
representing  the  plan  of  the  bracketing,  and  the  parallel  lines  from  the  intersections  n/>oM,  as 
shown  dotted  in  the  engraving,  then  make  A  Y  and  L/  each  equal  to  A  B,  uo  and  M  t  to  c  t,  Q  8 
and  oj  equal  to  fd,rt  and  p  m  equal  to  g  c,  fb  and  n  r  equal  to  e  b,  fp  and  n  s  equal  to  e  b,  and  join 
the  points  so  found  to  give  the  contour  of  the  brackets  required.  The  bevels  of  the  face  are  found 
as  shown  by  the  dotted  lines  \V  Z  V  6. 


170 


To  find  the  angle-bracket  at  the  meeting  of  a  concave  curved  wall  with  n  Htrni^hl  wnli 
Let  BCD  F,  Fig.  170,  be  the  plan  of  the  bracketing  on  the  straight  wnll,  and  < 
in  on  the  circular  wall    A  B  F  the  elevation  on  the  straight  wall   and  MC  O  on  tin-  circular  wall. 
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Divide  the  curves  A  F,  MO  into  the  Kiine  number  of  equal  jutrt.s;  through  the  divisions  of  A  P 
draw  the  lines  A  0,  f>  d  so  on,  perpendicular  to  B  F,  and  through  those  of  M  O  draw  tho 

l»anillel  lines,  part  straight  and 
part  ct.  :5/-.\  and 

HI  on.      Then  throii-h  the  inter-  \\\ 

-i  f'jh  i  of  the  straight  and  YV 

t-iir\i«l  lim-a  dmw  the  curve  CD, 
\\in.-li  will  give  the  line  from 
which  to  luuwuro  tho  unlimited 

To  find  the  angle-bracket  when  7 
the  wall  is  a  convex  curve. 

Let  A0QC,  Fig-  171,  bo  the 
plan  of  the  bracketing  on  the 
MruL'ht  wall,  and  A  ,  y  1.  the  plan 
on  the  eurvi-d  wall.  From  the 
point*  Kt6c</6B  of  the  bracket 
K  A  H,  where  ita«ontour  changes, 
draw  perpendiculars  as  before. 
Draw  L  Q  a  radius  to  the  curve  of 
th.-  wall  LA,  and  set  on  it  tho 
division!  Mo;>n,  equal  and  corres- 
ix>nding  to  cfgem  the  elevation 
KAB;  and  draw  L/,  Mr,  of, 
p  m,  n  r,  n  »,  perpendicular  to  Q  L, 
and  make  them  equal  to  A  B,  c  /, 
/</,  </c,  eb,  et,  of  tho  elevation; 
then  join  tho  points  by  the  lines 
/  f ,  t  j,  j  m,  m  r,  r »,  s  Q,  to  ob- 
tain  the  contour  of  the  bracket 
equal  and  corresponding  KAB. 
Through  tho  points  Mopn-draw 
concentric  curves,  meeting  tho 
I*T|x  ndiculars  from  the  oorres- 
|x mding  points  of  KAB;  from 
the  intersections  of  the  straight 
and  curved  lines,  u  o  rf,  draw  the 
lines  AY,  MO,  os,  rf,  / 6,  perpen- 
dicular to  «A,  and  make  them 
equal  to  the  corresponding  lines 
of  the  elevation,  as  before ;  then 
join  the  points  X  ostbpe  to  obtain 
the  contour  of  the  angle-brocket. 

The  examples  shown  in  Figs. 
172.  173,  are  projected  iu  a  similar 


ANGLE     OF     FRICTION. 
FR.,  Angle  de  frottcment ;  GER.,  lici- 
bun.jsicinkel ;  ITAL.,  Amjolo  cTattrito ; 
.  Angulo  de  rozamiento. 

The  angle  of  friction  is  also 
f.ilhtl  the  an<jle  of  repose.  In  an 
AUDI,  that  angle  at  which  the 
arch -stones  cease  to  hove  any 
tendency  to  slip  from  their  own 
weight  or  to  exert  any  thrust  on 
the  pier.  Rondelet  found  by 
npniad  experiments  that  even 
win  re  the  surfaces  were  wrought 
in  the  best  manner  the  angle  was 
seldom  less  than  28°,  and  it  was  in  some  cases  as  much  as  36°.  The  angle  varies  with  tho  weight 
as  well  as  with  the  roughness  of  the  stone.  With  soft  stones  the  tendency  to  slide  is  greater  than 
with  hard  stones,  where  the  amount  of  roughness  is  the  same,  particularly  where  the  weight  is 
great,  as  the  inequalities  are  broken  down  when  the  stone  is  soft,  and  the  dust  facilitates  sliding. 

On  ROADS  and  RAILWAYS  it  is  that  inclination  or  gradient  at  which  the  carriages  are  on  tho 
point  of  moving  by  their  own  gravity ;  it  varies  with  the  roughness  or  smoothness  of  tin:  road  or 
rails,  and  with  the  diameter  and  friction  of  the  wheels  upon  their  axles.  (See  Morin,  'Nouvelles 
Experiences  sur  le  Frottement.') 

The  following,  from  Poncelet  and  others,  show  the  relative  angle  of  repose  on  various  kinds  of 
roads  and  railways : — 


Wheels  with  iron  tires  on  a —  Ratio  of  Slope. 

Road  of  sand  and  gravel       ..        ..   1  in  16 

„    of  brokenj  in  ordinary  condition  1  „  25 

stone    ( in  perfect  condition    1  „  67 

Well-made  pavement        1  „  71 


Wheels  with  iron  tires  on —  Kati°  °r  Slope- 

Oak  planks,  not  planed 1  in  98 

Stone  trackway,  well  laid  ..  ..  1  „  I7:» 
Railway  1  „  280 

An  iron-shod  sledge  on  hardened  snow  1  „     30 


For  further  information  on  this  subject,  oee  FRICTION. 
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ANGLE-IEON.  FB.,  Corniere,  ou  Per  de  corniere ;  GER.,  Winkel,  odcr  Eckcisen ;  ITAL  Fern 
cTangol" ;  SPAN.,  Hierro  angular. 

Any  rolled  bar  of  iron,  Figs.  174,  175, 176,  177,  of  an  angular  shape,  is  usually  termed  angh-iron  • 
it  is  employed  for  forming  the  edges  of  iron-safes,  bridges,  and  ships ;  or  to  be  riveted  to  the  corners 
of  boilers,  tanks,  &c.,  to  connect  the  side-plates.  See  BOILERS;  BRIDGES;  IRON-SHU-  15i  i;.i>i\,; 

When  we  treat  of  the  different  structures  in  which  angle-iron  is  employed,  we  will  di.souss  tho 
strength,  suitable  form,  dimensions,  and  other  mechanical  properties  of  antjle-iron ;  here  we  mir,  U 
give  cross-sections,  dimensions,  and  weights  of  some  of  the  principal  forms 
manufactured  in  the  Earl  of  Dudley's  extensive  works  at  Round  Oak,  near 
Dudley.  For  Tee  and  angle  iron,  Kirkaldy  lately  found  that  the  specific  gravity 
varied  from  7 '7310  to  7 '5297,  and  he  took  7 '6006  aa  the  mean  result  of  ten 
experiments.  Whence  if  the  area,  in  square  inches,  of  the  cross-section  of  any 
specimen  of  angle  or  of  T  ""on  be  multiplied  by  3-29887  (3-3  nearly),  the 
product  will  give  the  weight  of  a  lineal  foot  of  such  specimen  in  pounds.  For 
example,  Fig.  179  is  the  cross-section  of  one  of  a  series  of  angle-irons  of  the 
Round  Oak  Works ;  length  of  each  side  =  6  in.  mean  readth  =  1  in. ;  area  =  11  so.  in. ;  therefore 
11  X  3-29887  =  36- 28757  Ibs.  the  lineal  foot,  or  36£lbs.  nearly.  The  mean  breadth  of  this  .- 
varies  from  |  to  1  in.  However,  it  is  necessary  to  state  that  a  lineal  foot  of  this  iron,  Fig.  17'.', 
weighed  38  IDS. 


175. 


Length  of  sides,  2^  and  2£;  breadth, 
Weight  the  lineal  foot,  2  Ibs.  2  oz. 


176. 

and  8 ;  breadth,  -&  in.     Weight  the  linea 
foot,  17 -5  Ibs. 


177. 

3  and  3 ;  breadth,  £  in. 
Weight  12  Ibs.  the 
lineal  foot. 


178. 

2  and  2  ;  mean  breadth, 
•fain.  Weight  5  Ibs. 
4  oz.  the  lineal  foot. 


179. 


180. 


Length  of  sides,  5  and  5  ;  breadth,  1  in. 
Weight  the  lineal  foot,  31 '25  Ut*. 


181. 

Length  of  sides,  3  and 
3  ;  breadth,  f  in. 
Weight  the  lineal 
foot,  7 '5  Ibs. 


Length  of  Bides,  2}  ami  2>; 
breadth,  -ft-  Weight  the 
lineal  foot,  5  Ibs.  12  oz. 


6.IN 


'.'I 


ANGLE-IRON. 


IKS. 

Length  of  »M«s  4  «..•!  '-' . 
bradth.  }  in.  Weight  of 
lineal  foot,  9  5  Ib*. 


186. 

web,  3  in. ;  flange,  2}  in. ; 
thickness  A.  Weight  the  lineal 
foot,  7-25  Ibl 


lot. 


185. 


Length  of  sides,  1J  and  If; 
breadth,  .j^in.  Weight  of 
lineal  foot,  2  11*.  C  oz. 


length  of  sides,  3J  nnd  2 ; 
breadths,  *  in.  and  ^  in. 
r<'S)K.-ctively.  Weight  the 
lineal  foot,  7  Ibs. 


187.    Section. 

Weight  the  lineal  foot, 

3  Ibs. 


Length  :  weh,  2J  ;  flange,  4  ; 
breadth,  |in.  Weight  the 
lineal  foot,  8  •  5  Ibs. 


Urn 


189.    T-lron. 

length  :  web,  3 ;  flange,  6 ;  breadth, 
Weight  the  lineal  foot,  15  Ibs, 


190.    T- 

Length  :  web,  4  ;  flange,  5 ;  breadth, 
Weight  the  lineal  foot,  14' 5  Ibs. 


1*1 


6 


191.    T-    Section. 

Length:  web,  5;  flange,  4; 
breadth,  }  in.  Weight  the 
lineal  foot,  16  Ibs. 


192.    Section. 

Ltngth  of  each  arm,  2  in. ;  web, 
2|;  breadth,  -&in.  Weight 
the  lineal  foot,  «  Ibs.  2  oz. 


193.    Section. 

Length  of  each  arm,  2  in.; 
breadth  varying  uniformly 
from  '4.  in.  to  "25  in. 
Weight  the  lineal  foot,  5 '75 
Ibs. 
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194.    Section. 

Length  of  each  arm,  -J  in. ;  web,  2  •  75  in. 
breadth  varying  from  J  in.  to  .|  in. 
Weight  the  lineal  foot,  6  Ibs.  14  oz. 


** 


195.    Section. 

Length  of  each  arm,  J  in. ; 
least  breadth,  J  in. ;  web, 
1 J  in. ;  |  in.  thick. 
Weight  the  lineal  foot, 
1  lb.  6  oz. 
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196.    Section. 

Length  of  each  arm,  j  in. ; 
web,  1  in. ;  breadth,  |  in. 
Weight  the  lineal  loot, 
lloz. 


197.   Section, 

Length,  If  in. 5  breadth,  f  in. 
Weight  the  lineal  loot,  3  Ibs. 
15f  oz. 


198.    Section. 

in.  thick ;  the  other  dimensions 
are  given  on  the  section. 
Weight  the  lineal  foot,  lib. 
5oz. 


199.    Section. 

In.  thick  ;  the  other  dimen- 
sions are  given  on  the  section. 
Weight  the  lineal  foot,  5  Ibs. 
Uoz. 


200.    Section.'  201.    Section, 

in.  thick.    Weight  the  lineal  foot,        Length,  4  in. ;  breadth  varying 


2  Ibs. 


from  J  in.  to  4  in.     Weight, 
9  Ibs. 


202.    Section. 

in.  thick  ;  chord,  2|  in.,  as 
shown  on  the  section.  Weight 
the  lineal  foot,  3  Ibs.  4  oz. 


ANGLE-RIDGE.    FB.,  Areticr ;  GER.,  Gradsparre. 

An<ile-rafter,  more  commonly  called  "hip-rafter,"  in  hipped  roofs  is  the  piece  of  timber  which 
runs  from  the  angle  of  the  building  to  the  ridge  of  the  roof  into  which  it  is  framed,  and  of  which 
it  forms  the  continuation  to  the  eaves,  where  it  butts  on  the  dragon-piece.  It  is  usually  from 
1  \  inch  to  2  inches  thick,  and  from  6  inches  to  8  inches  deep,  according  to  the  length ;  the  ends  of 
the  jack-rafters  are  nailed  to  it  in  the  same  manner  as  the  common  rafters  are  nailed  to  the 
ridge. 

ANGLE  OF  REPOSE.  FB.,  Angle  de  repos ;  GEE.,  Ruhewinkd ;  ITAL.,  Angolo  limite  cTattrito.- 
SPAN.,  Angulo  de  reposo. 

See  ANGLE  OF  FRICTION. 

ANGLE-STAFF.     FR.,  Corniche  de  corniere ;  GER.,  Winkel  Karniess ;  SPAN.,  Gtwrda-artsta. 

The  strips  of  wood  employed  in  the  inside  of  buildings,  upon  the  exterior  vertical  angles,  to 
protect  the  plastering,  are  called  angle-staffs. 

Angle-staffs  are  of  two  kinds,  namely,  square  staffs  and  round  staffs,  also  called  angle-beads,  the 
former  being  mostly  employed  when  the  walls  are  papered  over,  and  the  latter  when  the  angles  ore 
seen. 

ANGLE-TIE.  FB.,  Attache  angulaire ;  GEB.,  Winkel  Strebe ;  ITAL..  Calastrello  d'angolo,  Tra- 
vers<i ;  SPAN.,  Tirante. 

See  ANGLE-BRACE. 

ANGLE  OF  TRACTION.  FR.,  Angle  de  traction  ;  GEB.,  Zug- Winkel;  ITAL.,  Angolo  di  traziaiu; 
SPAN.,  Angulo  de  traction. 

The  angle  formed  by  the  inclination  of  the  traces  with  the  surface  of  the  roadway  ia  termed  the 
angle  of  traction. 

ANGULAR  MOTION,  on*' VELOCITY.  FR.,  Mouvemcnt  angulaire;  GEB,  Winketoewegmg 
oder  Winkelgeschwindigkeit :  SPAN.',  Velocidad  angular. 

The  velocity  of  a  point  moving  in  a  circle,  whose  radius  is  taken  as  a  unit,  is  measured  by  the 
length  of  the  arc  that  may  be  described  by  the  point  in  a  given  time ;  but  this  arc  measure*  an 
angle,  and  that  angular  measure  is  termed  the  angular  velocity.  As  it  is  a  part  of  our  design  to 
generalize  and  follow  principle  wherever  it  lead  us,  when  such  generalization  tend  to  important 
practical  results ;  hence,  we  purpose  to  explain  angular  velocity  in  general  terms. 

In  calculating  the  motions  of  geared  machinery,  the  angular  velocity  of  a  Ixxly  DM 
determined  when  the  number  of  rotations  C»)  in  a  minut«j  ia  uivcn.    The  distance  traversed  by  tl 
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point  situntM  1  f'*'t  from  tho  axis  in  '2  w  for  each  revolution.  c..nsi  •.pi.-ntly  1  n  •*  for  M  revolutions, 
tlmt  U,  2  »i  »  in  1   minute,  or  00  wvonds.    The  distance  traversed  by  this  point  in  1  second  is 

t     r  •  r    ~    -or  \.T  .  which  is  tho  angular  velocity  roquirod.    If  we  call  this  angular  velocity  <a, 

m  _  *  T  .  th^  j^  to  o6tam  ffo  angular  velocity,  multiply  the  number  of  revolutions  a-mmute  by  the 
ratio  of  the  circumffraux  to  the  diameter,  and  divide  the  product  by  80.  If,  for  instance,  a  wind 
45  revolutions  n-minute,  its  angular  velocity  is  a>  =  -  —  —  -  =  4  '7124.  From  this 


"•'I    a' 

fonuula  is  deduced  *  =  --  ;  that  ifl,  to  find  the  number  of  revolutions  a-minute,  multiply  the  angular 
ttlmtty  by  80,  and  divtde  by  the  ratio  of  the  circumference  to  the  diameter.     For  instance,  if  u>  =  5 

"  =  3-  lYl»5  =  47'7'  or  about  *8  rcvolutiona  a-minute. 

The  motion  of  rotation  signifies  tho  movement  which  all  points  of  a  single  body  make,  in 
describing  arcu  or  circles  round  tho  same  axis,  when  the  planes  arc  perpendicular  to  that  axis,  and 
D  tin-  snmo  distance  from  each  other. 

Bach  in  the  movement  of  a  cog-wheel  or  fly-wheel,  and  of  all  revolving  parts  of  machines. 

The  first  pp>i«  rty  p>-culiar  to  this  species  of  motion  is,  that  all  points  of  a  body  describe  in  the 
m*t  time  arcs  of  the  same  number  of  degrees.  Let  us  suppose  the  axis  of  rotation  to  be  perpondioulur 
to  tho  plan.-  «'f  l-'i-r.  U'M,  nnd  lot  O  be  the  point  where  it  meets  this  plane.  Let  us  take  any  j>oint  ; 
for  instance,  A;  lot  'i  bo  the  projection,  upon  the  plane  of  tho  figure,  of  the  initial  position  of  tho 
point  A.  and  lot  a'  be  the  projection  of  its  position  at  the  end  of  the  time  t  ;  the  arc  described  by 
tho  jx-int  A  will  bo  equal  to  the  ore  a  a',  having  O  for  its  centre.  Let  B  be 
another  |x>int  of  tho  body;  6,  the  projection  of  its  first  position;  6',  the  pro- 
•i  of  its  final  position;  and  b  b'  the  projection  of  the  arc,  which  it  has 
'nxl.  1'nito  <5<J,  Oa't  Ob,  Ob.  O  a'  will  be  the  position  of  A  with 
regard  to  the  axis  after  the  space  of  time  t  and  Oa  before  the  first  instant. 
FP>III  the  point  B  to  the  axis  also  draw  a  line.  Ob  will  be  its  position  before 
tho  tir>t  instant,  nnd  Ob'  after  the  lapse  of  the  time  t.  Therefore  the  points 
A  :md  U  will  maintain  their  relative  positions;  the  angle  formed  by  the  two 
pianos  drawn  from  A  and  13  remains  unchanged.  But  this  angle  measures  at  Ol^-"  -----  li' 
the  first  instant  a  Ob,  and  at  the  final  instant  a'  Ob';  therefore  these  two 
angle*  are  equal.  If  we  cancel  tho  common  part  a'  Ob,  there  remains  aOa'  =  bOb'.  Therefore 
the  arcs  a<i'  nnd  bb'  are  the  arcs  corresponding  to  the  equal  angles  at  the  centre,  which  have  the 
same  number  of  degrees.  The  same  may  be  said  of  all  points  of  the  body,  as  A  and  B  are  taken 
indiscriminately. 

It  therefore  follows  that  the  velocities  of  different  points  of  the  body,  at  the  same  instant,  arc  pro- 
portional to  their  distances  from  the  axis  of  rotation.  Suppose,  for  instance,  that  the  arcs  a  a'  and  bb' 
have  been  described  in  a  very  short  time  A  t.  The  similitude  of  these  arcs  gives  the  proportion 

aa'       bb'  a  a1          bb.1 

aa'  I  bb'  =  Oa  1  Ob,  from  which  is  derived  -.-7  I  -—.  =  Oa  I  Ob.    -—7  and  -T-.  show  respectively 

A  t         A  t  A  i  At 

the  velocity  of  the  points  A  and  B.    By  calling  the  distances  Oa  and  Ob,  r  and  r',  and  the 
velocities  r  and  r',  the  result  will  be,  t  :  c1  =  r  '.  r1. 

II.  To  determine  completely  the  motion  of  a  body  turning  round  an  axis,  it  is  sufficient  to  know 
the  motion  of  one  of  its  points.  The  motions  of  all  points  of  a  body  are  generally  compared  to  th'sit 
of  one  particular  point,  1  foot,  or  1  metre,  distant  from  the  axis.  The  motion  of  this  point  is 
generally  called,  as  previously  stated,  the  angular  velocity,  and  is  usually  expressed  by  the  letter  «. 
On  comparing  the  velocity  of  any  point  A  to  that  of  the  point  situated  at  the  unity  of  distance 
from  the  axis,  we  get,  in  accordance  with  the  rule  explained  above,  v  '.  «  =  r  '.  1  or  v  =  ur;  that 
is,  the  velocity  of  any  point  of  a  body  is  equal  to  the  angular  velocity  multiplied  by  the  distance  of  that 
point  from  the  axis  of  rotation.  If,  for  instance,  the  angular  velocity  be  3,  the  velocity  of  a  point, 
situate  at  0-40  ft.  from  the  axis,  would  be  »  =  0-40  ft.  X  3  =  1-20  ft.,  from  which  is  drawn  the 

o 
formula  «  =  —  ;  that  is,  the  angular  velocity  is  obtained  by  dividing  the  velocity  of  any  point  by  the 

distance  of  that  point  from  the  axis.    For  instance,  let  us  seek  the  angular  velocity  of  the  earth. 

9  T> 

B  is  the  radius  of  the  equator;  the  velocity  of  a  point  situated  on  this  circle  is  therefore 


there  being  86400  seconds  in  24  hours,  the  time  employed  by  the  point  in  one  revolution.    Divide 
this  velocity  by  the  distance  B  of  the  point  under  consideration  from  the  axis,  and  the  result  will 

be  the  angular  velocity  w  =  =  ""  =  °'000°72722;  consequently  r  =  —  \  that  is, 


the  distance  of  any  point  of  a  body  from  the  axis  is  the  quotient  of  the  velocity  of  the  point  by  the  angular 

1  •  50  ft 
velocity.    If,  for  instance,  «  =  1  -50  ft.  and  o>  =  0-8  ft.,  then  r  =      O.g  '  =  1-875  ft. 

When  the  angular  velocity  is  constant,  the  rotary  motion  is  uniform. 

If  the  arc  described  by  a  point  situate  1  foot,  or  1  metre,  from  the  axis  be  a  at  the  beginning  of 
the  first  instant,  and  t  the  time  employed  in  traversing  that  arc,  a  =  ut. 

If  the  angular  velocity  be  variable,  the  limit  between  the  angular  velocity  and  the  increase  of 

the  time  is  called  angular  acceleration.    This  angular  velocity  is  generally  represented  by  y  =  ^  : 
ind  as  «  is  itself  derived  from  the  arc  a,  the  acceleration  is  the  second  derivative  of  that  arc; 
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d  u  being  put  for  an  extremely  small  quantity  termed  the  differential  of  »,  and  d  t  for  differential 

of  t,  which  is  an  extremely  short  time. 

When  the  angular  acceleration  is  constant,  d  u>  •=.  y  d  t. 

If  w0  be  the  primitive  angular  velocity,  we  obtain  u  =  u0  -f-  y  t,  whence  da  =  uQdt  +  yi  <l  t 

Supposing  the  arc  a  to  begin  at  the  position  occupied  by  the  point  at  starting,  by  integrating, 

we  find  a  =  a>0  t  +  -^  y  t2.  In  these  two  proportions,  the  formulas  of  uniformly  variating  motivn 
are  expressed. 

When  several  rotatory  movements  are  to  bo  considered,  a  geometrical  sign  is  used  to  represent 
the  annular  velocities.     On  the  axis  of  rotation  an  arbitrary  point  O,  Fig.  204,  is  taken,  ami  from 
this  point  is  projected  a  length  OP  proportional  to  the  angular  velocity  o>.    OP  is  placed 
in  such  a  direction,  that  a  spectator,  placed  at  P  and  looking  in  the  direction  P  O,  sees  the 
body  turning  in  the  direction  of  the  hand  of  a  watch  ;  that  is,  if  O  P  were  horizontal,  the 
movement  above  would  be  from  left  to  right.    OP'  would  represent  the  angular  velocity  if 
the  movement  were  in  the  opposite  direction,  namely,  from  left  to  right  when  pauain" 
underneath. 

It  is  therefore  said  that  the  angular  velocity,  or  the  rotation,  is  represented  in  quantity 
and  direction  by  the  line  O  P  in  the  first  instance,  and  O  P'  in  the  second. 

When  a  solid  body  revolves  round  an  axis,  through  the  action  of  any  force,  the  reactions 
upon  that  axis  can  be  determined.  Let  OZ,  Fig.  205,  bo  the  axis  of  rotation  conu<-<-t.  •! 
witli  the  points  A  and  A  ,  and  with  its  extremity  B,  which  rests  against  a  perpendicular, 
fixed  plane.  From  the  centre  of  gravity  G  of  the  body  pass  a  plane  perpendicular  to  the  axis,  and 
cutting  it  at  the  point  O  ;  take  the  point  O  for  the  origin  of  the  axes  of  the  co-ordinates  of  the 
different  points,  the  axis  O  Z  for  the  axis  of  z,  and  two  axes 

OX  and  OY  perpendicular  to  the  first.    Let  M  be  any  .  /      205. 

point  of  the  body,  m  its  mass.    From  M  draw  upon  the  axis  /Y 

the  perpendicular  M  C  =  >•,  and  let  a  be  the  angle  it  makes  / 

at  the  end  of  the  time  t,  with  a  parallel  C  V  to  the  axis  x  ; 
and  at  the  end  of  the  same  time  let  M  P  =  x,  C  P  =  ^/,  and 
P  Q  =  z,  be  the  co-ordinates  of  the  point  M.  This  point, 
rotating  round  O  Z,  describes  a  circle  having  C  for  centre. 
It  may  therefore  be  considered  as  being  acted  upon  by  a 
tangental  force  T  and  by  a  normal  force  N,  the  powers  of 

d  (a 
which  are  respectively  T  =  m  r  -j-r  and  N  =  m  &>"2  r,  if  the 

angular  velocity  be  o>  at  the  end  of  the  time  t.    As  the  same 

may  be  said  of  all  other  points  of  the  system,  it  follows  that 

the  body  may  be  regarded  as   entirely  subject  to   forces 

analogous  to  T  and  to  forces  analogous  to  N.     The  body  is 

therefore  moved  in  reality  by  a  system  of  forces  F,  F',  F", 

&c.,  the  reactions  of  supports  and  the  mutual  action  exercised  by  the  material  points  of  the  body. 

The  system  of  forces  F  and  of  the  mutual  actions  is  therefore  equivalent  (see  Equivalent  FORCES)  to 

the  system  of  forces  analogous  to  T  and  N.    There  must  therefore  be  equality  between  the  sum  of 

the  projections  of  these  two  systems  of  forces  on  each  of  the  three  axes,  and  between  the  sum 

of  their  momentums  with  regard  to  these  axes. 

The  projections  of  the  force  T  on  the  axes  of  x,  y,  and  z,  are  respectively 

d  u>  i/o) 

—  T  sin.  a,  +  T  cos.  a,    zero;      or,    —my~,iTi     ~f~wxT7T'    zcro' 

The  relation  of  the  momentums  to  the  same  axes  is,  adopting  the  conventional  signs  with 
regard  to  momentum, 

d  a>  d  u  d  t» 

—  Tcos.a.z,    -Tsin.az,    +Tr;      or,    -mxz-^j,    —  myz-^r,    ~^m     ~dT' 

The  projections  of  the  force  N  are, 

+  N  cos.  a,    +  N  sin.  a,    zero  ;      or,    +  m  w2  a  +  m  w8  y,    zero. 
The  momentums  of  the  same  force  with  regard  to  the  same  axes  are  expressed, 

—  N  sin.  a.z,    +Ncos.  n.z,    zero;      or,    —  moPyz,    +mwij:z,    zero. 

In  passing  from  M  to  another  point  of  the  body,  x,  y,  z,  r,  and  a,  will  change  ;  but  ta  and  ^j  will 

remain  the  same.  On  the  other  hand,  the  mutual  forces  will  disappear  when  tlio  sum  of  their 
projections  on  to  any  axis  is  nought,  as  they  are  equal  and  opposed  to  each  other;  the  sum  of  their 
momentums,  with  regard  to  an  axis,  will  also  be  nought,  for  the  same  roiiwui. 

Let  It  be  the  reaction  exercised  upon  the  point  A  perpendicular  to  tin-  axi*.  omitting  friction. 
and  R'  the  same  reaction  upon  A';  and  S  the  reaction  exercised  by  a  ]x>int  11  in  tiie  direelion  of 
the  axis.  O  A  =  h  and  O  A'  =  h'  ;  we  can  then  describe  the  six  conditions  of  equivalence  ;  putting 
2  for  sum,  2  m  x  signifies  the  sum  of  the  products  m  x,  then, 

2F,  +  R,  +  R*  =  -  -        2my  +  u?Smx,  [1] 


2  Fv  +  By  +  E'v  =  +  -jj  2  m  x  +  a?  2  my,  [2] 

2  F,  +  S  =  0,  [3] 

d  u> 
,  F  -  Rj,  .  h  +  B1,  .  h'  =  -    -''   2  m  x  *  -  »*  2  m  </  1, 
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dm  „ 

R,  A  —  R  ,  .  h  =  —      ,i   2  m  y  z  +  u3  2  m  x  zt  [S] 

T7  2mr».  [6] 

U  * 

rf  •        2  ftt,  F 
The  last  equation  give*  -ry  =  -V-Tj- !  tliat  is,  tfo  angular  acceleration  is  expressed  by  t/n 


tun  o/  fJU  MMMMfiMW  o/  <A«  forces  vith  regard  to  the  axis  of  rotation,  divided  by  the  vis  inertia  of  the 

body  iri/A  nyard  to  the  KUM  axis,  which  expression  can  also  be  arrived  at  in  a  shorter  manner.     Tlie 

fintt  five  equations  make  known  the  five  unknown  quantities,  R,,  Ry,  R'x,  R'y,  nnd  S;  from  the 

tioni  [1]  ami  [5]  R,  and  R',  mny  be  found,  and  from  [2]  and  [4]  Ry  and  R'y  are  dediuvd. 

the  \uliie  <-f  S. 

If  tin-  nie-v  kon.il  only  for  the  first  instant  (it  can  also  be  another  space  of  tiim  •),  th.- 

axis  of  x  o»Q  be  passed  thrmiirh  tin-  centre  of  irra\  ity.     If  we  call  M  the  total  mass  of  the  Ixxly  and 
distance  of  the  centre  of  -mv  ity  from  the  axis  O  Z,  2  m  x  =  M  «  and  2  m  y  =  0. 

iin,  we  suppose  the  body  symmetrical  witli  regard  to  the  plane  X  O  Z,  we  get  2mxz  =  0 
and  2  my  *  =  0;  alia  the  six  equations  of  the  problem  become 
2F,  +  R,  +  R',  =  M«8a, 

=  0, 


2  Fr  +  R,  +  R;  =  Ma       -  ,   5.- 

2  Jtt,  F  -  Rv  h  +  R'r  h  =  0, 
2  Jtt,  F  +  R,  h  -  H'.  A'  =  0, 


da 
The  quantities  Ma  -jj-  ,  M  or  a  express  the  tangental  force  and  the  normal  force  of  the  centre 

of  gravity,  considered  as  a  material  point  where  all  the  mass  M  is  concentrated. 

Two  particular  coses  deserve  consideration:—!.  Where  the  axis  of  rotation  is  horizontal,  tho 
body  has  its  centre  of  gravity  in  that  axis,  and  is  subject  to  no  external  force  except  that  of 
gravitation.  2.  When  the  axis  of  rotation  is  vertical,  and  the  body,  having  its  centre  of  gravity  in 
the  axis,  is  only  subject  to  the  force  of  gravitation  and  to  forces  acting  horizontally. 

1.  In  the  first  case  we  get 

a  =  0,  2  Fx  =  P,  2  Fy  =  0,  and  2  F,  =  0, 
2  ^tt,  F  =  0,  2  J  fly  F  =  0,  2  J!fl.-  F  =  0, 
B,  +  Rr,  =  -  P,  R,  +  R'y  =  0,  S  =  0. 

'dm 
The  sixth  equation  gives  -^  t    =  0,  from  which  it  follows  that  the  movement  is  uniform ;  the 

equations  [4]  and  [5]  can  be  reduced  to 

-  Ry  .  A  +  R'y  A1  =  —  «2  2  m  y  z, 
R*  .  A  —  R^  .  A  =  +  a?  2  m  x  z  ; 
or,  if  the  plan  X  O  Z  were  symmetrical, 

R,  .  A  =  R'y  A'  and  Rx  .  A  =  R',  .  A'. 

The  first  of  these,  compared  with  the  second  equation,  gives  Ry  =  0  and  R'y  =  0 ;  that  is, 
the  reactions  at  A  and  A'  are  then  vertical. 

2.  In  the  second  case  suppose  the  axis  O  Z,  Fig.  206,  to  be  vertical,  and  the  centre  of  gravity  to 
be  situated  in  the  axis  O  X  at  the  first  instant,  P  to  be  the  weight  of  the  body,  and  that  we  have 
as  above  2  m  y  =-  0  and  2  m  x  =  M  a,  we  find  z       206 

R*  +  R  'M  =  «s  M  a, 
B,  +  R'y  =  Ma   ^  , 


-  R,  .  h  + 


-  P  +  8  =  0, 

_         d  00 
r  •  •*  =   ~  "~jv 


Pa  +  R,  .  h  -R',  .  A  =  - 


du 


2  m  y  z  +  u\  2  m  x  z, 


'=^    *>»>*' 

If  we  wish  the  reactions  of  R  and  R'  to  be  nought,  we  must 
according  to  the  two  first  equations,  moke  a  =  0,  that  is,  the 
centre  of  gravity  must  be  in  the  axis  of  rotation.    The  equation 
—  P  -f  8  =  0  gives  S  =  P ;  that  is,  the  charge  of  the  pivot  which  sustains  the  axis  of  rotation  is 
equal  to  the  weight  of  the  body.    The  two  following  equations  can  be  reduced  to 


and 


4m 

-rr 
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from  which  follows  2  m  x  z  =  0  and   2  m  y  z  =  0 ;   that  is,  the  axis  of  rotation  is  one  of  the 
principal  axes  of  the  body. 

In  millstones  these  two  conditions  are  fulfilled  by  means  of  lead  introduced  into  vertical  holes 
made  for  that  purpose.  If  this  were  not  done,  it  might  happen  that,  although  remaining  horizontal 
when  at  rest,  they  may,  when  in  motion,  exercise  lateral  reactions  upon  this  axis,  and  cease  to  be 
horizontal. 

General  Conditions  of  the  Uniformity  of  Motion  or  of  Equilibrium  of  a  Solid  Body,  Free  in  Spac?  and 
subjected  to  any  Forces. — It  is  evident  that  a  solid  body,  entirely  free,  can  receive  and  take  but  one 
of  the  three  following  motions :— A  motion  of  translation  without  rotation,  a  motion  of  rotation 
without  translation,  and  a  simultaneous  motion  of  translation  and  rotation. 

Every  motion  of  translation  may  be  resolved  into  three  other  motions  similar  in  relation  to  any 
three  rectangular  axes  drawn  in  space ;  and  it  is  evident  that  if  each  of  these  component  motions 
is  separately  zero,  the  resultant  motion  of  translation  will  be  so  likewise.  This  condition  is,  more- 
over, necessary  and  sufficient. 

Now,  in  order  that  these  three  motions  shall  be  zero  for  each  of  these  axes,  the  sums  of  the 
components  parallel  to  the  axes  should  separately  be  zero.  Then,  if  we  call  X,  Y  and  Z  the  sums 
of  the  components  of  the  exterior  forces  applied  to  an  invariable  solid,  these  forces  cannot  impart 
a  motion  of  translation  if  we  have  at  the  same  time  X  =  0,  Y  =  0,  Z  =  0,  and  the  motion  will 
remain  uniform  or  the  body  be  in  equilibrium  as  to  translation. 

So  also  every  motion  of  rotation  of  a  body,  or  of  material  points  composing  it,  may  be  resolved 
into  three  motions  of  rotation  around  three  rectangular  axes  drawn  through  any  point.  In  order 
that  the  body  shall  receive  no  motion  of  rotation,  it  is  only  requisite  that  the  rotations  around  each 
of  the  three  axes  shall  be  separately  zero,  which  requires  the  sums  of  the  moments  (not  momentums) 
of  forces  in  relation  to  each  of  the  three  axes,  that  is,  the  sums  of  the  masses  or  weights  multiplied 
by  their  perpendicular  distances,  to  be  separately  zero,  so  that  if  we  call  L,  M,  and  N,  these  three 
sums,  we  must  have  at  the  same  time  L  =  0,  M  =  0,  N  =  0.  When  these  conditions  are  satisfied, 
the  work  developed  in  imparting  a  motion  of  rotation  will  be  zero,  and  it  will  continue  to  move 
uniformly  or  will  rest  in  equilibrium. 

In  order  that  the  body  receive  no  motion  of  translation,  nor  of  rotation,  or  that  its  motion  be  in 
no  wise  altered,  all  that  is  requisite  is :  1st.  That  the  sum  of  all  the  components  of  the  forces 
soliciting  the  body,  in  relation  to  any  three  rectangular  axes,  shall  be  separately  zero.  This  is 
expressed  by  the  relations  X  =  0,  Y  =  0,  Z  =  0, 

L  =  0,  M  =  0,  N  =  0, 

which  we  call  the  six  equations  of  uniform  motion,  or  the  equilibrium  of  an  invariable  body,  freo 
and  solicited  by  any  forces. 

Centrifugal  Force. — It  is  well  known  that,  if  we  tie  a  stone  or  other  heavy  body  to  a  cord, 
impress  it  with  a  circular  motion  of  which  the  hand  is  the  centre,  the  cord  will  experience  a 
tension,  the  greater  as  the  motion  is  more  rapid.  From  observation  of  this  fact  came  the  use  of 
the  sling  as  an  implement  of  war  amoug  the  ancients,  and  which  is  now  but  a  boy's  play.  Similar 
effects  are  seen  in  waggons  running  swiftly  in  short  curves,  in  circuses,  when  the  horses  and  riders 
are  naturally  induced  to  lean  towards  the  centre  of  the  curves  they  describe  to  prevent  being  over- 
thrown. The  reader  may  readily  find  other  effects  from  the  same  cause :  all  of  them  prove  that  in 
curvilinear  motion  the  bodies  are  subjected  to  a  peculiar  force  tending  to  drive  them  from  the 
centre,  which  force  is  called  the  centrifugal  force. 

Measure  of  the  Centrifugal  Force. — To  understand  what  takes  place  when  a  material  point  is 
submitted  to  the  action  of  the  centrifugal  force,  let  us  examine,  first,  how  this  force  is  developed 
in  circular  motions.  When  a  material  point  or  an  elementary  mass  m  passes  from  one  element  of 
a  curve  which  it  describes  to  another,  it  tends  by  virtue  of  its  inertia  to  continue  its  motion  in  the 
direction  of  the  prolongation  of  this  element,  or  of  the  tangent  6  d  of  the  curve,  and  is  what  is  termed 
flying  off  at  a  tangent,  as  is  the  case  with  the  sling  at  the  moment  one  suddenly  lets  go  his  hold 
upon  the  cord.  If  the  mass  m  takes  the  direction  of  the  next  element,  it  is  then  retained  upon  tho 
curve,  either  by  the  resistance  of  the  curve  itself,  upon  which  it  then  exerts  a  pressure,  or  by  the 
tension  which  it  develops  in  the  cord.  This  pressure  or  tension  is  itself  the  measure  of  the  centri- 
fugal force,  in  contradistinction  to  which  it  is  sometimes  called  the  centripetal  force. 

This  force  is  in  the  direction  of  the  radius  of  the  curve  or  of  the  corresponding  circle,  and  if  w« 
call  V  the  velocity  with  which  the  mass  m  is  impressed  in  the  direction  of  a  b,  and  take  the  length 
bdto  represent  it,  it  is  clear  that  the  velocity  destroyed  by  the  resist- 
ance of  the  cord  or  the  centripetal  force,  will  be  represented  by 
the  side  de  of  the  parallelogram  bcdf,  whose  side  dc  is  parallel  to 
the  radius  o  6,  in  the  direction  of  which  this  force  is  exerted.  Now, 
an  inspection  of  the  figure  shows  that  the  angles  a&O  and  bdc  are 
equal  as  internal  and  external,  and  the  angles  deb  and  c&O  as  alter- 
nate and  internal;  and  as  moreover  the  angles  c6O  and  a&O  being 
formed  on  both  sides  of  the  radius  by  two  equal  and  consecutive 
elements  of  the  circle  or  of  the  polygon  whose  infinite  number  of 
Bides  replace  it,  it  follows  that  theangles  bdc  and  deb  are  equal,  and 
the  triangle  6  d  c  is  isosceles.  Then  the  velocity  6  a  with  which  the 
mass  m  is  moved  in  the  direction  of  the  following  elements  bt,  ia 
the  same  as  that  it  had  in  the  direction  of  the  preceding  element. 
Thus,  in  circular  motion,  the  centrifugal  force  docs  not  alter  the  velocity 
of  rotation ;  which  ia  conformable  with  the  principle  of  work,  since 
this  force,  in  the  direction  of  the  radius,  or  normal  ta  the  path 
described,  produces  no  work  in  the  direction  of  motion,  so  long  as 

there  is  no  path  described  in  its  own  direction  and  by  its  action.     This  being  settled,  the 
velocity  destroyed  in  the  element  of  time  t  by  the  centripetal  force  has,  according  to  the  figure, 
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d  c  for  ito  measure,  and  tho  centripetal  and  centrifugal  forces,  which  are  equal  and  directly  opposite, 
have  for  ft  common  measure  F  =  m .  — . 

Now,  tho  triangle  bdc  and  06 1  having  equal  angles,  are  similar;  wo  havo  then 
bO  I  bt  ::  bd  I  dc,  whence  dc  =  — TQ — =  -jr  •  In  calling  R  tho  radius  of  the  circle  described, 

and  «  tho  elementary  arc  run  over  in  tho  clement  of  time  t ;  and  as  we  havo  V  =  -^  or  a  =  V  t,  it 

V  x  V  f     Vf 
follows  that  dc  =  - — 5 —  =  rr  ;  w*d  finally,  that  the  centrifugal  force  has  for  its  measure; 

p  _  ***        =  m   .  ;  if  moreover,  wo  call  V,  the  angular  velocity,  or  that  at  tho  unit  of  distance, 

V2R2 
wo  have  V  =  V,  R,  and  the  expression  for  tho  centrifugal  force  becomes  F  =  m  —  R—  =  m  V,2  R. 

What  we  have  said  of  tho  centrifugal  force  applies  to  a  material  point  describing  any  mi  M  d 
lino,  since  in  each  of  its  positions  an  osculating  circle  may  be  substituted  for  the  curve ;  the  only 
diflVrence  being  in  the  fact  that  the  radius  R  of  this  circle  varies  for  each  position  of  the  moving 
body,  while  that  in  the  circle  is  constant. 

Work  Developed  by  the  Centrifugal  Force. — When  instead  of  being  retained  by  a  circular  curvo 
or  at  a  constant  distance  from  the  centre  of  rotation,  the  material  point  is  removed  farther  from 
it,  the  centrifugal  force  will  cause  it  to  describe  a  certain  path  in  the  direction  of  the  radius ;  it 
develops  upon  this  body  a  work  easily  appreciated.  In  fact,  if  in  an  element  of  time  the  material 
point  is  displaced  in  the  direction  of  the  radius  by  a  certain  elementary  quantity  V,  tho  correspond- 
ing work  of  the  centrifugal  force  will  be  Fr  =  «iV,2Rr,  and  the  total  work  duo  to  this  force, 
when  the  material  point  shall  have  passed  from  R1'  to  R'  at  a  greater  distance  from  the  centre,  will 
be  gi\vn  by  the  sum  of  all  the  analogous  elementary  works  taken  from  R  =  R"  to  R  =  R'.  Now 

we  see  from  the  principle  of  work  that  this  sum  is  equal  to  ^  m  V,2(R'2  -  R"2)  =  -^  m  (V'2  -  V"2) 

if  we  call  V  =  V,  R'  and  V"  =  V,  R",  the  velocities  of  rotation  of  the  point  around  the  centre. 

1  1 

We  have  then  for  the  work  of  the  centrifugal  force  T  =  ^  m  V,2  (R'2  -  R"2)  =  TJ  m  (V2  -  V"2). 

We  remark  that  the  second  member  of  this  relation  is  no  other  than  the  variation  of  the  vis 
rica  of  rotation,  experienced  by  the  material  point  while  partaking  of  this  motion  in  its  removal 
from  the  centre  of  rotation,  whatever  may  be  the  curve  or  path  described  in  this  removal.  This 
expression  then  could  be  directly  deduced  from  the  principle  of  vis  viva. 

In  the  case  just  considered,  the  centrifugal  force  tends  to  increase  the  absolute  velocity  of  tho 
body  moved,  and  acts  thus  as  a  motive  force  which  is  developed  in  the  motion  of  rotation.  When, 
on  the  other  hand,  the  body  approaches  the  centre,  the  centrifugal  force  is  opposed  to  it,  and  acts  a.s 
a  resistance  in  developing  a  work  having  indeed  the  same  expression,  but  which  is  resistant,  since 
the  path  described  is  in  a  direction  contrary  to  the  action  of  the  force. 

The  preceding  considerations  will  find  their  application  in  the  study  of  the  effects  of  certain 
hydraulic  receivers. 

Action  of  the  Centrifugal  Force  upon  Waggons. — When  a  coach  with  great  speed  turns  upon  a 
short  curve,  the  effectsof  the  centrifugal  force  is  felt  by  the  passengers,  who  are  driven  towards  the 
outer  curve  with  an  intensity  often  dangerous  for  those  placed  on  the  outside,  and  which  may  even 
disturb  the  stability  of  the  coach  itself. 

There  is  often  a  prejudice  against  the  effects  of  this  force  upon  railways,  when  it  is  proposed 
to  use  curves  of  small  radius;  but  it  is  easily  shown  by  figures,  that  in  this  regard  the  greute.it 
velocities  with  the  common  radii  of  curves  produce  no  danger. 
In  fact,  calling  P  the  weight  of  the  car  or  any  carriage,  A  the 
height  of  its  centre  of  gravity  above  the  plane  of  the  track, 

p 
F  =  -  V,*  R  the  centrifugal  force,  2  c  the  width  of  the  track.    It 

is  evident  that  when  the  car  passes  around  the  centre  O  of  the 
curve,  and  is  arrested  by  some  obstacle,  such  as  the  falling  or 
rising  of  the  rail,  it  tends  to  upset  outwards,  in  turning  around 
the  point  a  of  instantaneous  support.  This  motion  is  counter- 
balanced by  the  weight  P  of  the  carriage,  and  at  the  moment 
when  the  wejght  and  centrifugal  force  are  in  equilibrium  as  to 
the  point,  we  have  between  the  moments  of  the  two  forces  P  and 

P  P 

F  =  -  V,'R  the  relation  Pc  =  ~  V,2RA,  which  shows  that, 

with  equal  velocities  and  weights,  the  stability  of  the  car  will  be 
BO  much  the  greater,  and  the  equilibrium  better  secured,  as  the  width  2  c  of  the  track  is  greater  in 
its  ratio  with  the  height  of  the  centre  of  gravity.  The  velocity  of  transit  answering  to  this 
equilibrium  upon  common  tracks,  for  which  2c  =  4-75  ft.  with  cars  whose  centre  of  gravity  when 
loaded  is  3 '28  ft.  in  height,  and  with  curves  1312  ft.  radius,  will  be  given  by  the  relation 

V,*R  =  -^,  whence  V,  R  =  */  ^  R  =  174'9  ft.,  a  velocity  beyond  the  greatest  speed  of  rail- 
roads. This  shows  that  in  this  regard  the  centrifugal  force  occasions  no  danger.  But  we  should 
not  forget  that  it  brings  the  flanges  of  the  outer  wheels  to  bear  against  the  rails,  producing  a 
cutting  away  which  wears  them  out  and  greatly  contributes  to  their  running  off  the  track. 
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Action  of  the  Centrifugal  Force  in  Fly-wheels.— For  regulating  the  irregularities  of  machines  we 
make  use  of  rotating  pieces  of  considerable  weight  and  diameter,  impressed  with  quite  a  great 
velocity,  upon  which  the  motion  of  rotation  develops  a  centrifugal  force  of  considerable  intt-nsitv 
Thus,  for  example,  the  fly-wheel  of  an  iron  rolling-mill,  established  at  the  iron-works  of  Four- 
chambault,  weighs  13,232  Ibs.,  its  radius  is  9-58  ft.,  the  number  of  turns  it  makes  is  60  in  1'  or 
1  per  second. 

We  have  thus  V,  =  6 -28  ft.  in  1",  and  consequently,  V,  R  =  6 '28  x  9 '58. 

If  we  consider  a  segment  of  the  ring  equal  to  ^  of  its  circumference,  corresponding  to  a  sin"lo 
arm,  its  weight  will  be  2205  Ibs. ;  and  if  its  connection  with  the  adjoining  segment  is  broken, 

the  arm  will  experience,  in  the  direction  of  its  length,  a  traction  expressed  by  rr—r—  x  6-28*  x 
9-58  =  25,887  Ibs.,  which  shows  that  in  fly-wheels  the  centrifugal  force  acquires  a  dan-orous 
intensity,  and  that  it  is  well  to  give  great  solidity  to  their  connections.  The  velocity  of  rotation  of 
these  machines  should  bo  confined  within  certain  limits.  If,  for  example,  we  were  to  imimrt  to  tho 
above  fly  a  double  velocity,  or  120  turns  in  1',  the  centrifugal  force  of  the  segment  just  considered 
would  be  four-fold,  or  equal  to  103,548  Ibs. 

Application  to  the  Motion  of  Water  contained  in  a  Vase  turning  round  a  Vertical  Axis. In  this  case 

the  liquid  molecules  are  simultaneously  subjected  to  the  vertical  action  of  their  own  weight,  and 
to  a  centrifugal  force  developed  horizontally ;  in  order  that  they  shall  be  in  equilibrium  under  the 
action  of  these  two  forces,  it  is  requisite  that  the  resultant  of  these  two  forces  should  be  normal  to 
the  surface  assumed  by  the  fluid  mass,  for  if  this  resultant  was  inclined  to  the  surface  the  mole- 
cules would  yield  to  its  oblique  action. 

Let  us  consider  a  molecule  m  with  the  weight  p  and  mass  P ,  situated  at  the  distance  m  p  =  R 

g 

from  the  axis  of  rotation  A  C.    In  a  horizontal  direction  and  per-  209. 

pendicular  to  the  axis,  it  will  be  impressed  with  a  centrifugal  force  C 

expressed  by  -  V2  R.    Let  us  take  m  B  =  ?-  V2,  R,  m  D  =  p.  and  con- 

9  9 

struct  the  parallelogram  m  B  E  D,  whose  diagonal  normal  to  the 
surface  assumed  by  the  fluid  intersects  the  axis  at ».    The  similar 

triangles  mp  i  and  m  B  E  give  us  m  B  or  ^  Vt2  R  :  B  E  or  p  :  :  m  p  or 

a 

R  '.pi,  whence  pi  =  =p^ 

Thus  the  distance  p »',  which  is  called  the  subnormal,  depends  only 
upon  the  constant  number  g,  and  the  angular  velocity  supposed  also 
to  be  constant.      Consequently  this  distance  is  constant,  which, 
according  to  the  known  properties  of  the  parabola,  shows  that  the  generating  curve  of  the  surface 
of  the  level  is  a  parabola  whose  summit  is  at  the  point  O,  and  whose  axis  is  that  of  the  rotation, 

2  <] 
and  we  readily  see  that  its  parameter  is  — -  ,  so  long  as  we  have  pp1  or  2  x  '.  mp  or  y  '.  '.  mp  or  y  : 

p  i  or  ^L  i  whence  #2  =  ~  x. 

Surface  of  Water  contained  in  a  Bucket  of  a  Hydraulic-wheel  with  a  Horizontal  Axle. — In  following 
the  reasoning  of  the  preceding  case,  it  is  easy  to  see  that,  if  we  represent  by  a  6  the  centrifugal 

force  •*-  V,2  R,  and  by  a  d  the  weight  p  of  any 
molecule  situated  on  the  surface,  we  shall  have  the 
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proportion  a  b  or  —  V,2  R 

i/ 


be  or  p  :  :  R  :  01, 


whence  O I  =  T^J  ;  which  shows  that  the  distance 

v  j 

O I  is  constant  for  all  points  of  the  surface  of  the 
liquid,  and  that  consequently  this  surface  is  that  of 
a  cylinder,  with  a  circular  base  of  radius  a  I,  whoso 
axis  is  parallel  to  that  of  the  wheel.  This  theorem, 
for  which  we  are  indebted  to  SI.  Poncelet,  serves  as 
the  basis  of  the  theory  which  this  engineer  has  given 
upon  the  effects  of  water  in  bucket-wheels  with  great 
velocities. 

Regulators  with  Centrifugal  Force.— The  action  of 
centrifugal  force  is  utilised  in  the  construction  of  an 
apparatus  called  a  governor.  It  consists  principally  c"  • 
of  a  vertical  spindle  AH,  Fig.  211,  which  receives 
from  the  machine  to  be  regulated  a  motion  of  rota- 
tion. Upon  this  spindle  are  suspended  two  rods  A  P 
and  A  P'  jointed  at  A,  and  terminated  by  the  equal 

weights  or  bobs  P  and  P'.    At  the  two  joints  B  and  B'  of  the  rods  A  P  and  A  F  arc  .joint 
other  equal  rods  B  C  and  B'O ,  forming  with  the  first  a  lozenge,  and  which  at  their  ends  C  am 
are  also  jointed  with  a  collar  traversed  by  the  vertical  spindle  with  which  it  turns,  Imvn 
same  time  a  motion  of  translation  in  the  direction  of  the  length  of  this  spindle.    This  col 
yoke  in  which  is  fastened  the  fork  of  a  lever  D  E,  which  acts  upon  the  throttle-valve*  fo     team,  or 
upon  any  other  piece. 
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The  working  of  thin  contrivance  is  readily  understood.     By  tho  effect  of  the  rotatory  motion  of 
the  vertical  -i>mdle.  the  Lulls  of  tho  regulator  are  thrown  outwards  from  the  axis,  aud  so  raise  the 
collar  a  certain  height.    If  tho  nmohino  him  attained 
and  piescfTe*  it*  normal  velocity,  the  balls  and  the 
collar  an-  hold  in  tho  «uao  jxwition,  because  there 
ia  established  a  stato  of  equilibrium  hetweon  tho 
centrifugal  force  and  the  weights  of  the  different 
part*  of  the  apparatus.     When  tho  velocity  in- 
t,  the  centrifugal  force  increases,  tending  to 
outwards  tho  balls  and  to  raise  the  collar, 


e  . 

Let  os  examine  tho  mechanical  conditions  of 
the  action  of  this  apparatus,  and  first  suppose  tho 
collar  C  C1,  as  well  as  the  rods  B  C  and  B'  C',  to 
be  in  o.|itilil>rium  with  the  lever  D  E,  so  that, 
neglect  in-.;  fri<-tic.n,  wo  nmy  regard  the  rods  AB 
and  A  B'  as  free  to  yield  to  the  centrifugal  force 
whii-h  tends  to  separato  them,  and  to  the  weight  of 
the  balls  which  tends  to  bring  them  nearer  to  the 
spindle. 

The  centrifugal  force  of  each  ball  is  —  V,3  x 

O  P,  and  its  moment  in  relation  to  the  axis  of  joints 
p 

A  fo  --  V,  xOPxAO.     The  moment  of  the 
g 

weight  P  of  each  ball  in  respect  to  the  same  axis  is 
P  x  O  P.  Consequently  the  condition  of  equilibrium 

P  V,2        1 

of  each  is   -  V,»  x  A  O  =  P,  whence  -*•  =  -T-R  ; 

which  shows  that  the  distance  of  the  balls'  sepa- 
ration  fr<>m  the  spindle  depends  not  upon  their 


1 

1 
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weight,  but  solely  upon  the  angular  velocity  of  rotation,  and  enables  us  to  so  dispose  of  the  weight 

of  the  balls  as  to  satisfy  other  conditions.  If  we  call  T  the  time  of  the  revolutions  of  the  balls  around 

the  vertical  spindle,  we  have  V,  T  =  2  •*  =  6  '28,  whence  V,  =  -m-,  and  consequently  -7™  =T~o' 

whence  T  =  2«-»  /  __  ,  which  is  double  the  duration  of  oscillations  of  a  pendulum  having  for 

8 
its  height  the  height  A  O,  at  which  the  balls  would  be  raised  to  the  normal  velocity. 

The  above  formula  enables  us  to  determine  approximately  the  height  A  O  at  which  the  balls 
are  raised  with  a  given  velocity,  and  thus  to  establish  their  mean  position.  It  gives,  in  fact, 

AO  =  ^  =  0-81517T*.    Thus  for  T  =  1",  AO  =  0-81517  ft.;  T  =  2",  AO  =  3-2606  ft. 

In  this  calculation  we  have  neglected  the  weight  and  the  centrifugal  force  of  the  rods  A  B 
and  AB'. 

The  preceding  remarks  are  not  sufficient  to  ensure  the  action  of  the  pendulum  as  a  regulating 
apparatus,  since  it  is  a  requisite  that  it  should  be  able  to  move  the  lever  D  E  and  the  parts  for  the 
distribution  of  the  steam  or  water  upon  which  this  lever  operates,  or  in  other  terms,  it  should  be 
able  to  overcome  the  resistances  experienced  in  the  motion  of  the  collar,  when  the  balls  are 
separated  or  brought  nearer  to  each  other.  These  resistances  can  be  estimated  or  measured  when 
the  apparatus  is  constructed,  and  if  we  call  2  Q  the  vertical  force  applied  to  the  collar  in  the 
direction  of  the  vertical  spindle,  V,  =  (1  -f-  n')  V,  another  angular  velocity,  greater,  for  example, 
than  the  mean  velocity  V,  by  a  fraction  n'  of  the  latter,  it  is  easily  seen  that  the  force  2  Q  can  be 
resolved  into  two  other  forces  parallel  and  equal  to  Q,  applied  at  each  of  the  joints  B  and  B',  and 
that  then  we  shall  have  for  the  equilibrium  corresponding  to  these  new  conditions,  at  the  instant 

of  its  being  broken,  the  relation  —  V^xOPxAC^PxOP  +  QxBO'.    Calling  a  the  dis- 
tance A  B  =  A  B'  and  6  the  length  A  P  =  A  P'  of  the  rods  to  the  centre  of  the  balk,  we  remark 


that  6:a::OP:BO',  whence  BO'=      .OP,  and  consequently    ~--  AO  =P  +  Q  .     .    We 

have   previously  found  that  the  value  of   A  O  corresponding  to  the  mean  position  of  the 

.7  V  ^  a 

balls  was  A  O  =  ^rr  ;  the  above  relation  becomes,  then,  P  yj-  =  P  +  Q  -7-,   whence  we  derive 

P      a       "Vs,  a  a 

Q  =~&  V',  -V1,  ~  6  (2  n'  +  »»">)  =  2T^''  M  lonS  **  n>2  "*  ver?  sma11  comPared  with  "'• 

We  also  see,  then,  from  these  considerations,  due  to  M.  Poncelet,  that  there  exists  a  necessary 
relation  between  the  ratio  of  the  weight  of  the  balls  to  the  resistance  and  the  degree  of  regularity 
of  which  the  apparatus  is  susceptible. 

We  see,  also,  that  for  a  degree  of  regularity  desired  or  considered  as  necessary  in  the  operation 
of  the  machine,  the  weight  of  the  ball%  increases  proportionally  with  the  resistance  which  the  collar 
opposes  or  experiences.  Then,  for  example,  if  we  have  the  proportions  a  =  0-666,  and  if  we  have 
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"'  =  50  =  °'02'wefin(1  Q  =  2  x  QM)2  =  16'5'  **  that'  tf  the  resistanp°  of  the  collar  was  only 
22-05  Ibs.,  the  weight  of  each  of  the  balls  should  be  P  =  11  -03  x  16-5  =  181  -99  Ibs  This  result 
shows  that  this  apparatus  cannot  give  a  great  degree  of  regularity  to  machines,  without  great 
dimensions  and  weights,  if  we  would  overcome,  directly  by  the  collar,  oonsid,  -niMe  redcteneea 

It  is  from  a  disregard  of  these  circumstances  that  many  constructors  have  faik-d  in  the  /M-il. 
lishment  of  this  kind  of  regulators,  made  for  the  purpose  of  raising  sluice-gates,  or  in  fixtures 
for  the  distribution  of  steam.  This  serious  inconvenience  may  be  avoided  ;  and,  with  this  wimple 
and  solid  apparatus,  we  may  obtain  a  proper  regulation  by  arranging  it  in  the  niuniier  which  will 
be  hereafter  described.  See  GOVERNORS. 

How  to  Estimate  the  Units  of  Work  in  a  Rotating  Body.  —  To  take  a  simple  case,  let  two  balls 
C  and  D,  be  connected  by  a  rod,  A  D,  and  made  to  revolve  round  the  centre  A  •  'suonoso  C  to 
weigh  50  Ibs.  and  D  20  Ibs.  ;  the  distance  of  C  from  A  = 
12  ft.,  and  that  of  D  =  27  ft.    It  is  required  to  find  the 
units  of  work  in  these  balls  when  the  point  B,  1  ft.  from 
the  centre  of  motion  A,  moves  at  the  rate  of  19  -3  ft. 
a-second. 

The  centre  of  gyration  is  also  required  —  that  is,  a  point, 
G,  in  the  rod  where  we  may  suppose  the  weight  of  the 
two  balls  collected  —  so  that  the  amount  of  work  may 
remain  the  same  as  when  the  bodies  were  apart. 

Velocity  of  C  =  (19  '3  x  12)  feet  a-second. 

Velocity  of  D  =  (19  '3  x  27)  feet  a-second. 
(19  3  x  12)2  x  50 

Units  of  work  in  C  =    -  ^~  -   =  41688. 

ri9"3  X  27V  x  20 
Units  of  work  in  D  =   —  ''    '      -   =  84418  '2. 

6*4 

Total  units  of  work  =  126106-2. 
Let  x  be  the  distance,  A  G,  then  the  work  in  the  two 

balls  collected  at  G  =   -  -  ^  X  '    =  126106-2.    .-.  x*  =  311|,  and  x  =  17'639ft. 

Now,  if  the  two  weights  20  -f  50  =  70  Ibs.  be  placed  on  the  -rod  at  the  centre  of  gyration  G,  mul 
move  with  a  uniform  velocity  of  (17  '639  x  19'  3)  feet  a-secoud,  the  amount  of  work  in  the  bodied 
thus  combined  is  the  same  as  when  posited  at  C  and  D. 

From  this  simple  case  it  is  evident  that  when  the  centre  of  gyration  of  a  rotating  body  is  Icnown, 
the  accumulated  work  in  that  body  is  readily  found.  To  find  the  centre  of  m/ratiun  in  differently 
formed  bodies  requires  the  aid  of  a  higher  calculus,  the  introduction  of  which  would  be  out  of 
place  in  the  present  work.  However,  it  is  necessary  to  observe  that  the  distance  of  this  centre 
from  the  axis  of  rotation  in  a  circular  wheel  of  uniform  thickness  is  equal  to  the  radius  of  the 
wheel  x  V  £  :  in  a  rod  revolving  about  its  extremity  it  is  equal  to  the  length  of  the  rod 
x  V^,  and  when  the  rod  revolves  about  its  centre  it  is  equal  to  the  length  x  V-^;  and  in  a 
plane  rim,  like  the  rim  of  a  fly-wheel,  it  is  equal  to  the  square  root  of  one-half  the  sum  of  the 
squares  of  the  radii  forming  the  ring. 

Question.—  The  weight  of  a  fly-wheel  =  8000  Ibs.,  suppose  the  centre  of  gyration  to  be  10  ft.  from 
the  axis,  the  diameter  of  which  =  14  inches  :  the  wheel  makes  27  revolutions  a-minute  ;  how  many 
revolutions  will  it  make  before  it  stops,  the  friction  of  the  axis  being  £  of  the  whole  weight  ? 

20  x3-1416x  27 

Velocity  of  centre  of  gyration  a-second  =  -    —          =  28  -2/44  ft. 


Work  in  the  wheel  =  =  99411-77. 

6652. 

90411  '77 
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Circumference  of  the  axis  in  feet  =        x  3-1416  =  3  -6652. 


Work  destroyed  in  *  revolutions  =  3-6652  X  a  X  ^-  =  5864'32  *.    /. 

16-952  revolutions. 

Question.—  The  weight  of  a  fly-wheel  is  1J  ton,  the  distance  of  the  centre  «i  m/mtinn  from  (ho 
axis  =  8ft.,  and  the  number  of  revolutions  a-minute  =  24:  what  number  of  strokes  will  tl,i* 
wheel  give  two  forge-hammers,  each  weighing  250  Ibs.,  each  hammer  having  a  lift  of  3  ft.,  frictiou 
being  neglected?  (20-1)^3300 

Velocity  of  the  centre  of  gyration  =  20  •  1  ft.  a-second.    Work  in  the  wheel  =  (  .  ,  , 

229S4"6 

Work  of  x  lifts  of  the  hammers  =  250  x  2  x  3  x  x  =  1500  x.  .'.  1500  x  =  22984  -G.  .-.  *  = 
15  '3  lifts  to  each  hammer. 

Question.—  The  diameter  of  a  grindstone  is  5  '6  ft.,  and  its  weight  =  386  Ibs.  ;  the  efouitaanM 
is  made  to  revolve  with  a  velocity  of  6  ft.  a-second  ;  the  circumference  of  the  axis  =  8  indie*,  tlio 
friction  of  it  ^  -f  of  the  weight  :  find  the  number  of  revolutions  made  by  the  atone  when  left  to 
itself? 

The  centre  of  gyration  from  the  axis  of  the  grindstone  =  2'8  V  i- 

To  find  the  velocity  of  the  centre  of  gyration,  -^     I  G  I  I  2-8  A/f  :  C  /£    The  square  «f 


KM 


Work  in  tho  stone  = 


ANIMAL-CHARCOAL  MACHINE. 
18  x  386 


~  =  108-    Let  *  ^  tho  numll)er  of  revolutions,  then 


8   x  *;*'  x  x    th»-  work  destroyed  in  x  revolutions.  Byrne's  Essential  Elements  of  Practical  Mechanics. 

AMMM.   CUM:.  -m.    M.  u  IIIXKHY  TOB  BKBUBNING. 

AMMA1    (  IIAKioU    MAt  1IINK.  FB.,  Machine  a  punfier  le  noir  animal  ;  GEB.,  Maschine  zur 
it**)  tfc-r  ThicrkMc;  ITAL.,  1/ua-Aina  da  carbons  animate;  SPAN.,  Mdquina  para  purificar  el  carbon 

Tin-  npparatus  of  J.  F.  Briujes,of  London,  for  rcburning  animal  charcoal  is  shown  in  Figs.  213, 
114,216,  W6. 

313.  215. 


Fig.  213  represents  a  front  elevation  of  the  appa- 
ratus.   Fig.  214  is  a  sectional  elevation  of  Fi^'.  213. 

Fig.  215  is  a  back  elevation,  and  Fig.  2K!  is  a 
section  at  the  back  of  the  apparatus.  A  is  the  brick- 
setting  of  the  horizontal  retorts,  B,  and  C,  each  of 
which  receives  a  circular  reciprocating  motion  of 
nearly  one  entire  revolution  on  its  longitudinal  axis. 
The  upper  retort,  which  acts  as  a  dryincr-fhninlxr 
for  preparing  the  charcoal  for  the  re-carbonization 
whicli  takes  place  in  the  lower  retort,  is  contained  in 
a  separate  brick-chamber  of  its  own.  which  is  situat.  .1 
immediately  above  the  roof  of  the  furnace  or  fireplaco 
D,  the  heat  from  which,  after  circulating  round  the 
lower  retort,  enters  the  upper  chamber  through  open- 
ings left  for  that  purpose  in  the  roof  of  the  furnace, 
and  then  acts  upon  the  upper  retort  before  passing 
off  to  the  chimney.  EE  are  passages  provided  with 
dampers,  and  leading  to  the  main  flue,  F,  below. 
The  two  retorts  are  provided  with  a  series  of  internal  flanges,  a,  a,  at  intervals  of  about  (>  or 
8  inches,  and  ledges  are  formed  between  the  flanges  for  carrying  up  tlie  charcoal  as  the  retorts 
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«*  aU  tbe8e 

Iii  order  to  cause  the  charcoal  to  travel  continuously  along  the  retorts 
of  re-carbonizmg,  an  angled  projection,  somewhat  after  the  form  of  a  ttS^ 


105 
arc  disposal  in  a 


-  the 
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inside  the  cylinder,  in 
each  of  the  intervals  or 
Bpncea  between  tlio 
eevornl  internal  rings 
or  flanges,  and  exactly 
in  the  centre  line  of 
the  openings  in  those 
flanges.  The  two  op- 
posite sides  of  these 
projections  present  re- 
verse angles,  both  of 
which  direct  the  char- 
coal into  the  next  in- 
terval or  space  on  tho 
partial  rotation  of  tho 
retort.  The  upper  ro- 

tort  is  driven  direct  by  a  mangle  wheel  and  pinion  arrangement  G,  and  tin's 
motion  is  transmitted  to  the  lower  retort  by  means  of  the  endless  chain  If, 
suspended  from  the  rear  end  of  the  upper  retort,  and  passing  under  tho 
corresponding  end  of  the  lower  retort.  Both  ends  of  the  retorts  are  onpi>orted 
upon  anti-friction  pulleys,  c  c,  carried  in  the  transverse  framing,  I,  bolted  to 
the  main  supporting  columns,  K  K.  The  feeding-hopper,  L,  Ojxms  into  a 
floor,  M,  from  which  the  charcoal  is  shovelled  when  being  supplied  to  tho 
retorts,  the  feed  being  adjusted  by  means  of  the  sliding  door,  M,  worked  by 
a  winch-handle  and  screw-spindle.  N  is  a  sliding  door,  covering  an  opening 
in  the  inclined  side  of  the  hopper,  for  the  purpose  of  inspecting  the  interior 
of  the  retort ;  a  spy-hole  being  also  provided  for  the  same  purpose  at  O  in 
the  stationary  front-cover,  P,  of  the  lower  retort.  The  upper  retort  discharges 
its  contents  into  the  conduit  Q,  which  conducts  it  to  the  lower  retort;  after 
traversing  which  it  is  discharged  down  the  pipe  K,  into  the  closed  box,  or 
receiver,  S.  From  this  receiver  it  passes  through  the  cooler,  which  COHM-I-  i.f 
a  number  of  long,  narrow  passages,  T,  placed  side  by  side,  and  having  inter- 
vening air-spaces  between  them,  for  the  more  effectual  cooling  of  the  content*. 
By  the  time  the  charcoal  has  traversed  these  coolers,  it  is  sufficiently  cool  to 
be  exposed  to  the  action  of  the  atmosphere,  and  is  discharged  into  a  mml! 
truck  or  waggon,  V.  The  vapours  which  are  evolved  during  the  relmniing  of 
the  charcoal  are  carried  off  by  the  pipe  V,  provided  with  u  thiottlr-\nl\- .  \V. 
into  the  chamber  X,  communicating  with  tho  chimney.  The  imp! 
consequences  arising  from  the  free  escape  of  noxious  effluvia  are  thus  obviated.  The  i  -ntm 
arrangement  is  supported  upon  strong  iron  girders,  Y,  resting  upon  columns,  /,  in  the  Iwseim  nt. 

Each  apparatus  of  two  cylinders  over  one  furnace  is  capable,  in  ordinary  working,  of  relmniinp 
about  90  tons  of  animal  charcoal  a-week,  with  a  consumption  of  about  10  tons  of  coal,  or  ut  tho 
rate  of  only  1  ton  of  fuel  to  9  tons  of  charcoal. 

Animal  charcoal  is  prepared  by  calcining  bones.  The  Ixraes  are  either  placed  in  closed  retorts, 
similar  to  those  employed  in  the  manufacture  of  gas  for  illuminating  purjKwes.  or.  1><  tti-r  t-till.  in 
closed  iron  or  earthenware  pots,  piled  one  above  another  in  kilns,  somewhat  similar  to  pottery-kiln.-'. 
KiH-h  pot  contains  about  50  Ibs.  weight  of  bones;  and  tho  time  required  for  the  o.iN].Me  cal- 
cination of  a  charge  is  from  fourteen  to  eighteen  hours.  The  pots,  after  they  are  withdrawn  fn>m 
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th«  kiln,  are  kept  cloecd  fora  time,  in  order  to  i-xi-lnde  the  air;  and  when  sufficiently  cool,  their 
contents' aro  discharged  into  H  nu^a/iiu'.     Tin-  ealeine.l  hours,  in  tho  atutc  of  animal  charcoal,  are 
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subsequently  crushed  by  passing  them  through  rollers,  which  are  grooved  in  order  to  prevent  tho 
formation  of  du.-t  or  tine  powder;  the  charcoal  being  required  in  a  granulated  state,  and  free  from 
dust,  fur  the  purjw>scs  of  the  sugar-refiner.  After  being  used  some  little  time  in  the  clarifying  of 
sugar,  the  charcoal  loses  its  decolourizing  properties :  and,  in  order  to-  restore  them,  it  is  subjected  to  a 
:r'yiuu  process,  which  consists  in  first  thoroughly  washing  it,  for  the  purpose  of  removing  tho 
saccharine  matter  adhering  to  it,  and  then  allowing  it  to  dry.  When  dry,  it  is  placed  in  close 
:.  torts,  ami  recaleined.  On  cooling,  it  is  found  to  have  almost  entirely  regained  its  former 
virtue.  The  immense  consumption  of  animal  charcoal  in  the  purifying  or  decolourizing  of  sugar, 
about  70  tons  of  charcoal  to  100  tons  of  sugar,  renders  the  process  of  revivifying  one  of  considerable 
commercial  importance. 

In  France,  the  reburning  or  revivifying  of  animal  charcoal  has  long  been  carried  on,  but  until 
vi  ry  recently  in  a  crude  and  imperfect  manner,  compared  with  the  mechanical  appliances  which 
have  been  for  some  years  brought  to  bear  upon  this  branch  of  industry  in  this  country.  Tho 
arrangement  designed  by  Crespel-Delisse,  of  Arras,  is  shown  in  Fig.  217,  which  represents  a  transverse 

d  section  of  the  furnace,  taken  through 
two  of  a  scries  of  twenty  retorts,  placed  hide 
by  side  in  pairs,  and  heated  by  one  furnace. 
A  is  a  brick -setting,  and  13  the  furnace, 
above  and  on  either  side  of  which  are 
arranged  the  inclined  retorts,  C  C,  set  in  the 
comliu.^tion-rhamber  D.  These  retorts  are 
of  a  rectangular  section,  and  open  at  their 
upper  ends  on  to  the  plate  E,  upon  which 
the  animal  charcoal  is  spread  for  the  pur- 
pose of  drying  it  before  it  is  shovelled  into 
the  retorts.  Near  the  bottom  of  each  retort 
la  fitted  a  sliding  door,  F,  which  is  kept 
shut  whilst  the  reburning  is  going  on,  and 
ojM-ncd  to  empty  the  retorts.  The  charcoal, 
aa  soon  as  the  discharging-doors  are  opened, 
descends  by  its  own  gravity  into  closed  re- 
ceivers, G,  where  it  is  kept  from  contact 
with  the  atmosphere  until  sufficiently  cool 
to  be  packed. 

Each  receiver  is  capable  of  containing  one  charge  of  the  retort ;  and  by  the  time  the  charge  has 
sufficiently  cooled,  the  succeeding  one  which  has  been  introduced  into  the  retort  will  be  ready  for 
discharging,  consequently  the  process  in  almost  continuous.  From  twenty-five  to  fifty  minutes  are 
required  for  the  rebuming  of  each  full  charge  of  the  entire  series  of  twenty  retorts,  which,  working 
day  and  night,  give  on  an  average  about  one  ton  of  animal  charcoal  in  the  twenty-four  hours. 
The  consumption  of  fuel  ia  at  the  rate  of  about  one  ton  of  coal  for  five  tons  of  revivified  animal 
charcoal. 

Wh.  n  crucibles  or  pots  are  used,  the  gas  evolved  through  openings  left  for  that  purpose  readily 
ignites,  and  so  assists  hi  the  burning  of  the  charcoal ;  the  result  being  a  probable  saving  of  fuel, 
as  compared  with  the  consumption  when  ordinary  closed  retorts,  similar  to  gas-retorts,  are 
employed. 

The  first  improvement  of  any  note  in  the  appliances  for  reburning  animal  charcoal  was 
effected  in  1846  by  J.  W.  Bowman,  who  introduced  revolving  retorts  in  lieu  of  stationary  apparatus, 
whereby  the  charcoal,  by  being  constantly  agitated  and  turned  over  during  the  process  of  reburning, 
is  more  readily  and  uniformly  operated  upon,  thus  effecting  a  saving  of  both  tune  and  fuel.  Fig.  218 
shows  a  longitudinal  vertical  section  of  Bowman's  arrangement.  A  is  a  cylindrical  horizontal 
retort,  which  revolves  in  bearings  formed  in  the  two  fixed  end-plates  B,  rotatory  motion  being  given 
to  the  retort  by  means  of  endless  chains,  C,  passing  round  large  grooved  pulleys,  D,  on  each  end  of 
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the  retort,  and  over  corresponding  pulleys,  E,  on  an  overhead  sliaft,  F,  driven  by  steam  or  other 
power.  Each  extremity  of  the  retort  is  provided  with  a  door  or  cover,  G,  the  front  one  of  which  is 
so  fixed  as  to  be  readily  removed, 

and  when  removed,  suspended  by         J1|a_   «,  21 8. 

the  chain,  H,  which  passes  over 
overhead  guide-pulleys,  and  has  a 
counter-weight  suspended  thereto. 
I  is  a  tube  in  the  back-cover, 
through  which  any  vapours  driven 
off  from  the  animal  charcoal  may 
pass  away  to  a  condenser.  K  is 
the  fireplace  or  furnace  for  heating 
the  retort ;  and  to  prevent  it  acting 
too  violently  on  the  retort,  fire- 
bricks or  lumps,  L,  with  openings 
in  them,  are  interposed  between 
the  fire  and  the  retort.  M  M  are 
dampers  for  regulating  the  fire. 
Inside  the  retort  are  fitted  a  num- 
ber of  ledges,  N,  which,  during  the 
revolution  of  the  cylinder,  cause 
the  animal  charcoal  to  be  deflected 
towards  the  centre,  thereby  effec- 
tually burning  and  regulating  the 
contents  whilst  subjected  to  the 
action  of  the  fire.  The  flames  and 
products  of  combustion  have  free 
play  round  the  sides  of  the  retort ; 
and  as  the  latter  is  constantly 
revolving,  it  becomes  uniformly 
heated.  In  using  this  apparatus, 
a  charge  of  animal  charcoal  is  in- 
troduced through  the  front  door, 
which  is  then  closed,  and  the  retort 
eet  in  motion  till  the  charge  is 
properly  reburnt,  after  which  it  is 
withdrawn  and  a  fresh  charge  in- 
troduced, the  process  being  inter- 
mittent. 

The  improvements  in  the  con- 
struction and  setting  of  revolving  retorts  for  reburning  animal  charcoal,  introduced  in  1832  by 
George  Torr,  are  shown  in  Fig.  219.  The  sides  and  one  end  of  the  retort  are  contained  within  the 
combustion-chamber ;  thus  the  end  of  the  retort  is  heated  by  the  flames  which  are  allowed  to  play 
round  it. 

Fig.  219  is  a  longitudinal  vertical  section  of  Torr's  apparatus.  The  retort  A  is  cylindrical,  nnd 
revolves  on  a  horizontal  axis.  That  end  of  the  retort  situated  inside  the  setting  has  a  boss  formed 
upon  it,  which  passes  out  through  the  set-  •  21 9. 

ting,  and  carries  a  large  grooved  pulley,  B  ; 
a  corresponding  pulley  being  fitted  on  to  the 
front  end  of  the  retort.  From  these  two 
pulleys,  endless  chains,  0,  pass  over  corre- 
sponding pulleys,  D,  on  the  shaft,  E,  by 
means  of  which  a  continuous  rotatory  motion 
is  transmitted  to  the  retort.  F  is  a  pipe  for 
carrying  off  the  vapours,  and  G  is  a  •  long 
plate  fixed  by  arms,  H,  to  the  interior  of  the  N 
retort,  for  the  purpose  of  turning  over  its 
contents.  The  addition  of  this  plate  alone 
makes  a  difference  of  nearly  ten  tons  of 
charcoal  in  favour  of  Torr's  arrangement  as 
compared  with  Bowman's.  I  is  the  com- 
bustion-chamber, within  which  the  retort 
revolves,  and  which  is  separated  from  the 
furnace,  K,  by  the  fire  -  clay  lumps,  I;. 
Openings  in  the  roof  of  the  chamber  afford 
a  communication  with  the  flue,  M,  leading 
to  the  chimney.  The  charging  arid  emptying 
door  is  hinged  to  the  retort  at  N.  This 
process  is  also  intermittent,  as  the  retort  is 
stopped  whilst  being  filled  and  emptied. 

In  1856,  James  Bryant  obtained  a  patent  for  the  nse  of  retorts  having  n  ranpn 
alternating  rotatory  motion  on  their  axrs,  in  lieu  of  a  continuous  rotatory  ninti-m.  as  in  I 
and  Torr's  arrangements.    Bryant's  retorts  wore  constructed  and  arranged  in  a  similn 
Ton  \  with  a  space  between  their  inner  ends  and  the  setting  for  the  froo  riroul»tion  at  the  11 
and  gases  from  the  furnace  below.    They  were  suspended  at  one  or  both  ends  by  end 
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•  pulleys  on  a  driving-shaft  al*>ve,  which  shaft  received  an  alternating  or  reciprocating 
rotatory  motion  by  means  of  tin-  ••  man-le  wheel"  or  pinion  arrangement,  and  consequently  the 

,     .       .  ;       .         .  ;       .     ,    I    .::•..-        Tiie    1 1 , 1 .  !':•  T  of  i  :.eh  ol"   1 1 1,  •    ivtorts  \\  as    provided 

with  ledges  similar  t«>  Bowman's,  for  tin-  purpose  of  turning  over  and  directing  the  charcoal 

toward*  tho  centre  of  the  c\linder.     According  to  Bryant's  mode  of  Hcttiir.'.  a  nnmlier  of  retorts 

were  laaged  side  by  wide,  ii'nd  th«-ir  sevmd  actnating'shafts  were  •. .  Mi  .1  1--.  (her,  so  as  to  work 

the  fiwt  ahaft  of  tlie  .-. -n< -s  only  bring  driven  by  the  reveling  arrangement. 

rnin^emi-nt  rendering  the  process  of  rebnrning  animal  charcoal  continuous  was 
totentol  by  Brinies  and  I'ollins  in  1S.">S  ;  the  rvtorta,  according  to  tlieir  system,  being  continuously 
charged  at  one  end  and  emptied  at  tho  opposite  end  by  the  aid  of  on  Archiinndian  screw  inside  the 

•220  represents  a  longitudinal  vertical  section  of  a  portion  of  Brinjcs  and  Collins'  arrango- 

mont.    Tl.  a  longitudinal  cylinder,  A,  which  doea  not  revolve,  but  ia  aet 

pi-nimnently  in  the  brick- 
It,  hi  etich  a  miuiner 

as  to  leave  a  free  space  all 

round  it  fur  tho  cm- 

of  tho  tlnnuw  and  gases  fn>m 

the     furnace,    C,     beneath. 

Into  one  end  of  tho  retort 

opens  the  mouth  of  n 

in-  -  hopper,    B.    whil.-«t    its 

op|Ribite    tnd   opi'iis   direct 

into  a  chamber,  K,  which 
:  v  the  passage,  F,  into 
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a  numlW  of  narrow  cool  in ir- 
in  passing  down 
whi.-li  the  charcoal  ia  suffi- 
ciently cooled  to  be  ready  for 
|«cking.  These  tubes  open 
at  their  lower  extremities 
into  a  box,  H,  shown  also 
in  fide-. •!•  \ation  detached, 
titt.d  «ith  two  slides,  in  the 
form  of  irra tin •_'.•«,  which  slide 

«-\i  r  other  gratin.^a  lixeil  inside  the  box.  These  slides  are  moved  by  the  double  lever,  I,  on  the 
epindlc,  K,  which  spindle  receives  a  rocking  motion  from  a  crnnk-pin,  L,  through  the  intervention 
of  tho  rod,  M,  and  lever-arm,  N.  The  crank-pin  is  carried  on  the  end  of  the  shaft,  O,  of  an 
ArchiintiHitn  screv,  P,  revolving  slowly  inside  the  retort  A,  in  order  to  move  the  charcoal  steadily 
along  whilst  being  reburnt,  and  to  discharge  it  into  the  chamber,  E,  and  cooling-tubes,  G.  Tho 
screw  derives  ita  rotatory  motion  from  a  worm  gearing  into  a  worm-wheel,  Q,  on  the  screw-shaft ; 
this  shaft,  which  carries  the  worm,  being  driven  by  a  belt  and  pulley.  It  will  thus  be  seen  that 
the  apparatus  is  self-discharging ;  for  at  every  revolution  of  the  crank,  L,  the  slides  in  the  dis- 
charpn^-box  will  1M-  alternately  opened  and  closed,  so  oa  to  allow  a  small  quantity  of  the  charcoal 
to  fall  through  the  lower  grating  into  a  receptacle.  A  pipe  is  connected  with  the  chamber,  E, 
for  carrying  off  the  vapours  and  gases  evolved  from  the  charcoal  inside  the  retort,  and  conveying 
them  to  a  condensing- worm  or  other  con- 
densing-apparatus. 

The  idea  of  a  continuous  process  of 
charging  and  emptying  the  retorts,  first 
carried  out  by  Brinjea  and  Collins,  was  sub- 
sequently followed  up  by  Drummond,  of 
Montreal,  and  a  patent  was  obtained  in  this 
country  for  his  arrangement,  in  the  name  of 
James  Pateraon,  in  the  year  1862. 

Drummond'a  plan,  Fig.  221,  consisted  in 
placing  two  or  more  inclined  revolving  or 
n^iprocating  retorts  at  reverse  angles  one 
above  another,  so  that  the  charcoal  descends 
by  its  own  gravity  from  the  upper  to  the 
.-  retort  of  the  series.  The  figure  re- 
presents a  longitudinal  vertical  section  of 
this  arrangement.  A  and  B  are  two  cylin- 
drical retort*,  inclined  in  reverse  directions, 
and  placed  one  above  the  other.  The  flame 
from  the  furnace,  C,  has  free  play  round  the 
sides  of  both  retorts,  which  are  caused  either 
to  revolve  continuously,  or  to  have  an  alter- 
nating motion  on  their  axes,  by  means  of  a 
worm,  O,  gearing  simultaneously  into  two 
worm-wheels.  K,  fitted  on  to  the  end  of  the 

upper  and  lower  retort  respectively.  The  tipper  retort.  A,  is  supplied  with  charcoal  by  the  feeding- 
hopper,  F,  and  as  it  revolves,  its  contents  caused  to  descend  gradually  along  the  interior,  until  it 
reaches  the  lower  end.  where  it  is  lifted  up  by  a  series  of  vanes,  G,  attached  to  the  end-cover  of  the 
retort,  and  by  them  discharged  into  a  pi]>e,  H,  leading  to  the  higher  end  of  the  retort  below.  After 
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traversing  the  second  retort,  the  charcoal  is  again  lifted  up  by  a  set  of  revolving  vanes,  G  nnd 
discharged  into  the  pipe,  I  which  conducts  it  to  the  closed  vessel  or  receiver,  J,  where  it  ren'min 
until  cool  enough  to  be  packed.    By  employing  two  or  more  retorts  in  connection  with  each  c 
and  so  arranging  them  that  the  last,  or  that  in  which  the  operation  is  completed,  shall  receive  the 
greatest  heat,  whilst  the  first  of  the  series,  or  that  into  which  the  charcoal  is  first  8upi.li.tl  r,  ,,  iv,  • 
the  least  amount  of  heat,  a  considerable  saving  of  fuel  is  effected,  as  the  otherwise  waste  heat  after 
having  acted  upon  the  lower  retort,  serves  to  heat  the  upper  one,  and  thereby  to  -rraduallv  ,,re),are 
the  charcoal  for  the  greater  heat  of  the  finishing  retort.    K  is  the  upper  surface  or  ton  ,!l« 
of  the  kiln  upon  which  the  charcoal  may  be  dried  and  then  shovelled  into  the  feedinff-hopMK  the 
plate  being  slightly  inclined  to  facilitate  this  operation.      Drummond,  it  appears  was  the  first  to 
propose  the  use  of  two  or  more  retorts  placed  one  above  another. 

In  1862,  Torr  obtained  another  patent  for  apparatus  for  manufacturing  and  roburnin«  animal 
charcoal,,  whereby  the  process  is  carried  on  continuously,  instead  of  intermittently  as  iii°his  first 
arrangement. 

Fig.  222  is  a  longitudinal  vertical  section  of  this  subsequent  arrangement.  A  is  a  revolving 
retort,  placed  horizontally,  and  provided  with  an  Archimedian  screw,  B,  in  the  interior  thereof  In 
the  interior  of  this  cylinder, 
termed  the  "  main  cylinder," 
there  is  placed  another  and 
smaller  cylinder,  C,  the  axis  of 
which  coincides  with  the  axis  of 
the  main  cylinder,  a  space  of  about 

1  inch  being  left  between  the  ex- 
terior of  the  inner  cylinder  and 
the  threads  of  the  screw,  B.    This 
inner  cylinder   is  open   at  both 
ends,  and  extends  to  within  6  or 
8  inches  of  the  back  end  of  the 
main  cylinder,  and  projects  about 

2  feet  beyond  the  front  of  it.    It 
is  secured  to  the  outer  cylinder, 
and  revolves  with  it. 

An  Arc  hi  median  screw  is  also 
formed  inside  the  inner  cylinder, 
but  in  the  reverse  direction  to 
that  of  the  main  cylinder  ;  and  its 
pitch  and  depth  must  be  in  ac- 
cordance with  the  different  dia- 
meters and  pitch  of  the  outer 
screw,  so  that  the  crushed  bones 
or  charcoal  will  travel  with  the 
same  velocity  and  in  a  continuous 
stream  through  each  cylinder.  At  the  front  end  of  the  inner  cylinder  there  is  a  stationary  hopper, 
D,  for  supplying  the  bones  or  charcoal  ;  and  to  the  front  ends  of  the  cylinders,  A  and  C,  in  MOOnd 
a  revolving  cooling-box,  E,  consisting  of  a  double  drum  of  sheet  iron,  the  inner  drum  havintr  al*>ut 
the  same  diameter  as  the  interior  of  the  main  cylinder.  The  outer  side  or  face  of  this  drum  is 
closed  ;  but  the  inner  side,  next  to  the  main  cylinder,  is  left  open  in  the  centre  to  receive  tho 
contents  of  the  cylinder,  A,  after  being  operated  upon.  A  slide  is  placed  between  the  inner  and 
outer  drum,  for  the  purpose  of  discharging  the  contents  from  the  inner  into  the  outer  drum,  win-re 
they  are  kept  from  contact  with  the  atmosphere  till  sufficiently  cooled  to  l>e  discharged  from  tho 
outer  drum,  by  opening  another  sliding  door.  In  order  to  economize  fuel,  the  waste  heat  from  tho 
furnace,  F^  after  passing  round  the  outer  or  main  cylinder,  A,  and  before  passing  to  the  chimney, 
enters  a  brick  chamber  in  which  there  is  a  revolving  cylinder,  G,  by  preference  of  the  samo 
diameter  as  the  inner  cylinder,  C,  and  provided  witli  an  internal  Archimetiian  screw  attached  to  or 
cast  on  its  inner  surface.  The  crushed  bones  or  charcoal  are  fed  into  the  upper  cylinder  from  tho 
stationary  hopper,  H  ;  and,  after  traversing  the  length  of  the  cylinder,  are  discharged  down  tho 
shoot  and  hopper,  D,  which  direct  them  into  the  inner  cylinder,  C.  After  traversing  this  cylinder 
in  one  direction,  the  charcoal  is  discharged  at  the  inner  end  of  the  cylinder  into  the  main  or 
outer  cylinder,  and  returns  in  the  contrary  direction,  being  finally  discharged  into  the  revolving 
cooling-box. 

In  1804,  J.  F.  Brinjea  contrived  an  arrangement  of  horizontal  cylindrical  retorts,  Imviiv.'  n 
circular  reciprocating,  instead  of  a  continuous  rotatory,  motion  on  their  axes.  Fig.  1'1'A  represents 
a  sectional  elevation  of  this  arrangement.  A  and  B  are  the  upper  and  lower  retort*  :  tin-  np|M-r 
one  receiving  a  circular  reciprocating  motion  direct  from  a  mangle  wheel  and  pinion,  or  other  con- 
venient contrivance  :  and  the  lower  one  deriving  a  similar  motion  from  the  upper  one  by  monns  of  an 
endless  chain  passing  over  the  end  of  tho  upper  retort,  and  under  the  end  of  the  lower  on<% 
suitable  teeth  or  projections  being  furnished  for  taking  into  tho  links  of  the  chain.  These  retorts 
are  contained  in  separate  chambers  above  the  furnace  or  fireplace,  C,  openings  MJBg  HUM' 
the  roof  of  the  lower  chamber  communicating  with  the  upper  one,  KO  that  a  free  eMUMM  "f 
the  heat  from  the  furnace  is  allowed  to  take  place  around  Ixith  retorts  before  it  eacapes  by  tin- 

e,  E,  nnd  chimney.     In  the  interior  of  <-:ieh  r«  tort  a  numU'i 


passages,  D  D,  leading  to  the  flue,      , 

of  internal  flanges  are  fixed  at  regular  intervals,  and  an  owning  is  made  in  <-aeh  flnngr!  o 

series,  such  openings  being  in  a  line  with  each  other,  from  end  to  end  of  the  retorts- 

ment  so  far  being  the  same  as  that  shown  in  Fig.  22;$.     Along  this  line  of  ojK-mngs  n  rock  mi 

cranked  shaft  passes,  which  carries  a  number  )f  inclined  vuu.cs  or  plutcs,  a,  one  in  each  ol 
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intervals  between  tho  flanges.  As  the  cylinders  reciprocate  round  their  nxos,  tho  cranked  shafts, 
with  their  vanes,  turn  ov«  r.  partly  by  "their  own  gravity,  BO  as  to  reverse  tho  angle  of  the 
Tan« :  and  consequently  the  elmr-  rmf  _  223. 

cml,  as  it  falls  down  the  ri.-in- 
aide  of  the  retort,  will  come  in 
contact  with  the  vanes,  and  1-y 
that  means  be  deflected  into  tho 
adjoining  interval.  When  the  re- 
t-irt  n>vewes  its  motion,  the  vanes 
turn  over  to  the  opposite  angle, 
and  the  charcoal  is  again  directed 
inclined  hurfucos  into  tho 
next  one  of  the  intervals  between 
the  flanges,  and  so  on  till  it  hoa 
travelled  front  end  to  end  of  the 
retort.  L  is  a  transverse  section 
of  one  of  the  retorts,  showing  the 
different  positions  of  their  vanes 
or  deflectors.  The  charcoal  is 
di.*'harged  from  the  end  of  the 
up|M-r  retort  into  n  pipe,  F.  which 
conducts  it  into  the  end  of  the 
lower  retort,  through  which  it 
travels  as  above  described,  and  is 
finally  discliarged  into  a  double 
revolving  cooling-box,  G,  which  is 
1  hy  a  water-jacket.  The 
feeding-hopper  is  shown  at  II.  It  opens  out  to  a  floor  or  platform  above  the  retorts,  whereby  the 
charcoal  can  be  readily  shovelled  into  it,  and  is  provided  with  a  sliding  door  forregulating  the  feed. 
I  is  a  pipe  communicating  with  the  connecting-pipe,  F,  of  the  retorts,  for  the  purpose  of  carrying 
off  the  vapour  and  effluvia  evolved  from  the  charcoal  and  conveying  it  into  the  chamber,  K,  leading 
to  the  chimney,  a  throttle-valve  in  this  pipe  serving  to  regulate  the  draught  to  the  extent  required. 

ANNEALING-FURNACE.  FR.,  Fuurneau  a  rtcuire ;  GEE.,  Kiihbfen,  Ausw'dnncofen  ;  ITAL., 
Fono  da  ricvocere ;  SPAN.,  Homo  para  templar  vidrio. 

See  FVRHACZS. 

ANNULAR  PISTON.  FR.,  Piston  annulatre ;  GEE.,  RingfSrmiger  Kolben;  ITAL.,  Stantuffo 
OHularc  ;  SPAN.,  Embolo  anular. 

See  DETAILS  OF  ENGINES.    PUMPS. 

ANTI-CORROSION.  FB.,  Anti-corrosion ;  GEB.,  Gegen-Aetzung ;  ITAL.,  Anticorrosivo ;  SPAN., 
Anti-corrotion. 

See  CORROSION. 

ANTI-FRICTION  METAL.  FR.,  Metal  pour  diminuer  le  frottement ;  GEB.,  Keibung  vermin- 
dentngt  Metal ;  ITAL.,  Lega  di  antifregamento ;  SPAN.,  Metal  para  disminuir  el  rozamiento. 

Babbit's  metal  is  usually  termed  Anti-friction  metal ;  it  is  composed  of  50  parts  tin,  5  antimony, 
and  1  copper.  See  ALLOTS.  An  alloy  of  tin  and  pewter  is  often  used  as  an  anti-friction  metal  for 
the  bearings  of  engines. 

Fenton's  anti-friction  metal  is  a  mixture  of  tin,  copper,  and  zinc ;  it  is  lighter  than  gun-metal, 
and  of  a  soapy  character,  so  that  less  oil  or  grease  is  required  with  it  than  with  gun-metal. 

The  anti-friction  metal  in  use  on  some  of  the  Belgian  railways  is,  in  places  exposed  to  much 
friction,  composed  of  20  parts  copper,  4  tin,  0-5  antimony,  0'25  lead;  and  for  parts  subjected  to 
great  concussions,  20  copper,  6  zinc,  1  tin;  for  surfaces  exposed  to  heat,  17  copper,  1  zinc,  0'5  tin, 
0  •  25  lead.  Mix  the  hut-mentioned  ingredients,  and  then  add  the  copper. 

For  the  bearings  of  axles  and  journals,  a  compound  grease  is  often  employed,  and  termed  anti- 
friction grease.  P.  S.  Develin  oil,  which  is  composed  of  hog*s-lard  and  gutta-percha,  when  mixed 
with  black-lead  is  termed  anti-friction  oil,  and  frequently  used  in  the  United  States. 

At  Munich  a  comjmsition  is  used  consisting  of  10 '5  ports  hog's-lard,  melted  with  2  of  finely- 
powdered  and  sifted  black-lead.  The  first  of  these  ingredients  is  gently  melted,  and  when  liquid 
the  black-lead  is  gradually  added,  the  whole  being  stirred  until  the  ingredients  are  thoroughly 
incorporated,  and  until  the  mixture  is  quite  cool. 

ANTIMONY.    FR.,  Antimoine ;  GER.,  Antimonium,  Spieszqlanz ;  ITAL.,  Antimonio ;  SP.,  Antimonio. 

The  properties  of  antimony  are  in  many  respects  distinguished  from  those  of  other  metals, 
particularly  in  its  tendency  to  crystallize.  When  antimony  is  melted  in  a  pot  and  suffered  to  cool 
on  its  surface,  and  the  fluid  part  then  cast  off,  a  mass  of  beautiful  crystals  remains  in  the  pot. 
Antimony  is  very  brittle.  It  may  be  pulverized  in  a  mortar.  It  is  silver-white,  and  with  a 
brilliant  lustre.  It  fuses  at  about  800°,  or  at  a  dull  red  heat,  and  volatile  at  white  heat.  Its 
specific  gravity  is  6- 7.  The  metal  in  its  pure  condition  is  not  in  use,  but  alloyed  with  other  metals 
is  much  employed.  The  only  useful  ore  of  antimony  is  its  sulphuret ;  no  other  kind  is  obtained  in 
sufficient  quantity  to  be  smelted. 

The  sulphuret  of  antimony  occurs  in  masses,  consisting  of  crystalline  needles,  which  are  closely 
united.  It  is  of  metallic  lustre,  of  a  grey  colour,  and  forms  a  grey  powder.  When  gently  heated, 
it  turns  black,  or  is  iridescent.  It  is  extremely  fusible,  and  melts  in  the  flame  of  a  candle  with  the 
exhalation  of  a  sulphureous  smell.  After  being  heated,  the  powder  is  very  black.  This  ore 
consists  of  72*86  metal  and  27 '14  sulphur.  Its  specific  gravity  is  4-1  to  4-6.  Sulphuret  of  anti- 
mony occurs  in  and  near  the  veins  of  sparry  iron-ore,  with  heavy  spar,  blende,  galena,  quartz,  and 
other  minerals.  Most  of  the  metal  in  market  is  obtained  from  Germany. 
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Alloys.  —  All  the  antimony  metal  of  commerce  may  be  considered  an  alloy.  It  is  never  pure,  but 
contains  iron  in  all  instances.  Antimony  and  tin,  melted  together  in  equal  parts,  form  a  moderately 
hard,  brittle,  but  very  brilliant  alloy,  which  is  not  soon  tarnished,  and  is  frequently  employed  for 
small  speculums  in  telescopes.  Of  all  the  metals,  antimony  combines  most  readily  with  potassium 
or  sodium.  These  alloys  are  obtained  by  smelting  the  carbonaceous  compounds  of  these  metals,  or 
their  oxides  mixed  with  carbon.  The  presence  of  otlu-r  metals,  such  as  copper  or  silver,  does  not 
diminish  the  affinity  of  these  metals  for  antimony.  The  alloy  thus  formed  of  the  alkaline  metals 
and  antimony  is  not  easily  evaporated  by  a  strong  heat.  Arsenic  and  antimony  combine  in  all 
proportions,  and  form,  unexpectedly,  a  tenacious  alloy,  which  is  very  fusible,  compact,  and  often  of 
a  granular  texture.  It  has  been  remarked,  in  speaking  of  the  alloys  of  iron,  that  this  metal  alloyed 
with  iron  causes  the  compound  to  be  extremely  hard.  Eighty  parts  of  lead  and  20  of  antimony 
form  type-metal  ;  to  this  commonly  5  or  6  parts  of  bismuth  are  added.  Tin  80  parts,  antimony  20, 
is  music-metal;  it  is  also  composed  of  62-8  tin,  8  antimony,  20  copper,  and  3'2  iron.  Plate-pc\vtcr 
also  contains  from  5  to  7  per  cent,  of  antimony  ;  89  tin,  7  antimony,  2  copper,  2  iron,  is  one  of  these 
compositions.  Britannia-metal  contains  frequently  an  equal  amount  of  antimony.  Queen's-metal 
is  75  tin,  8  antimony,  8  bismuth,  and  9  lead. 

Uses  of  Antimony.—  Besides  its  employment  in  medicine,  it  is  much  used  for  forming  alloys  ;  of 
these,  type-metal  and  anti-friction  metal—  which  is  type-metal  with  the  addition  of  copper  —  are 
those  most  used.  Crude  antimony  is  employed  for  purifying  gold. 

Manufacture.  —  The  smelting  of  this  metal  is  very  simple.  It  is  easily  revived  from  its  ore, 
which,  however,  is  attended  with  a  heavy  loss  of  metal.  The  crude  ore  is  picked  by  hand  ;  the 
pieces  are  broken  to  the  size  of  an  egg;  and,  by  means  of  a  hand-hammer,  the  gangue,  such  as 
quartz,  barytas,  or  carbonate  of  lime,  is  removed.  These  pieces  may  be  heated  in  an  earthenware 
pot,  in  the  bottom  of  which  there  is  a  small  aperture.  The  sulphuret  of  this  metal,  melting  at  a 
very  low  heat,  will  flow  out  from  the  gangue,  and  may  be  gathered  in  another  pot  set  below.  Tho 
operation  used  to  be  performed  in  this  manner  ;  but,  as  it  is  expensive,  the  ore  is  at  present  melted  in 
a  reverberatory  furnace,  similar  to  that  shown  in  Fig.  224,  the  hearth  of  which  is  very  concave,  and 
formed  of  sand.  In  the  centre  of  the 
hearth,  at  its  deepest  part,  there  is  a 
tap-hole  which  communicates  with  one 
of  the  long  sides  of  the  furnace.  The 
ore,  on  being  sorted,  is  spread  over  the 
hearth  of  the  furnace,  and  is  there 
melted.  The  tap-hole  ia  stopped  by 
dense  coal-dust  while  the  reduction  is 
going  on.  About  three-hundredweight 
of  ore  is  charged  at  once,  mixed  with 
iron-ore  or  hammer-slag,  and  heated, 
with  an  occasional  stirring.  Eight  or 
ten  hours  are  sufficient  to  finish  one 
heat,  after  which  the  metal  is  tapped, 
the  scoria  removed,  and  the  furnace  charged  anew. 

The  metal  thus  obtained  is  not  pure.    It  contains  iron,  sulphur,  arsenic,  lead,  and  coppc 
from  most  of  these  admixtures  it  may  be  freed  to  a  certain  extent,  but  not  entirely.    This  metal  i 
refined  by  remelting  it  in  crucibles,  arranged  on  the  hearth  of  a  reverberatory  furnace  similar  to 
the  one  shown  in  Fig.  225.    The  pots  contain  about  30  Ibs.  of  metal,  which  is  covered  with  con 
dust.    These  are  exposed  to  a  low,  ,,,. 

uniform  heat  for  some  hours.  Most 
of  the  metals  are  thus  oxidized,  and 
may  be  removed  after  emptying  the 
crucibles. 

The  smelting  operation  is  in 
some  instances  divided  into  two 
manipulations;  the  one,  or  first,  is 
a  process  of  liquefaction,  in  which 
the  crude  antimony  is  melted  in 
vertical  pipes,  and  thus  separated 
from  the  gangue,  which  remains  in 
the  retort  while  the  former  filtrates 
through  the  perforated  bottom. 

In  tins  operation  much  of  the 
antimony  is  lost.  A  part  of  it 

adheres  to  the  gangue,  which  in  pool  amounts  to  25  per  cent.,  and  is  never  less 
Part  of  the  crude  antimony  also  volatilizes,  which  increases  the  loss.    This  IOKS  is,  tin  T<  •!< 
important  object  where  the  ore  is  expensive  ;  and  it  may  be  in  most  cases  the  host  plan  tc 
and  wasli  it  while  crude,  free  from  the  rocky 


,  matter,  and  then  subject  it  to  reduction  by  d 

smelting.    The  specific  gravity  of  the  ore  is  sufficiently  great  to  remove  the  most  of  the  | 
Metallic  sulphurets  of  other  metals  than  antimony,  of  course,  remain  win  it.     HM  ffodi  m 
or  the  concentrated  ore-sand,  is  smelted  with  metallic  iron,  or  iron-ore:  and  since  i 
add  just  as  much  iron  as  is  required  to  absorb  all  the  sulphur,  and  as  too  much  unimrta 
metal,  the  practice  is  to  add  either  carbonate  or  sulphate  of  potash,  or  soda,  and  ftlM 
powder,  to  the  ore.    One  part  of  metallic  iron  to  2  or  2  •  5  parts  of  erode  antimony,  ooght  If 
the  sulphur;  but  when  no  other  flux  is  present,  about  20  percent,  of  antimony  remains  n 
By  using  42  parts  of  iron  to  100  of  crude  antimony,  with  50  carbonate  of  soda  an. 
the  whole  of  the  antimony  is  revived.     Instead  of  metallic  iron,  any  kind  of  pure  iron-ore  i 
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employed  with  more  charcoal;  but  its  metallic  contents  should  como  near  the  above-named 


nn"  the  crude  m.-tiil  of  antimony  in  erueiMes,  it  is  advantageous  to  soak  the  chare.  -s.l- 
imw.-r  with  whi.-li  tin-  metal  is  covcml,  in  a  strong  solution  of  carUmato  of  soda.     When  the 
metal  in  not  BufflViontly  pure  after  the  first  refining,  fiwopenliaB  is  repeated.    In  nil  the  operation! 
w  itli  tintiinnny,  a  hi-h'hcat  must  l>e  avoided,  for  the  nictal  as  well  as  the  sulphuret  is  very  volatile. 
A  tii.Ml.le  dag  increaaea  the  yield  of  the  ore. 

;       I  ....•;  GER.,  Amboss  ;  ITAL.,  Tucndinc  ;  SPAN.,  FiMptt, 

An  anvil  i»  »n  iron  block,  usually  with  a  steel  face,  upon  which  mewl  «ro  hammered  and 
shaped     The  ordinary  smith's  anvil,  Figs.  22G,  227,  is  ono  solid  mass  of  metal,—  iron  in  diaercut 


states;  C  is  the  core  or  body;  B,  B,  B,  four  comers  for  enlarging  the  base;  D,  Fig.  227,  the  pro- 
jivtinu'  end ;  it  contains  one  or  two  holes  for  the  reception  of  set  chisels  in  cutting  pieces  of  iron,  or 
ifi>r  the  reception  of  a  simper,  as  shown  at  E,  Fig.  226.  In  punching  flat  pieces  of  metal,  in  form- 
ing the  heads  of  nails  or  bolts,  and  in  numerous  other  cases,  these  holes  a,  a,  of  ordinary  anvils, 
are  not  only  useful  but  indispensable.  A  is  the  beak-horn,  which  is  used  for  turning  pieces  of 
iron  into  a  circular  or  curved  form,  welding  hoops,  and  for  other  similar  operations.  In  the 
smithery,  the  anvil  is  generally  seated  on  the  root-end  of  a  beech  or  oak  tree;  the  anvil  and 
\\c«xlen  block  must  be  firmly  connected,  to  render  the  blows  of  the  hammer  effective;  and  if  the 
1)1-  x-k  l>e  not  firmly  connected  to  the  earth,  the  blows  of  the  hammer  will  not  tell.  The  bot  anvils, 
anvil-stakes,  and  planishing-hainmers,  are  faced  with  double  shear-steel.  The .  steel-facings  arc 
shaped  and  laid  on  the  core  at  a  welding  heat,  and  the  anvil  completed  by  being  reheated  and 
hammered.  When  the  steel-facing  is  first  applied,  it  is  less  heated  than  the  core.  But  the  proper 
hardening  of  the  face  of  the  anvil  requires  great  skill;  the  face  must  be  raised  to  a  full  red-heat, 
and  placed  under  a  descending  column  of  water,  so  that  the  surface  of  the  face  may  continue  in 
contact  with  the  successive  supply  of  the  quenching  fluid,  which  at  the  face  retains  the  wimo 
temperature,  as  it  is  rapidly  supplied.  The  rapidity  of  the  flow  of  water  may  be  increased  by 
giving  a  sutticient  height  to  its  descending  column;  it  is  important  that  the  cooling  stream  should 
fall  perpendicularly  to  the  face  which  is  being  hardened.  Heat  may  escape  parallel  to  the  face, 
but  not  in  the  direction  of  the  falling  water.  The  operator,  during  this  hardening  process,  M 
protected  from  spray  and  smoke  by  a  suitable  cover ;  and  by  confining  the  falling  water  to  a 
tube  which  must  contain  the  required  volume.  When  an  anvil  is  to  be  used  for  planishing  metals, 
it  is  polished  with  emery  and  crocus  powders.  The  skilful  manner  in  which  Henry  Walker,  of 
!;••!  I.i"H  Str.rt.  ClerkcmvelL,  combines  and  carries  out  these  apparently  simple  operations,  in 
making  anvils  and  planishing-hammers  for  silversmiths  and  metal-workers,  gives  him  the  reputa- 
tion he  so  well  deserves ; — to  describe  a  process  is  one  thing,  but  the  execution  requires  practice  as 
well  as  skill.  See  FILLERS.  SHAPERS.  STEAM-HAMMER.  UPSETTING-BLOCK. 

APERTURE.     FR.,  Overture ;  GER.,  0/nung  ;  ITAL.,  Apertu.ro. ;  SPAN.,  Abertura. 

In  building,  the  term  aperture  is  usually  applied  to  doorways,  windows,  and  other  openings 
through  the  walls:  the  sides  of  a  rectangular  aperture  are  named  "jambs;"  the  upper  part,  the 
u  head ; "  and  the  bottom  part,  the  "  sill." 

APPROACHES.  Fa.,  Approches ;  GEB.,  Zujanj,  Laufgraben ;  ITAL.,  Approcci ;  SPAN.,  Aproches, 
Ataqvex. 

Works  thrown  up  by  besiegers,  to  protect  them  in  their  advances  towards  a  fortress,  are  termed 
approaches.  See  FORTIFICATION.  This  term  is  also  applied  to  those  parts  of  a  road  which  are 
raised  to  suit  the  level  of  a  bridge  over  a  railway  or  canal. 

APRON,  IN  SHIPBUILDING.  FB.,  L'peron,  Contre  tfrave ;  GEB.,  Binnenvorsteven,  Ueberlauf ; 
SPAN*.  Al'iitana  de  proa,  6  contraestrabe. 

The  apron,  also  termed  stomach-piece,  is  a  strengthening  compass-timber,  which  is  bolted 
behind  the  lower  part  of  the  stem,  and  immediately  above  the  foremost  end  of  the  keel. 

APRON.     FB.,  Radier ;  GEB.,  Platform,  Schleussen  bctt ;  SPAN.,  Zampeado. 

In  engineering  structures  an  apron  is  a  platform  of  wood,  stone,  or  brick,  placed  at  the  base  of 
the  structure,  to  protect  it  from  abrasion  or  heavy  shocks.  The  platform  which  receives  the  water 
falling  through  the  sluices  of  a  lock-gate  or  embankment  is  called  an  apron ;  the  planking  or 
platform  placed  at  the  toe  of  a  sea-wall,  to  protect  its  base  from  the  scour  occasional  by  the 
returning  wave,  ia  also  termed  an  apron. 

An  apron  in  carpentry  is  the  horizontal  piece  of  timber  which  takes  the  carriage-piece,  or  rough 
string,  of  a  staircase ;  and  also  the  ends  of  the  joists  which  form  the  half-space  or  landings.  It 
should  l*e  firmly  wedged  at  both  ends  into  the  wall. 

In  plumbers'  work,  the  apron  is  the  lead  sheeting  or  flashing  dressed  on  to  the  slates  in  front 
of  dormer-windows  or  skylights. 


AQUEDUCT. 


113 


229. 


El 

dm 

"'"'•'""••     j 
boven  A.P. 

RIJKS 

PEILSCHAAL. 
boven  A.P. 


APRON -LINING.     FB.,  Centre-Strove ;  GEB,  Binnenvorsteven  ;  ITAL.,  Fascia;  SPAN..  Tracesera 
para  sostener  los  largueros  de  una  escalera. 

Apron-lining,  as  this  term  implies,  is  a  lining  placed  outside  the  apron.     It  is  applied  by  the 
joiner  to  the  piece  of  wrought  boarding  which  covers  the  rough  apron-piece  of  the  staircase 

APRON-PIECE.  FB.,  Contre-ftrave , 
GEK.,  Binnenvorsteven. 

See  APRON,  in  Building. 

A.  P.  FB.,  Niveau  a" Amsterdam ;  GEB., 
Amsterdammer  Pegel. 

The  letters  A.  P.  are  the  initial  letters 
of  two  Dutch  words,  Amsterdainsch  Peil, 
meaning  Amsterdam  Level,  and  indicate 
the  Datum  Line,  or  mean  level,  from  which 
all  surveys  are  made  in  Holland,  Belgium, 
and  in  the  Northern  parts  of  Germany. 

The  A.  P.  is  an  imaginary  plane,  drawn  through  the  average  high- 
water  mark  of  the  North  and  Zuiderzeen  Seas  on  the  Dutch  coasts,  and 
derives  its  name  from  the- circumstance  of  its  having  been  adopted  at 
Amsterdam  from  the  year  1670. 

It  was  carefully  revised  during  the  present  century,  under  the  direction 
of  the  Dutch  Government ,  and  in  consequence  of  this  careful  revision,  is 
the  most  accurately  fixed  sea-level. 

Figs.  228,  229,  show  the  marks  which  are  placed  in  various  parts 
of  Holland,  to  indicate  the  height  above  or  below  A.  P.  See  DATUM 
LINE. 

AQUEDUCT.  FB.,  Aqueduc ,  GEB.,  Wasserleitung ;  ITAL.,  Acquedotto ; 
SPAN.,  Acueducto. 

A  conductor,  conduit,  or  artificial  channel  for  conveying  water,  is  termed 
an  aqueduct. 

The  Aqueduct  of  the  Loch  Katrine  Waterworks. — The  description  of  this 
aqueduct  is  taken  from  a  paper  by  James  M.  Gale,  published  in  the  '  Pro- 
ceedings of  the  Institution  of  Mechanical  Epgineers,  1864.'  The  length  of 
this  aqueduct  is  about  34  miles.  The  built  and  tunnelled  part  of  the  aque- 
duct is  22  miles  long,  and  8  ft.  high  by  8  ft.  broad ;  sections  of  it  are  shown  in 
Figs.  230,  231,  232.  It  has  an  inclination  of  1  in  6336,  as  shown  in  longi- 
tudinal section,  Fig.  233,  and  is  capable  of  passing  fifty  million  cubic  gallons  a-day.  The  valleys 
of  Duchray,  Endrick,  and  Blane,  e  f  h,  Fig.  233,  which  are  crossed  by  the  line  of  aqueduct,  and 
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prevent  a  uniform  inclination  being  obtained  throughout,  make  up  an  aggregate  length  of  3  j  miles, 
and  are  passed  by  cast-iron  siphon-pipes  48  inches  in  diameter,  with  a  mean  fall  of  1  in  1000 
between  their  extremities.  These  pipes  deliver  about  twenty  million  gallons  a-day,  and  provision 
was  made  for  laying  two  additional  lines  of  pipes,  at  bridges  and  other  places  where  masonry  was 
required,  in  order  to  increase  the  supply  of  water  to  the  city  when  necessary.  The  first  work  upon 
the  line  of  aqueduct,  upon  leaving  Loch  Katrine,  is  a  tunnel  through  the  ridge  which  separates  the 
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Reference. — a,  River  Clyde.  6,  Glasgow,  c,  Mugdork  Reservoir  and 
Straining  -  well,  d,  Mugdock  Tunnel,  e,  Blane  Valley.  /,  Endrick 
Valley,  g,  Drummore  Tunnel,  h,  Duchray  Valley,  i,  Loch  Katrine 
Tunnel,  k,  Loch  Katrine. 

valley  of  Loch  Katrine  from  that  of  Loch  Ard.  The  length  of  the  tunnel  is  upwards  of  1  ' 
and  is  at  a  depth  of  more  than  500  feet  below  the  top  of  the  hill.  Twelve  shafts  were  sunk  on  the 
line  of  tunnel,  to  facilitate  the  work,  five  of  them  being  about  450  feet  deep.  The  rock  passod  through 
by  this  tunnel,  and  by  the  greater  pnrt  of  the  first  ten  miles  of  the  aqueduct,  which  in  principally 
a  series  of  tunnels,  is  mica  slate,  of  the  hardest  description.  Along  the  margin  of  I.ooh  Chnn,  the 
work,  at  some  of  the  faces,  did  not  progress  more  than  three  lineal  yards  in  a  month,  although  it  was 
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curried  on  niiiht  an.l  day.    The  minor  ravines  in  the  fir>t  t.-n  milesof  the  aqueduct  are  crossed  by 

M(iumltirt-l>riagM  of  if"'-     l^-i'l'"1  "  numlxT  of  mnullcr  ones,  there  are  five  cxtrii.-i\<>  aqueduct* 

,-:»  of  tlihTkind.  ..it.'  of  « liu-li,  near  Culgarton,  is  shown  in  Figs.  234,  235,  230.   It  consists  of  a 


wrou!*ht-iron  tube  I,  8  ft.  broad,  and  6  5  ft.  high  inside,  extending  over  the  greater  part  of  tho 
rnviiif*,  supported  at  intervals  of  50  ft.  by  stone  piers;  and  a  cast-iron  trough,  J,  also  8  ft.  broad, 
and  6*5  ft.  high,  supported  on  a  dry  stone-rubble  embankment  at  either  end  of  the  wrought- 
in>n  tube  I,  extending  over  the  remaining  part  of  the  valleys,  where  the  ground  is  not 
much  depressed.  Tho  w>ttom  and  sides  of  the  wrought-iron  tube  1-nre  J  in.  thiek,  and  the  top 
^  in.  thick,  the  whole  being  strengthened  by  angle  and  T  iron.  The  plates  of  tho  cast-iron  trough 
are  }  in.  thick,  the  dimensions  of  the  largest  being  4  5  ft.  by  4  ft. :  and  they  are  connected  and 
strengthened  by  flanges,  with  rust-joints.  The  level  of  the  tube  I  is  about  3  ft.  lower  than  that  of 
the  cast-iron  trough  J  J  nt  each  end,  so  as  to  ensure  the  tube  being  always  completely  filled  with 
water,  in  order  that  the  top  of  the  tube  may  be  kept  at  the  same  temperature  as  the  sides,  and  that 
tin-  tube  may  not  be  racked  by  the  strain  which  would  arise  from  the  top  plates  becoming  heated  by 
the  sun,  if  the  water  were  not  in  contact  with  them.  That  the  tube  may  be  emptied  at  any  tune,  for 
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painting  or  other  purposes,  a  discharge-valve,  K,  Figs.  236, 238,  is  provided  at  one  end  of  the  tube, 
by  which  the  water  can  be  run  off  into  the  valley  beneath.     The  junction  between  the  wrought- 
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iron  tube  and  the  cast-iron  trough  is  shown  in  Figs.  238,  239,  and  in  detail  in  Figs.  240,  241.°  It 
is  made  by  bolting  the  cast-iron  trough  to  a  cast-iron  bed-plate,  L,  Figs.  237,  238,  and  to  upright 


cast-iron  standards,  M  M,  Figs.  239,  241,  at  each  side.  The  wrought-iron  tube  rests  upon  a  bolster 
of  vulcanized  india-rubber,  placed  in  a  groove  in  the  bed-plate  L,  and  projecting  sufficiently  above 
the  surface  of  the  plate  to  allow  for  the  requisite  compression  on  the  india-rubber  for  making  a 
water-tight  joint  by  the  weight  of  the  tube  bearing  on  it,  without  allowing  the  tube  to  come  down 
to  a  bearing  upon  the  bed-plate  L  itself.  A  similar  india-rubber  bolster  is  carried  up  each  side  of 
the  tube,  and  compressed  against  it  by  oak  wedges,  the  bolster  and  wedges  being  contained  in  a 
recess  in  the  upright  standards  M  M,  as  shown  in  Figs.  239,  241.  This  arrangement  leaves  the 
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wrought-iron  tube  free  to  contract  and  expand  longitudinally  under  change  of  temperature,  without 
risk  of  leakage.  The  heads  of  all  the  rivets  are  countersunk  for  a  short  distance  on  each  side  of 
the  bearing  parts  of  the  tube.  The  india-rubber  bolsters  are,  both  at  the  bottom  and  sides  of  the 
tube.  2  in.  in  diameter.  They  are  in  separate  pieces ;  the  bolster  under  the  bottom  extending 


from  the  wedge-box  M  on  one  side,  to  the  back  of  the  wedge-box  on  the  opposite  side.  The  joints 
of  the  bolsters  at  the  bottom  corners  are  made  by  butting  the  bottom  ends  of  the  vertical  bolsters 
upon  the  top  of  the  transverse  bottom  bolster,  the  bottom  ends  of  the  vertical  bolsters  being  slightly 
rounded  out  to  fit  the  curvature  of  the  bottom  bolster.  The  side  wedges  axe  driven  down  tight  on 


the  ends  of  the  bottom  bolster.  There  are  three  oak  wedges  in  each  wedge-box,  M,  Fig.  241,  with 
an  oak  feather,  or  tongue,  let  in  to  break  the  joints  between  the  wedges,  and  to  guide  the  centre 
wedge  while  being  driven  down.  A  flat  strip  of  india-rubber,  I,  is  placed  between  the  back  of  the 
wedge-box  and  the  outermost  wedge.  The  wedges  were  carefully  fitted  before  the  feather-grooves 
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were  made,  aud  were  put  in  with  thick  wet  paint  in  the  joints:  the  centre  wedge  wns  thru  <lri\.  n 
down  to  tighten  up  the  india-rubber  bolster  against  the  side  of  the  tube,  and  the  upases  i«n  <  ithort»i<lo 
of  the  wedges  in  the  standards  M  were  filled  with  oakum  and  white-lead.  The  above  construction 
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of  the  Iron  nnnMuot-bridpes  wn.s  th.-  m.«t  applicable  in  tho  first  portion  of  tho  aqueduct,  as 
no  Rood  biiiMiii"-.t..ii,-  <-,.iiM  !•«•  «>Mnined  within  reasonable  dMHIOB,  imd  the  roftdl  were  badly 
•uit.il  for  the  earriH-e  ..f  materials.  Fn.ni  tin-  dovtntfa  mile  t.)  the  reservoir  at  Mugdock,  how- 
ever good  tiutldiiiK-tftnno  was  abundant,  und  nil  the  aqueduct-bridge*  in  thai  district  arc  therefore 
of  italic  One  of  these  is  shown  in  Ki>r.  -I-.  in  •  Ignition,  und  longitudinal  .section  in  plan,  Fig.  248 ; 
•ml  Fig*.  244  245,  show  transverse  sections  of  the  same.  There  are,  in  all,  twenty-five  important 
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iron  and  stone  bridges,  some  of  them  of  considerable  magnitude;  and  about  eighty  distinct  tunnels, 
varying  in  length  from  1£  mile  downwards,  and  forming  a  total  length  of  thirteen  miles.  Where  the 
aqiK  duct  was  formed  in  open  cutting,  the  ground  was  filled  in  and  the  surface  restored,  as  shown 
in  Fig.  232.  At  the  cast-iron  troughs  of  the  iron  aqueduct-bridges,  and  at  the  other  bridges,  the 
waterway  is  covered  with  planking,  as  shown  in  the  sections  of  the  Blairgar  aqueduct-bridge,  Figs. 
244.  245,  to  prevent  snow  from  choking  the  aqueduct.  Grooves  to  receive  stop-planks  are  cut 
in  the  masonry  of  the  aqueduct  at  intervals,  and  most  of  the  bridges  ore  provided  with  overflow 
and  discharge  sluices.  The  latter  are  similar  in  construction  to  the  outlet  sluices  of  the  locks,  but 
of  smaller  dimensions.  The  three  valleys  of  the  Duchray,  Endrick,  and  Blane,  which  are  of  great 
width  and  depth,  the  second  being  more  than  three  miles  wide,  are  passed  by  means  of  the  48-in. 
oast-iron  siphon-pipes,  carried  down  one  side  of  the  valley  to  the  bottom,  and  up  the  opposite  side. 
These  pipes  have  the  ordinary  spigot  and  socket  joints ;  a  section  of  which  is  shown  in  Fig.  246,  the 
joint  being  made  with  lead,  N,  and  yarn,  O.  Some  depressions  on  the  line  of  these  siphon-pipes 
are  crossed  by  flanged  pipes,  supported  upon  stone  piers,  18  ft.  apart,  as  shown  in  Fig.  247,  the  joint 
being  made  by  a  ring  of  vulcanized  india-rubber,  P,  as  shown  i.i  section  Fig  248.  In  the  Endrick 
valley,  two  public  roads,  and  the  Forth  and  Clyde  Railway,  are  crossed  by  these  flanged  pipes;  and 
to  support  the  pipes  over  these  greater  spans,  cast-iron  brackets  are  put  in,  abutting  on  the  stone 
piers  which  are  thickened  to  receive  them.  The  pipes  are  further  strengthened  at  these  places  by 
projecting  webs  cast  on  them,  as  shown  by  the  enlarged  transverse  section  of  the  pipe.  Fig.  237.  It 
was  found  that  the  expansion  and  contraction  of  these  long  lengths  of  flange-jointed  pipes  under 
chnn^es  of  temperature  injuriously  affected  the  socket  and  spigot  lead  joints  at  each  end ;  and  to 
obviate  this,  a  felt  covering,  ibout  $  in.  thick,  was  laid  on  all  round  the  pipes,  and  protected  from 
the  weather  by  a  tarpaulin  cover,  laced  tightly  over  the  whole.  This  has  the  effect  of  almost 
entirely  obviating  the  inconvenience  that  arose  from  the  expansion  and  contraction. 

The  service  reservoir  of  Mugdock,  Fig.  233,  has  a  water-surface  of  60  acres,  and  is  50  feet 
deep,  the  top  water-level  being  312  feet  above  the  level  of  the  sea.  It  contains  548,000,000  gallons 
when  full,  equal  to  a  supply  for  twenty-nine  days  at  the  present  rate  of  consumption ;  and  thua 
admits  of  repairs  being  made  upon  the  line  of  aqueduct  without  interrupting  the  supply  to  tho 
city.  The  reservoir  is  entirely  artificial,  being  formed  by  two  earthen  embankments,  400  yards  and 
240  yards  long  respectively.  The  water  is  first  received  from  the  aqueduct  into  a  basin  at  the 
upper  end  of  the  reservoir,  from  which  it  flows  over  four  cast-iron  gauge-plates,  10  feet  long  each, 
brought  to  a  thin  edge,  into  an  upper  pool  or  compartment  of  the  reservoir  having  an  area  of  about 
2  acres.  .  The  depth  of  water  passing  over  the  gauge-plates  is  regularly  gauged,  the  delivery  from 
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the  aqueduct  thereby  computed,  and  tho  quantity  of  water  passing  every  day  into  Glasgow  is  thus 
known.  From  the  upper  pool  the  water  passes  into  tin-  main  reservoir  ovi-r  .similar  cast-iron  gauge- 
platett.  The  water  i*  drawn  from  the  reservoir  by  pipes  laid  in  a  tunnel  cut  through  tho  rock  in 
the  solid,  at  the  riid  of  tht-  nmin  t-mlmnkmcnt,  no  pipes  being  laid  through  the  embankments 
thfiunflvea.  At  tho  end  of  tho  tumid  next  the  reservoir  there  is  a  stand-pipe  with  valves  at 
different  height*,  which  admit  of  water  l>cing  drawn  off  at  various  levels.  The  water  passes  down 
the  stand-pipe  and  along  a  48-inch  pi]>e  in  the  tunnel  for  a  distance  of  about  50  yards  to  a  circular 
•training-well  out  in  the  rock.  Water  can  also  bo  drawn  direct  from  tho  aqueduct  or  from  the 
upper  comjiortment  of  the  reservoir  into  tho  pipes  leading  to  the  city,  with6ut  passing  through 
tho  reservoir,  by  means  of  a  lino  of  48-inch  pipes  laid  through  the  bottom  of  the  reservoir  from  thu 
•toad-pipe  back  to  the  nj'].<  r  t  ml  of  the  reservoir  where  the  aqueduct  enters. 


The  straining-well  is  shown  in  vertical  section  in  Figs.  249,  251 ;  and  Fig.  250  is  a  sectional 
plan.  The  well  is  40  feet  diameter  and  63  feet  deep,  cut  out  of  the  solid  rock.  Within  the 
straining-well,  and  forming  an  inner  chamber  of  octagonal  shape,  25  feet  diameter,  a  series  of 
oak  frames  Q  Q,  Fig.  249,  is  placed,  covered  with  copper-wire  cloth  of  40  meshes  to  the  inch ; 
these  are  held  in  the  light  cast-iron  pillars  R,  which  have  grooves  cast  in  them  to  receive 
the  frames.  These  wire-cloth  strainers  occupy  only  the  lower  part  of  the  well,  the  space  above 
being  filled  in  with  wood  planking  S  8,  up  to  the  top  water-level  of  the  reservoir.  The  water 
passes  from  the  outside  through  the  wire-cloth  strainers  into  the  inner  chamber,  and  is  taken  off 
thence  to  the  city  by  two  lines  of  cast-iron  pipes  42  inches  diameter,  as  shown  by  the  arrows. 
The  water  undergoes  no  filtration,  but  in  passing  through  these  copper-wire  strainers,  any  straws, 
or  other  floating  matters,  are  separated  from  it. 

The  pipes  in  the  bottom  of  the  straining-well  are  provided  with  junctions  and  stop-valves,  as 
seen  in  the  plan.  Fig.  250,  so  as  to  admit  of  the  snpply  being  drawn  direct  from  the  reservoir, 
while  the  strainers  are  being  cleaned :  which  latter  is  done  by  emptying  the  well,  and  throwing  a 
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jet  of  water  upon  the  strainers  from  the  inside  outwards,  by  a  leather  hose  with  the  head  pressure  of 
tho  reservoir,  the  foul  water  l*iing  carried  ofl'  by  a  tunnel  through  tlio  rock.  The  frames  QQ 
aurrviii£  the  ctraim  -rs  can  also  be  raised  to  the  top  of  the  well  and  taken  out  for  repairs,  by  l>c  in^ 
drawn  up  throiu-h  the  groove*  in  tho  cast-iron  pillars  1{,  in  which  they  are  fitted.  The  tup  <>f  the 
Btniiiiiiu'-\M  11  i*  r.-«>i'i'd  in  and  partly  covered  with  glass,  as  a  protection  to  the  working 


of  the  stop-valves.  These  valves  are  each  divided  into  t\\<>  halves,  affording  together  a  waterway 
of  tho  full  dhiineter  of  the  l'_'-inch  piju-s.  Kaoli  half  of  tho  valve  is  opened  and  shut  by  an  iron 
r-1.  PIISMIIS*  up  through  n  rant-iron  pipe,  and  terminating  at  ft  convenient  height  above  the  water- 
lev  el  ni  a  li>m;  Imi.-v-i  nut.  into  whieh  works  a  stationary  iron  screw,  turned  by  a  crank  and  bevel- 
1  lie  tv\n  lines  of  CJ-ineh  pipes  laid  in  the  tunnel,  leading  off  from  the  ^mining-well,  will 
r  the  whole  50,000.000  gallons  a-<lay  ;  but  on  emerging  from  the  tunnel,  which  is  1  10  yards 
long,  they  are  diminished  to  'M  inches  diameter,  and  provision  is  made  for  additional  pipes  being 
laid  vv  heii  required.  At  the  point  where  the  pipes  are  reduced  to  SO  inches  diameter,  a  self-act  in^ 
t'ln.ttl.  -\iil\e  is  fixed  on  each  line  of  pipes,  the  object  of  which  is  to  shut  off  the  water  coming 
from  the  reservoir  in  the  event  of  one  of  the  pipes  bursting,  or  any  other  accident  occurring  whereby 
the  Telocity  of  the  wafer  in  the  pipe  is  increased  beyond  that  to  which  the  valves  are  adjusted. 

At  intervals  along  the  line  of  the  mains  to  Glasgow  and  at  several  points  in  the  city,  stop-valves 
•re  fixed  in  the  large  pipes,  one  of  which,  for  a  36-in.  pipe,  is  shown  in  Figs.  252,  253,  254.  To  admit 
of  these  valves  being  easily  closed  or  opened,  the  slide  is  divided  into  two  compartments,  T  and  U, 
one  being  considerably  smaller  than  the  other.  The  smaller  slide,  T,  is  the  first  opened,  and  tho 
passage  of  the  water  through  this  opening  so  much  reduces  the  pressure  upon  the  larger  slide  U, 
that  it  can  be  opened  with  ease  ;  the  valve  is  thus  easily  worked  by  one  man.  To  economize  space, 
which  is  an  object  where  large  valves  have  to  be  placed  in  public  streets,  the  total  effective  area  of 
the  valve  has  been  reduced,  in  the  case  of  these  36-inch  valves,  from  7  sq.  ft.,  the  area  of  the  pipe,  to 
41  sq.  ft.  ;  the  smaller  slide,  T,  having  an  area  of  1  sq.  ft.,  and  the  larger,  U,  an  area  of  3J  sq.  ft. 
To  pass  this  contraction  with  the  velocity  that  the  water  in  the  pipes  will  have  when  the  discharge 
is  greatest,  the  loss  of  head  will  be  from  4  to  6  inches  ;  but  this  loss  is  more  than  compensated  for 
by  the  economy  of  the  valve  and  the  reduction  in  the  dimensions  of  all  the  parts. 

The  Washington  aqueduct,  constructed  for  the  purpose  of  supplying  to  Georgetown  and 
Washington,  U.S.,  water  from  the  river  Potomac,  at  a  point  eleven  miles  above  the  last-mentioned 
city,  consists  for  the  greater  part  of  its  length  of  a  masonry  conduit,  9  feet  in  internal  diameter. 
The  fall  of  this  conduit  averages  9  in.  per  mile,  its  length  being  Il-fa  miles.  The  total  length 
of  the  aqueduct  is  16^  miles,  and  it  is  capable  of  supplying  to  the  town  reservoir  100,000,000 
gallons  a-day.  In  carrying  out  this  work,  all  unnecessary  expenditure  has  been  avoided  by 
constructing  its  parts  in  as  simple  a  manner  as  possible;  thus  the  various  water-gates  and 
pipe-vaults  have,  in  most  cases,  been  arranged  within  the  masonry  embankments;  and  thus, 
whilst  most  of  the  fittings  are  out  of  the  reach  of  frost,  much  of  the  expense,  which  would  have 
been  incurred  by  the  erection  of  gate-houses,  and  so  on,  above  ground,  has  been  saved.  The 
aqueduct-bridge  over  Cabin  John  Creek,  on  the  line  of  the  conduit,  from  the  source  of  supply 
to  the  receiving  reservoir,  is  shown  in  Figs.  255,  25G,  257.  It  is  a  stone-arched  bridge,  its 
clear  span  is  220  ft.  The  arch  is  an  arc  of  a  circle  of  134  '2852  ft.  radius,  and  its  rise  is 
57  -2624  ft.  Fig.  255  is  a  side  elevation;  Fig.  256,  longitudinal  section;  Fig.  257,  sectional 
plan  ;  Fig.  258,  transverse  section  through  the  eastern  abutment,  taken  through  the  springing  of 
the  arch;  and  Fig.  250,  a  trans- 
verse section  through  the  crown  of 
the  arch.  The  radius  of  the  extrados 
is  143-2695  ft.,  the  depth  of  the 
wnusoirs  being  6  ft.  2  in.  at  the 
springing^,  and  4  ft.  2  in.  at  the 
crown.  Outside  the  voussoirs  is 
another  series  of  arched  stones, 
which  make  up  the  total  thickness 
of  arch  at  the  springings  to  20  ft., 
this  thickness  diminishing  towards 
the  crown.  The  width  of  the  bridge 
on  the  face  of  the  arch  is  20  ft.  4  in. 
The  abutments  are  formed  by  the 
solid  rock  on  each  side  of  the  creek  ; 

the  face  of  this  rock  being  stepped  down,  as  shown  in  Fig.  256,  and  the 
steps  filled  in  with  concrete,  on  which  the  footings  of  the  arch  bed.  The 
channel  through  which  the  water  is  conveyed  consists  of  a  conduit  of 
circular  section,  9  ft.  diameter  inside  and  9  in.  thick,  this  conduit  being 
imbedded  in  the  masonry  of  the  bridge.  The  haunches  and  abutments  of 
the  bridge  are  lightened  by  relieving  arches,  of  which  there  are  five  on  the 
western  and  four  on  the  eastern  side,  extending  through  half  the  thickness  of  the  bridge.  The 
centering  on  which  the  arch  was  constructed  was  supported  upon  temporary  piers,  formed  in 
the  bed  of  the  creek,  as  shown  in  Fig.  256  ;  the  vertical  timbers  bearing  upon  these  piers,  and  the 
bracing  connecting  them,  carrying  a  series  of  struts  radiating  to  the  lines  of  timbers  beneath  the 
lagging-boards.  The  key-stone  was  inserted  in  mid-winter,  and  the  centre  was  not  struck  until 
some  ten  or  twelve  months  later.  The  rise  of  temperature  lifted  at  times  the  arch  of  the 
centering:  but  when  the  hitter  was  removed,  careful  observations  were  made  without  any 
settlement  being  noticed. 

Works  and  Reports  on  Aqueducts:  —  Tower's  (F.  B.)  'Croton  Aqueduct,'  royal  4to,  New  York, 
1843.  Fontenay  (T.),  '  Construction  des  Viaducs,  Fonts,  &c.,  2  vols.  8vo,  and  '  Atlas,'  in  4to,  1852. 
Cautley  (Sir  P.  T.),  'Beport  on  the  Ganges  Canal  Works,'  2  Tola.  8vo,  1  vol.  4to,  and  Plates  in 
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folio,  1860.  Becker,  'Der  Wasserbau  in  seinem  ganzen  Umfange,'  1861.  Birot  (F.),  'Guide 
pratique  du  Conducteur  des  Fonts,'  &c.,  2  vols.,  12mo,  Paris,  1862.  Hagen,  'Handbuch  der 
Wasserbau  Kunst,'  1863.  'On  the  Loch  Katrine  Waterworks,'  by  Jas.  M.  Gale:  Proceedings 
Inst.  M.  E.,  1864.  Moncrieff  (C.  C.  Scott),  '  Irrigation  in  Southern  Europe,'  8vo,  1868. 

See  also:— Belidor,  'Architecture  Hydraulique.'  Delaistre,  ' Encyclopedee  de  1'Ingenieur. 
Minard, '  Cours  de  Construction.'  '  Life  of  Telford,'  4to  and  fol.  Sganzin, '  Coure  de  Construction.' 

ARCH.     FR.,  Arche,  cintre ;  GER.,  Boijen,  GewSlbe ;    ITAL.,  Arco ;  SPAN.,  Arm. 

An  arch  is  a  form  of  structure  in  which  the  vertical  forces  due  to  the  weight  of  the  materials  of 
which  it  is  composed  are  transmitted  to  the  supports  or  abutments  in  a  polygonal  line,  usually 
termed  the  "  curve  of  equilibrium,"  from  the  fact  that  it  becomes  a  curve  when  the  arch-stones  are 
infinitely  numerous. 

Arches  are  named  from  the  curve  or  outline  of  the  under-surface  presented  by  a  section  taken 
at  ri°-ht  angles  to  the  axis.  Thus,  an  arch  whose  outline  is  a  semicircle  is  called  a  "  semicircular 
arch/'  and^one  formed  to  an  elliptical  curve  is  called  an  "  elliptical  arch."  Figs.  260  to  273  show 
the  forms  of  arches  usually  constructed. 


262. 


Semicircular  Arch. 
263. 


Segmental  Arch 
264. 


Elliptical  Arch. 
265. 


Three-Centre  Arch. 
266. 

777H1 


Straight  Arch. 


Cambered  Arch. 


Groined  Arch. 


Where  two  arches  intersect,  they  are  called  "  groined  arches/ 

269. 


270. 


Fluing  Arch. 
Where  the  opening  at  one  end  is  less  than  at  the  other,  as  in  Fig.  269,  the  arch  is  rnll.-l  a 

"  fl  Thf  terms'  "  gauged  "  and  "  axed  "  are  applied  to  brick  arches  when  the  bricks  are  gnn^l  -r 
X(  Where  the' axis  of  an  arch  is  oblique  to  the  face,  it  is  called  a  "  skew  arch." 


271. 


TnmmerArch.  Relieving  Arch. 

Arches  are  also  named  from  the  use  to  which  they  are  applied,  as  "  trimmer  arch,    i 


built  under  the  hearths  of  fire-places,  Fig.  271. 
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-  K.  li.  vni^  arch."  when  placed  over  a  lintel  or  bressuminer  to  relieve  it  of  the  weight  of  the 
witll  above.  Fa-  -JT'J 

••  Inverted  arch,"  when  placed  under  un  opening  or  space  to  distribute  the  pressure  of  the  walls 
over  a  moro  extended  area,  Fi^.  '-'7.'!. 

The  parto  of  au  arch  are  named  us  follows  • — 


274. 


275. 


Extrailos. — The  outer  surface  or  hack. 

Intrados. — The  iuuer  surface  or  •'  sollit." 

Crown. — The  upper  part  between  the  i-xtrados  and  intrados. 

Haunches. — The  flanks  or  sides  between  the  springing  and  crown. 

KoMjjoirs. — The  stones  or  blocks,  a  a,  Fig.  27-1-,  of  which  the  arch  is  formed. 

Key-stone. — The  highest  or  middle  voussoir  in  the  crown,  as  6,  Fig.  274. 

Summering  Lines. — The   radiating   lines  corresponding  to  the  direction    of  the  bed-joints  of  the 

voussoirs. 
Sprinjinj. — The  level  or  point  of  the  intrados  at  which  the*  arch 

joins  the  piers. 
Spandril. — The  part  between  two  arches  springing  from  the  same 

pier,  or  between  the  back  ot  mi  arch  and  a  j*rpen- 

dicular  line  erected  from  the  point  where  the  extrudos 

commences  at  the  springing. 

Span. — The  width  between  the  piers  at  the  springing  line. 
Rise. — The  vertical  distance  between  the  crown  and  springing. 
Skewback. — The  part  of  the  pier  on  which  a  segmental  arch  rests,  or 

from  which  it  springs,  as  a,  in  Fig.  275;   the  lower 

bed  being  horizontal,  to  correspond  with  the  joints  of  the  pier,  and   the  upper  bed 

inclined  towards  the  centre  of  the  arch  to  correspond  with  that  of  the  voussoirs. 

An  arch  derives  its  strength  from  the  fact  that,  if  the  ends  are  prevented  from  spreading,  its 
curve  cannot  be  shortened  except  by  the  crushing  of  the  materials.  Hence  it  is  obvious  that  there 
are  <tro  conditions  at  least  which  are  essential  to  the  stability  of  an  arch — immobility  of  the  sup- 
ports, and  sufficient  strength  in  the  materials  to  resist  crushing.  Another  condition  of  equal 
importance  ia,  that  the  arch  should  have  sufficient  thickness  to  contain  its  curve  of  equilibrium — 
when  all  these  conditions  are  fulfilled,  the  arch  is  said  to  be  stable. 

No  writer  has  propounded  a  theory  by  which  the  proper  thickness  of  an  arch  at  the  crown  can 
be  obtained  so  as  to  be  of  any  use  in  practice.  The  question  involves  the  depth  required  for 
equilibrium,  aa  well  as  to  resist  crushing.  English  engineers,  for  the  most  part,  adopt  an  empirical 
formula,  due  to  J.  T.  Hurst,  '  Buflding  News,'  Feb.  27,  1857,  and  given  in  Raukine's  work  on 
'  Civil  Engineering,'  but  in  a  slightly  modified  form. 

If  D  =  the  depth  or  thickness  of  the  arch  at  the  crown,  R  =  the  radius  of  curvature,  and  0  = 
a  constant  depending  on  the  nature  of  the  material,  we  have 

D  =  c  VR. 

For  Block-stone  ..  ..  C  =  0-3. 
„  Brickwork  in  mortar  ,,=0'4. 
„  Rubble-stone  in  mortar  „  =0'45. 

Where  the  brick  or  rubble  work  is  built  with  Portland  cement,  a  lower  value  of  C  may  be- 
taken, but  to  what  extent  there  are  no  experiments  at  present  to  show. 

For  elliptical  or  other  arches,  with  a  varying  curvature,  R  may  be  taken  to  represent  the  radius 
at  the  crown. 

e 

In  a  straight  arch,  D  should  equal  0  V&  +  Tni  S  being  the  span  of  the  arch. 
According  to  theory,  having  obtained  the  minimum  thickness  D  at  the  crown  for  an  arch  in 
equilibrium,  the  thickness  at  any  other  point,  to  prevent  the  arch  from  blowing  up  at  that  point, 

owing  to  the  thrust,  will  equal   -p~  ,  V  and  t>  being  the  rise  of  the  arch  at  the  crown,  and  at  the 

jwint  for  which  the  thickness  is  required,  respectively. 

The  force  of  an  arch  tending  to  spread,  or  to  thrust  out  its  abutments,  is  usually  resolved,  at 
the  springing,  into  a  horizontal  direction,  termed  the  "  horizontal  thrust,"  and  is  equal  to  that 
at  the  orown  when  the  arch  is  in  equilibrium. 

Various  theories  have  been  advanced  with  the  view  of  determining  the  value  of  this  force,  but 
most  of  them  are  useless  to  the  engineer,  from  the  difficulty  involved  ia  their  application  to  practice 
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=  di  t0  a  VCrtiCal  Une  dnmi  throuShthe  centre  of  gravity 


V  =  rise  of  the  arch, 
W  =  weight  of  half-arch, 
P  =  the  horizontal  thrust  in  the  same  terras  as  W, 


then 


P_WG 
V  ' 


As  the  centre  of  gravity  is  tedious  to  find,  particularly  in  an  arch  extradossed  to  a  horizontal 
line,  the  following  method  will  sometimes  be  found  convenient.    Divide  the  half-arch  into 
equal  parts,  and  call  their  respective  weights,  W,  ,  W2,  W3   and  W 
as  in  Fig.  276.    Conceive  the  centre  of  gravity  of  each  point  to  b*e 
m  a  line  drawn  vertically  through  the  middle,  then  the  moment  of 
each  part  tending  to  overset  the  pier  will  be  the  weight  of  the  part 
multiplied  by  the  horizontal  distance  of  its  centre  line  from  the 
springing;  and  if  we  take  the  width  of  each  of  the  parts  =  2  a 
and  the  rise  of  the  arch  added  to  half  its  depth  at  the  crown  =  r 
the  horizontal  thrust  will  be  nearly 


p  _  Wta  +  W,8a  +  W,  5a  +  W4  7  a 


The  abutment,  Fig.  277,  is  the  part  which  supports  and  takes  the  thrust  of  an  arch. 
to  three  conditions  :-lst.  It  should  sustain  the  weight  of  the  arch  without  crushing. 
must  be  sufficient  adhesion  between  the  courses  of  masonry  to  resist 
the  tendency  to  slide.     3rd.  It  should  be  of  sufficient  thickness  to 
resist  the  thrust  of  the  arch  without  overturning. 

The  use  of  granite,  the  harder  limestones,  °or  sandstones,  fulfils 
the  first  condition  in  most  cases.    The  second  may  be  attained  by  the 
use  of  dowels,  or  a  good  hard-setting  cement.    When  dowels  are 
used,  they  are  usually  of  copper,  iron,  or  slate,  from  1  to  2  inches 
square,  and  from  4  to  6  inches  long.     To  fulfil  the  last  condition  we 
must  resort  to  calculation  as  follows  :  — 
Let    H  =  height  of  abutment, 
T  =  thickness  of  ditto, 
P  =  horizontal  thrust  of  half-arch, 
W  =  weight  of  ditto, 
C  =  weight  of  a  cubic  foot  of  the  arch  and  abutment. 


It  is  subject 
2nd   There 


CHT2 


We  have  P  H  =  — ^ —  +  W  T ;  or,  T  = 


W 
OH' 


This  formula  gives  the  nett  thickness  of  abutment  to  resist  the  thrust  of  the  arch,  on  the 
supposition  that  the  weight  of  the  half-arch  W  acts  on  the  inner  edge  of  the  abutment,  instead  of 
through  the  centre  of  gravity.  In  practice  safety  is  attained  by  adding  counterforts  or  wingwalls 
in  addition  to  the  thickness  attained  by  the  formula. 

See  BBIDGE,  CONSTRUCTION,  DOME,  &c. 

Works  on  Arches :— Atwood  (G.),  '  Dissertation  on  the  Construction  and  Properties  of  Arches,' 
2  Parts,  4to,  1801-1804.  Gauthey  (E.  M.),  '  Traite  de  la  Construction  des  Ponta,'  3  vols.,  4to, 
Paris,  1809-1816.  Ware  (S.),  'Tracts  on  Vaults  and  Bridges,'  royal  8vo,  1822.  Gwilt's  (J.) 
'Treatise  on  the  Equilibrium  of  Arches,'  8vo,  1839.  Scheffler,  'Theorie  der  Gewolbo  und 
Futternzauern,'  1857.  Woodbury's  (Capt.  D.  P.)  '  Treatise  on  the  various  Elements  of  Stability 
in  the  Well-proportioned  Arch,'  8vo,  New  York,  1858.  Cavalli  (G.),  '  Memoria  sul  delincamcnto 
equilibrate  degli  archi  in  murato,'  4to,  Torino,  1859.  Breymann,  'Bau  Constructions,'  Lehve, 
vol.  i.,  1860.  Bland  (W.),  '  On  the  Principles  of  Construction  in  Arches,  Piers,  Buttresses,'  &c., 
12mo,  1862. 

See  also :— Kondelet,  '  L'Art  de  Batir.'  Sganzin,  '  Cpurs  de  Construction.'  Robison's  '  Mecha- 
nical Philosophy.'  Hann  and  HosMng,  '  Theory,  Practice,  and  Architecture  of  Bridges.' 

ABCHIMEDIAN  SCREW,  for  raising  water. 

ARCHIMEDIAN  SCREW.  FB.,  Vis  cTArchimede ;  GEB.,  Archimedische  Schraube ;  ITAL.,  Vile 
d'Archimede ;  SPAN.,  Tornillo  de  Arqui'medes. 

If,  upon  the  surface  of  a  cylinder,  a  helix  of  several  spirals  be  traced,  so  that  in  a  groove  ent 
according  to  this  curve  are  set  small  plates,  all  of  the  same  height,  and  joining  well  ujioii  each 
other,  the  combination  will  present,  as  it  were,  the  thread  of  a  screw,  perpendicular  to  the  surface 
of  the  cylinder,  and  of  uniform  thickness.  A  screw  so  formed,  covered  with  a  cylindrical  envelope 
of  staves,  will  constitute  an  Archimedian  screw,  for  raising  water.  Its  envelope  with  the  barrt-l,  the 
plates  forming  the  thread  of  the  screw,  will  be  the  steps,  and  the  solid  cylinder  the  nevcl,  or  core; 
the  space  comprised  between  the  newel,  the  barrel,  and  the  thread,  will  form  a  helicoulai  canal.  In 
the  common  screws,  three  equidistant  blocks,  or  threads,  are  placed  upon  the  same  newl,  and  n in- 
frequently three  canals.  The  diameter  of  the  screw,  which  is  the  interior  diameter  of  the  barn  I. 
varies  from  1  ft.  to  2  ft. ;  that  of  the  newel  is  a  third  of  it .  ami  the  length  of  the  screw  in  fr-.m 
twelve  to  eighteen  times  the  diameter,  as  the  strength  may  require.  The  angle  made  by  the  lu-lix 
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with  tho  axis,  or  rather  with  a  rijrht  lino  traced  upon  the  «.•»•.•'.  ;uul  Consequently  parallel  to  the 
axis,  has  undergone  cn-nt  variation*.     Tin-  Romans  made  it  hut   1">  ;    nt  Toulouse,  from  pl:uis 

btainttl  fn>m  ll»lluiul.  it  is  made  aUmt  W°;  constructors  nt  Paris  generally  make  this  ani;!. 
and  KN  trhvcin.  in  n  Mimll  Mcrew,  cart-fully  made.  \\.-ut  as  hiu'h  as  7s  .  At  the  upper  extremity  of 
the  axu  thuro  u  a  crunk,  and  at  the  lower  is  a  pivot,  which  is  received  in  a  MOKei,  embedded  in 
one  of  the  small  sides  of  the  frame  of  tho  machine.  If  we  place  an  An-himedian  screw  thus  con- 
structed in*  body  of  water,  giving  it  an  inclination  less  than  that  of  the  helix  upon  the  axis,  which 
U  tunally  from  909  to  4.~>  ,  and  impress  upon  it  a  motion  of  rotation,  in  an  opposite  direction  to  that 
'•«,  tho  inferior  oritiee of  the  canals  passing  in  the  water  will  draw  up  a  certain  quantity, 
which  will  riso  from  spiral  to  spiral,  and  will  issue  at  tho  upper  orifice.  The  screw  is  particularly 
adapt<<d  to  the  draining  of  water  from  places  where  wo  wish  to  lay,  unobstructed  hy  water,  the 
foundations  of  any  hydraulic  structure,  such  as  the  pier  of  a  bridge,  or  a  lock. 

It*  simplicity,  the  small  space  it  occupies,  the  facility  of  transporting  and  sotting  it  up,  as  well 
as  that  of  .-  ttin_-  up  many  at  tho  same  place,  causes  its  use  to  bo  very  general  iu  such  drainings, 
and  giro  it  a  preference  even  over  other  machines  which  have  advantages  in  other  respects. 

fat  greater  simplicity,  let  us  take  a  screw,  Fig.  278,  formed  by  a  tube,  bent  and  wound  round  a 
cylinder.  We  first  place  it  horizontally ;  if,  through  tho  orifice  at  the  base,  we  introduce  a  bullet, 
in  rolling,  as  upon  an  inclined  plane,  it  will  advance  . 
towards  the  other  extremity  of  tho  tube,  and  it  will  ^  *^ 
stop  upon  the  lowest  point  of  tho  first  spiral.  By 
turning  the  machine,  the  point  on  which  it  rests  will 
be  raised ;  it  will  leave  it,  and,  as  if  descending,  it 
will  pass  to  the  following  point,  and  in  succession  to 
the  others,  remaining  always  at  tho  same  level,  but 
advancing  towards  the  outlet  of  the  tube,  which  it 
will  finally  attain,  and  pass  through  it.  Now,  incline 
the  machine  a  little,  and  again  introduce  the  bullet 
through  the  lower  end ;  it  will  still  settle  itself  upon 
the  lowest  point  of  the  first  spiral,  when  it  will  be 
raised  by  means  of  the  motion  of  rotation,  and  will 
pass  upon  the  following  one,  which  will  also  bo  raised, 
but  in  a  less  quantity.  In  this  manner,  by  a  movement 
at  once  progressive  and  ascensional,  it  will  gain  tho 
upper  outlet :  it  will  have  risen  by  descending,  the  plane  on  which  it  rested  rising  more  than  itself. 
If  the  inclination  of  the  screw  had  been  such  that  the  helix  should  present  no  point  lower  than 
that  upon  which  the  bullet  is  first  placed,  it  would  have  continued  to  remain  there.  Finally,  if 
tho  inclination  had  been  still  increased,  tho  bullet  could  not  have  entered  it ;  and  if  it  had  been 
introduced  through  the  upper  orifice  of  tho  tube,  it  would  have  descended  in  following  all  the 
windings,  and  have  issued  through  the  lower  orifice. 

What  we  have  said  of  the  bullet  applies  equally  to  the  water  which  enters  through  the  base 
into  the  spiral  tube.  It  will  flow  to  the  lowest  point  of  the  spiral ;  it  will  then  rise  on  both  sides, 
in  the  two  branches,  to  the  level  of  the  most  elevated  point  of  the  branch  of  entry.  The  arc  of  tho 
spiral,  containing  all  the  water  it  can  then  admit,  is  the  hydrophone  arc  of  the  screw.  If,  after  the 
first  spiral  is  filled,  we  make  a  revolution  of  the  machine,  the  water  it  contains  will  advance,  like 
the  bullet,  with  a  double  motion,  progressive  and  ascensional,  and  it  will  be  found  in  the  hydro- 
phone arc  of  the  second  spiral ;  it  will  be  replaced  in  the  first  by  a  new  and  equal  quantity  of 
water.  In  the  following  revolutions,  these  two  bodies  of  water,  as  well  as  those  which  follow  after 
them,  will  ascend  from  spiral  to  spiral,  even  to  the  orifice  of  exit.  Thus,  at  each  revolution,  the 
screw  will  evidently  discharge  a  quantity  of  water  equal  to  that  contained  by  the  hydrophoric  arc. 

But  for  this  purpose,  the  base  of  the  screw  should  be  plunged  in  the  well  a  certain  quantity. 

It  should  be  at  least  so  much  submerged  that  the  mouth  of  the  helicoidal  tube,  after  having 
traversed  in  its  rotation  the  water  of  the  well,  on  its  arrival  at  the  surface,  shall  be  found  at  the 
summit  of  the  hydrophoric  arc  of  the  first  spiral ;  then  this  arc  will  be  entirely  filled ;  and  it  is 
evident  that  it  could  not  be  so  if  the  level  of  the  reservoir  was  below  this  point,  whose  position 
wo  shall  soon  determine.  When  the  mouth,  in  pursuing  its  rotation,  shall  have  passed  thi*  level, 
the  atmospheric  air  will  enter  in  the  tube,  will  take  the  place  vacated  by  the  water,  and  at  the  end 
of  the  first  revolution  it  will  fill  the  upper  part  of  the  first  spiral,  that  which  is  above  the  hydro- 
phone arc.  It  will  be  the  same  with  the  following  spirals ;  the  water  and  the  air  will  be  then 
disposed  as  indicated  by  the  figure ;  each  of  the  columns  of  the  former  fluid  will  be  entirely  sup- 
ported by  its  spiral ;  it  will  not  exert  any  pressure  upon  the  inferior  columns,  and  throughout  the 
air  will  have  the  same  density  as  that  of  the  atmosphere. 

It  will  not  be  so  if  the  level  of  the  well  should  be  raised  above  the  summit  of  the  hydrophoric 
arc,  even  though  the  orifice  of  the  tube  may  be  found,  in  some  portion  of  its  revolution,  outside  the 
water.  The  air,  it  is  true,  will  be  introduced  among  the  spirals,  but  the  water  will  occupy  more 
than  the  hydrophoric  arc ;  it  will  rise,  in  the  ascending  branch,  above  the  summit  of  this  arc,  that 
is  to  say,  above  the  summit  of  the  descending  branch ;  it  will  bear  upon  the  inferior  column  with 
all  this  excess,  and  will  compress  the  air  comprised  between  that  and  itself.  Often  this  air,  striving 
to  regain  its  density,  traverses  the  column  which  is  above  it.  On  the  other  hand,  and  by  reason  of 
the  movements  which  take  place,  and  of  the  irregularity  with  which  the  water  and  the  air  are  reci- 
procally disposed,  the  last  of  these  fluids  may  be  found  rarefied  in  certain  parts  ;  and  we  may  see  tho 
atmospheric  air  introducing  itself  in  the  tube,  passing  briskly  through  the  water  of  some  spirals,  and 
going  to  establish  the  equilibrium ;  these  shocks  and  irregular  movements  diminish  considerably 
the  product  of  the  machine. 

Finally,  when  the  base  is  plunged  entirely  in  the  well,  the  air  cannot  enter  the  screw ;  nothing 
but  water  can  enter  there.  If  the  velocity  of  rotation  be  very  great,  the  centrifugal  force  resulting 
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and  will  thus  counteract  the  centrifugal  force.  In  great  machines,  the  air  which  is  already  in  thd 
helicoidal  ducts,  and  that  which  arrives  there  through  the  upper  opening,  also  produce  irregularity 
in  the  motions,  and  the  diminution  of  the  product  already  alluded  to.  When,  however,  the  canals 
are  very  large,  and  the  machine  is  properly  disposed  and  inclined,  the  exterior  air  arriving  without 
commotion  in  all  the  spirals,  these  inconveniences  no  longer  occur,  and  we  obtain  nearly  the  usual 
product. 

Eytelwein,  who  made  a  particular  study  of  the  movements  of  water  in  different  kinds  of 
screws,  published  a  series  of  experiments  which  show  the  bad  effect  of  a  too  great  or  too  little 
submersion  of  the  base  in  the  water  to  be  drained ;  at  least,  for  screws  with 
small  ducts.  We  give  here  some  of  the  results  obtained.  He  was  provided 
with  a  model  of  a  screw  made  with  great  care;  it  was  0*512  ft.  in  diameter 
and  3  •  608  ft.  long :  it  had  two  helicoidal  ducts,  intersecting  the  axis  at  an 
angle  of  78°  21",  and  having,  in  the  direction  of  the  radius,  a  height  of  0  •  138  ft. 
This  screw  was  placed  in  a  reservoir,  in  an  angle  of  50°  to  the  horizon ;  and 
when  it  yielded  the  greatest  product,  the  level  was  0-042  ft.  above  the  centre 
of  the  base.  In  the  first  column  of  the  annexed  Table,  the  height  of  the  water 
above  or  below  the  centre  of  the  base  is  indicated;  and  in  the  second,  the 
volume  of  water  raised  at  each  revolution. 

Though  the  Archimedian  screw  is  simple  in  its  character,  still  there  is  no 
theory  to  be  found  for  the  machine  as  it  is  now  used.  The  essays  of  some 
learned  mathematicians  are  far  from  enabling  us  to  determine  its  effects 
exactly.  That  which  Bernoulli  and  most  authors  have  given,  applies  only  to 
the  case,  now  out  of  use,  of  a  tube,  with  a  very  small  diameter,  rolled  spirally 
round  a  cylinder.  We  make  an  elementary  exposition  of  the  principal  features 
of  it,  both  to  guide  our  first  impressions  upon  this  subject,  and  to  avoid  leaving  a  gnp  in  this  work. 

Let  A  M  C  N  D,  Fig.  279,  be  a  vertical  projection  of  the  axis  of  the  helicoidal  tube,  wound  round 
the  cylinder  ABED,  and  the  circle  anbma  a,  projection  of  the  base  of  the  cylinder,  upon  a  piano 
perpendicular  to  its  axis.  Through  the  point  F  of 
the  arc  AM  M  0  draw  the  tangent  GH;  it  will 
make  with  the  edge  O I  an  angle  I  F  H,  which  we 
designate  by  a  ;  and  through  the  extremity  B  of 
A  B  draw  the  horizontal  B  K.  the  angle  E  B  K,  or 
6,  will  measure  the  inclination  of  the  screw. 

Let  us  determine  the  length  of  the  hydrophoric 
arcMCN. 

And  first,  the  height  L  P  of  any  point  L  of  the 
helix,  above  the  horizontal  plane  BK.  Project 
L  at  /  upon  the  circumference  of  the  circle  of  the 
base,  and  draw  the  horizontal  It;  we  shall  have 
LP  =  L  r  +  rP.  For  greater  simplicity  make 
the  radius  o  a  =  1 ;  designate  by  o  the  length  of  the 
arc  A  /  (  =  a  J ) ;  the  angle  which  the  helix  makes 
at  A  with  the  plane  of  the  base,  being  the  comple- 
ment of  a,  we  shall  find  L  r  =  L I  sin.  6  =  A  / 
cot.  a  sin.  6  =  a  cot.  a  sin.  6.  We  shall  also  have 
r  P  =  Iq  —  /B  cos.  b=sb  cos.  b  =  (1  +  cos  a)  cos.  6. 
Then  LP  =  a  cot.  a  sin.  6  +  (1  +cos.  a)oos.  6. 

The  summit  or  commencement  of  the  hydroplioric  arc  of  the  spiral  A  CD  will  be  at  M,  the 
most  elevated  point  above  B  K.  It  corresponds  consequently  to  the  maximum  value  of  L  P.  Differ- 
entiating the  above  expression,  equalling  the  differential  to  zero,  we  have  sin.  a  =  cot.  a  tang.  6  ; 
which  gives  the  value  of  the  arc  a,  or  dm,  for  the  case  of  the  maximum.  Calling  m  this  particular 
value  at  the  point  M,  we  have  for  the  height  of  this  point  above  B  K,  m  cot.  a  sin.  6  +  (1  +  COB.  m) 
cos.  b. 

If  through  M  we  imagine  a  horizontal  plane,  the  point  N,  where  it  intersects  the  UMBOttg 
branch  of  the  spiral,  will  be  the  end  of  the  hydrophoric  arc ;  since  the  commencement  and  the  end 
should  have  the  same  level.  Project  N  upon  the  circumference  of  the  bane ;  it  will  fall  M|«>M  tlm 
point  n;  call  n  the  arc  bn;  the  arc  of  the  circle  ambn,  corresponding  to  the  arc  of  the  h-'Iix 
A  M  C  N,  will  be  it  +  n;  and  for  the  elevation  of  N  above  the  horizontal  plane  passing  through  B, 
we  shall  have  (it  +  n)  cot.  a  sin.  b  +  [1  +  cos.  (ir  +  n)]  cos.  6. 

This  elevation  should  be  equal  to  that  of  M.  Making  the  two  expressions  equal  and  IMQOtng, 
we  have  (ir  +  n )  sin.  m  +  cos.  (ir  +  n )  =  m  sin.  m  +  cos.  m :  an  equation  from  which  wo  may  deduce 
the  value  of  n,  by  means  of  successive  substitutions. 

This  value  being  found,  we  shall  know  the  arc  m&n  corresponding  to  the  hydrophone  nro  M 
But  an  arc  of  the  helix  is  equal  to  an  arc  of  the  corresponding  circle,  increased  in  the  rnti.-  -i  tl... 
radius  of  the  tables  to  the  cosine  of  the  angle  comprised  between  tho  two  arox,  tlmt  is  to  t*j, 
divided  by  this  cosine.    Here  the  arc  of  the  circle  is  *  -  m  +  n,  the  angle  comprise*!  Utvuvn  tlio 

two  arcs  is  90°  -  a:  the  length  of  the  hydrophoric  arc  will  then  be  -  gin  —  ;  and,  for  a  cylinder 
whose  radius  is  r,  r  ir  +  n  -  m  ^ 

If  s  is  the  section  of  the  helicoidal  tube,  the  volume  of  water  raised  at  each  turn  of  tho 
screw  will  be  the  above  expression  multiplied  by  s. 


126 


ARCniMEDIAN  SCREW. 


Galling  N  tho  nnmlicr  of  turns  made  l»v  the  screw  in  a  given  time,  L  its  length  outside  of  the 
water,  ami  ohx-mm;  that  tin-  height  of  the  elevation  is  L  sin.  6,  we  shall  have  for  the  value  of 
the  useful  effect,  during  thin  time, 

Bin.  6 
NL.rO  +  n -*)-.— 

The  expression  Bin.  m  =  pot.  a  tang.  6,  obtained  by  differentiating,  and  making  equal  to 
w»ro  the  gem-nil  value  of  tin-  t •li-vation  of  any  point  of  the  first  spiral,  answers  equally  to  tho  case 
of  maximum  and  minimum  ;  it  gives  the  smallest  as  well  as  tho  greatest  elevation.  Moreover,  the 
MM.  el  applies  aa  well  to  tho  air  <t  m'  n.s  to  the  arc  a  m,  by  taking  bm'  =  a  m.  Consequently,  if  wo 
project  the  point  m'  upon  the  hydrophoric  arc,  M'.  which  is  its  projection,  will  be  the  lowest  part 
•  arc,  aa  M  is  tho  highest  point. 

Tli.-  expression  oot.  n  tang,  o,  representing  a  sine,  cannot  exceed  1.  When  it  is  equal  to  it,  the 
arcs  am  and  am'  will  become  ao' ;  the  points  M  and  M'  will  be  merged  in  the  point  F;  there 
will  no  longer  be  a  hydrophone  arc,  and  no  more  water  raised.  But  cot.  a  tang  6  =  1  gives 

tang,  b  =  — ; —  =  tang,  a  or  6  =  a ;  that  is  to  say,  that  when  the  angle  of  inclination  shall  be 

equal  to  tho  angle  made  by  the  helix  with  the  edge  of  the  cylinder,  the  discharge  will  cease ;  it  is 
necessary,  then,  in  order  that  it  may  take  place,  that  the  first  of  these  angles  should  be  smaller 
than  the  second,  aa  we  have  already  remarked. 

That  of  tho  values  of  b  giving  tne  greatest  effect  is  impliedly  embraced  in  the  above  expression 
:!'.-ot.    For  the  same  screw,  moved  with  the  same  velocity,  there  will  be  no  variable  in  this 
expression  but  sin.  6  (*•  +  n  -  m),  and  it  will  bo  necessary  to  determine  the  value  of  b  which  will 
render  this  quantity  a  maximum. 

From  what  was  said  at  the  commencement  of  this  article,  in  order  that  the  hydrophoric  arc 
should  take  all  tho  water  it  can  contain,  the  level  of  the  fluid  in  the  well  should  be  as  high  as  the 
point  m,  or  as  the  point  p,  which  is  on  the  same  horizontal  line ;  and  consequently  should  be  raised 
above  the  centre  of  the  base  by  the  quantity  op  =  r  cos.  m  =  r  *J  1  —  (cot.  a  tang.  6)2.  For  the 
vertical  elevation,  we  shall  have 

r  cos.  6  V  1  —  (cot.  a  tang.  6)J. 

In  what  has  been  said,  we  have  supposed  the  hydrophoric  arc  had  time  to  be  filled  with  writer, 
without  any  mention  of  the  velocity  of  the  water.  It  has,  however,  a  great  influence  upon  the 
amount  of  the  product,  especially  when  the  bottom  of  the  screw  is  entirely 
submerged.  This  influence  is  shown  by  the  experiments  of  Eytelwein. 
They  were  made  with  the  small  screw  already  mentioned,  with  an  inclina- 
tion of  50°.  In  the  first  series,  the  end  of  the  screw  was  entirely  sub- 
! :  an  unfavourable  circumstance,  the  disadvantages  of  which  are  not 
sufficiently  appreciated  by  workmen.  The  second  was  made  under  more 
favourable  circumstances,  with  the  base  submerged  only  a  suitable  quantity. 
In  practice,  it  will  suffice  to  establish  the  screw  in  such  a  manner  as  that 
the  end  of  the  vertical  diameter  of  the  core  may  project  a  little  above  the 
surface. 

Comparing  the  terms  of  the  two  series,  when  the  velocity  of  the  machine 
has  been  nearly  the  same,  we  see  that  when  the  inferior  extremity  was 
entirely  submerged,  the  product  was  about  one-third  less. 

We  pass  to  the  effect  of  which  great  screws  are  capable. 

It  is  made  known  what  this  product  would  be,  by  giving,  in  the  following 
Table,  the  results  of  experiments  made  with  three  pumps,  of  1  ft.,  1£  ft., 
and  2  ft.  (French  measure)  in  diameter,  the  latter  limit  never  being  exceeded. 
The  length  and  velocity  of  each  are  given,  as  well  as  the  angle  of  inclina- 
tion at  which  it  stopped  delivering  water ;  an  angle  which,  according  to 
theory,  is  equal  to  that  made  by  the  helix  with  the  axis.  The  greatest 

;  was  produced  at  an  angle  of  30° ;  Morin  has  taken  it  for  the  unit,  and  has  compared 
with  it  those  obtained  under  different  angles ;  this  comparison  shows  the  great  influence  of  the 
inclination. 
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40 
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45 
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0-44 
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0-44 

50 
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508 

20-23 

0-18 

893 

55 

91-8 

14-62 

0  10 
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21-35 

0-07 
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Though  the  volumes  of  water  indicated  in  the  Table  have  been  admitted,  as  the  results  of 
experiment,  by  a  commission  of  engineers ;  still,  as  they  are  presented  by  a  constructor  of  tho 
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Archimedian  screw,  we  may  fear  that  there  is  some  exaggeration ;  and  in  application,  we  should 
not  reckon  upon  more  than  two-thirds  of  the  product  indicated. 

It  seems  that  the  quantities  of  water  raised  by  these  machines,  they  having  been  reduced  to 
the  same  number  of  turns  in  the  same  time,  should  be  proportional  to  the  capacity  of  the  hydro- 
phone arc,  and  consequently  to  the  cube  of  the  diameters,  if  the  screws  were 
similar  solids ;  yet  Morin  found  that  these  quantities  are  very  sensibly  propor- 
tional to  the  3|  power  of  the  diameter,  or  to  D3!.  Consequently,  by  reducing 
one-third  the  quantities  given  in  the  preceding  Table,  the  volumes  of  wate'r 
raised  in  one  hour,  under  different  angles  of  inclination,  by  a  screw  of  a 
given  diameter  D,  would  be  sucli  as  are  indicated  in  the  adjoining  Table. 

These  .screws  are  usually  put  in  motion  by  men,  who  act  indirectly  npon 
the  crank,  through  the  intervention  of  beams  or  connecting-rods,  upon  which 
they  impress  a  reciprocal  motion  which  converts  that  of  the  crank  into  a 
rotatory.  What  is  the  number  of  men  to  be  employed  to  produce  a  given 
effect  ? 

A  screw  1-607  ft.  in  diameter,  and  19 '19  ft.  long,  used  for  draining  by 
M.  Lamande,  engineer,  moved  by  nine  men  (working  in  spells  of  two  hours, 
and  then  relieved  by  a  similar  number  of  fresh  hands),  inclined  about  35°,  making  forty  turns  per 
minute,  raised  in  one  hour  1589-2  cub.  ft.  of  water  10 '82  ft.  For  each  of  the  nine  workmen,  this 
was  176-58  cub.  ft.  raised  10 '82  ft.,  or  1910  cub.  ft.  raised  1  ft. ;  he  did  not  work  over  five  hours  in 
the  day;  thus,  the  day's  labour  of  each  was  only  9550  cub.  ft.  In  another  experiment,  six 
workmen,  working  six  hours,  raised  each  10,660  cub.  ft.,  and  consequently  1776  cub.  ft.  per  hour. 

According  to  these  positive  and  authentic  facts,  we  may  admit  that  a  workman,  employed  upon 
a  well-arranged  screw,  can  raise  in  one  hour  1738  cub.  ft.  one  foot  in  height,  and  that  he  may 
labour  in  this  manner  six  hours  per  day.  He  might  even  work  eight  hours  in  the  twenty-four,  in 
a  continuous  draining,  if  the  relays  were  properly  established ;  so  that  the  number  of  workmen  to 

accomplish  such  a  draining  would  be  -579",  or,  to  prevent  any  mistake,  -vgg  ,  Q' being  the  volume 

of  water  to  be  raised  in  one  hour,  and  H'  the  height  of  the  elevation. 

We  also  employ  for  draining,  screws  without  the  envelope  or  barrel,  consisting  simply  of  a 
newel,  upon  which  are  placed  the  helicoidal  threads.  Wo  place  them  in  a  canal  or  semi-cylindrical 
box  enclosure,  made  of  carpentry  or  masonry,  and  having  a  suitable  slope  :  it  is,  as  it  were,  a  half- 
barrel,  but  immovable.  But  a  very  small  interval  is  left  between  its  sides  and  the  edges  of  the 
threads.  These  machines,  called  hydraulic  screws  by  the  Germans,  are  much  used  in  Holland,  where 
they  are  frequently  set  in  motion  by  windmills. 

They  have  a  great  velocity  imparted  to  them,  lest  a  great  quantity  of  water,  raised  at  first,  should 
fall  back  into  the  well,  following  the  sides  of  the  trough,  before  it  has  reached  the  point  of  discharge. 
They  have  the  advantage  of  being  independent,  in  their  product,  of  the  height  of  the  water  of  the 
reservoir  compared  to  their  extremity,  and,  without  shifting  their  place,  they  may  drain  a  reservoir 
whose  level  is  gradually  reduced.  But  this  advantage  is  more  than  counteracted  by  an  incon- 
venience :  very  often  the  core  or  newel,  at  least  if  it  is  not  large,  bends,  and  the  edges  of  tho 
threads  rub  against  the  sides  of  the  canal ;  which  wears  out  the  machine,  and  occasions  a  resistance, 
absorbing  a  portion  of  the  motive  force. 

It  may  be  necessary  to  make  brief  mention  of  a  machine,  which  has  some  resemblance  to  the 
Archimedian  screw,  and  which  may  be  used  for  raising  water  to  great  heights  :  this  is  the  spiral 
pump.  It  consists  of  a  conical  or  cylindrical  turning-shaft,  upon  which  is  wound,  screw-fashion,  a 
tube  of  lead  or  other  material :  one  of  its  extremities  takes  up  the  water,  and  the  other  is  enclosed 
exactly  in  the  curved  end  of  an  upright  tube,  which  conveys  this  water  to  the  desired  point. 

This  machine,  invented  and  made,  in  1746,  by  a  tinman  of  Zurich,  has  been  made  the  subject 
of  a  work  by  Daniel  Bernoulli,  who  has  given  its  theory,  and  proposed  some  improvements,  which 
have  been  adopted  in  a  construction  made  at  Florence.  Since  then,  Nicander  and  Eytelwein  have 
devoted  their  attention  to  it :  the  latter  reported  that,  in  1784,  he  had  established  such  a  pump  near 
Moscow,  with  complete  success ;  it  conveys  4  09  cub.  ft.  in  1  a  distance  of  761  ft.,  and  75  •  46  ft. 
in  vertical  height.  This  author  extols  all  the  advantages  of  this  machine,  and  recommends 
its  use. 

When  the  mouth  takes  up  alternately  water  and  air,  these  two  fluids  advance,  from  spiral  to 
spiral,  up  to  the  upright  pipe :  they  enter  it ;  the  air  is  discharged  and  escapes  into  the  atmosphere, 
the  water  ascends  gradually,  and  is  discharged  through  the  spout  placed  at  the  top  of  the  pipe. 

During  the  motion,  the  two  fluids  are  disposed  in  the  spirals  as  shown  in  the  lipure ;  the  water 
on  one  side,  the  air  on  the  other — the  latter  occupying  less  and  less  space.  In  the  first  spiral  from 
the  entrance-mouth  the  air  is  loaded,  not  only  with  the  atmospheric  weight,  but  that  of  the  column 
of  water  of  the  second  spiral ;  the  air  of  the  latter  sustains  also  the  weight  of  the  third  column : 
and  so  on ;  so  that  in  the  last  spiral,  that  which  is  near  the  upright  tube,  it  is  as  it  wore  loaded 
with  the  weight  of  a  column  of  water,  whose  height  is  the  sum  of  the  heights  of  this  fluid  in  nil 
the  spirals.  This  same  air  supports,  by  the  elastic  force  due  to  such  pressure,  the  column  of  wnti-r 
in  the  upright  tube ;  it  can  therefore  support  one  whose  height  is  equal  to  the  sum  of  the  he ij-'lit.s 
of  the  water  in  the  spirals.  Thus  the  height  to  which  wo  can  raise  water  by  means  of  a  spiral 
pump,  depends  upon  the  length  and  the  number  of  spirals  of  the  helicoidal  tube. 

If  the  compressed  air,  on  issuing  from  this  machine,  were  properly  received  and  directed,  it 
produce  a  blast,  which  might  easily  be  made  nearly  continuous.  An  Archimedinn  screw,  contai 
also  in  its  spirals  alternate  masses  of  air  and  water,  might  yield  an  analogous  effect,  if  it  v 
disposed  and  moved  in  an  order  in  some  sort  the  inverse  of  that  followed  in  draining.    1 
machines  on  this  principle  have  been  used  in  many  instances  with  success.     The  Arrliimfdi: 
screw,  in  this  latter  case,  is  of  great  diameter  compared  with  its  core,  mid  placed  in  a  basin 
with  water,  with  a  certain  inclination,  so  that  the  upper  end  of  the  axis  shall  be  very  near  tl 
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liquid  surface.     When  the  screw  turns,  the  upj>or  tnoutli  of  the  holicnl  canal  passing  in  the  atmo- 
Hplieru  .luntip  one-half  »f  it*  revolution,  there  take*  a  certain  quantity  of  air,  which  at  first  has  its 

Rlnco  above  tin-  tir>t  lu.lrophorio  axis,  ami  which   then  descends  from  spiral  to   Bpiral,  issues 
tm>ui:h  tin-  l"\v.  r  nii.utii  of  the  cannl,  nnd  tends  to  rise  in  tho  water  of  the  basin,  with  an  elastic 
fora*  meaaur.tl  l.y  the  height  of  the  liquid  surface  above  this  mouth. 
AKKA. 

rank  apace  around  the  lower  stories  of  a  building  Is  termed  the  area. 

>,  .      >hs-l   I.Ml.'V 

A  U 1 .  \  1 '  1 :  A I X.    PH.,  Isolement  airif.    GER.,  Luftschicht. 

An  urea-drain  is  a  narrow  open  area.  Fig.  280»  generally  less  than  3  feet 
in  wi.lth.  mn.strueted  around  the  basement  of  a  building,  to  prevent  the 
approach  i>f  .lump  from  the  surrounding  soil. 

ABOKMTAK.  KB.,  Argentan,  ailiaye  da  cuirre,  nickel  et  zinc ;  GEB.,  Nickel- 
«/Vr  ;  ITAI...  I':ickfong;  SPAN.,  Aryentan  mezcla  dc  cobre.  niqucl  y  zinc. 

Argentan  U  tho  name  given  to  an  alloy  of  nickel,  copper  and  zinc ;  and  is  generally  termed 
See  NICKEL,  Alloys  of. 

AUM-HAND.    KB.,  Support  a  fusil;   GER.,  Ceirchrhaltcr. 

An  ann-liand.  Figs.  281,  282,  283,  284.  is  a  piece  of  crooked  iron,  attached  either  to  a  wooden 
mil  or  atone  block,  fixed  against  the  walls  in  barrack-rooms,  to  retain  the  soldiers'  muskets  when 
ii. -t  in  use.  tho  butt-ends  rt-stinp  on  tho  floor.  Formerly,  muskets  were  laid  horizontally,  one  over 
another,  iu  arm-racks,  which  were  not  ao  convenient  to  reach  in  cases  of  emergency. 
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G-PBESS.      FB.,  Presse  de  carton;  GEB.,  Deckelpresse ;  ITAL.,  Torchio  da  imbozzare; 
-AV,  frensa  para  encvadcrnar. 

An  arming-press  is  a  machine  used  for  embossing  the  back  and  sides  of  the  cover  of  a  book. 

^arepresents  the  rotary  arming-press  designed  by  John  Gough,  to  be  worked  by  steam- 

t  ^      tfl-"  a'.can7uig  the  strap-pulleys,  6,  is  fixed  upon  the  top  of  the  press;  and  at  one 

ft-  8^i13  P      „   *  toothed-wheel,  c,  geared  into  the  fly-wheel  d.     On  the  other  end  of 

hlff  J •     TI.-       ua  *mal*  P™011'  Beared  into  the  large  wheel,  #,  running  loose  upon  the  eccentric 

ift  /.    This  wheel  is  fitted  on  a  clutch,  A,  sliding  on  the  square  end  of  the  eccentric  ehaft. 
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This  press,  which  is  of  large  size,  is  fitted  with  two  sets  of  gauges,  for  feeding  front  and  back  so 
that,  with  two  attendants,  two  blocks  can  be  worked  at  the  same  time,  rendering  this  press  equal 
to  two  of  a  smaller  size.  The  whole  is  supported  by  columns,  which  tie  the  head  and  top  bearings, 
bed,  and  standards,  in  a  compound  and  rigid  manner.  The  support  at  each  side  of  the  eccentric 
prevents  deflection  of  the  eccentric  shaft.  The  table,  k,  is  supported  by  a  sliding-wedge,  /,  the 
whole  of  its  width,  by  which  arrangement  the  whole  power  of  the  press  is  concentrated  upon 
the  work.  The  driving-gear  and  machinery,  being  placed  on  the  head  of  the  press,  renders  the 
usual  dangerous  gearing  on  the  floor  unnecessary. 

AEMOUK.     FR.,  Armure,  Cuirasse ;  GEE.,  Panzer ;  ITAL.,  Corazzatura  ;  SPAN.,  Armadura. 

ARMOUR-PLATES  for  Ships  of  War. 

The  first  account  we  have  of  an  armoured  ship  is  in  1530  (see  'Istoria  della  Sacra  Eeligione  ed 
niustrissima  Milizia  di  San  Giovanni  Gierosolimitano,'  di  Giacomo  Bosio,  pub.  1594).  The  largest 
ship  then  known,  one  of  the  fleet  of  the  Knights  of  St.  John,  was  sheathed  entirely  with  lead,  and 
is  said  to  have  successfully  resisted  all  the  shot  of  that  day.  We  have  no  account  of  any  similar 
device  until  the  Emperor  Louis  Napoleon  initiated  the  idea  of  covering  vessels  intended  to  approach 
forts  with  iron,  in  consequence  of  the  general  acknowledgment  of  the  impossibility  of  supporting 
the  effects  of  shell-fire  in  ordinary  wooden  ships,  or  in  thin  iron  ones  when  elongated  shell  are 
substituted  for  the  spherical  ones  formerly  used.  In  the  United  States,  trial  has  been  made  of 
superposed  plates  of  1  and  2  inches  thick,  up  to  a  total  thickness  of  8, 13,  and  20  inches ;  but  the  re- 
sistance obtained  in  this  way  has  never  equalled  the  results  where  solid  plates  have  been  applied. 

It  has  been  roughly  established  that  to  keep  out  a  hardened  projectile  fired  from  a  modern 
rifled  gun,  the  armour-plate  must  have  a  thickness  at  least  as  great  as  the  diameter  of  the  shot ; 
and  the  best  practice  seems  to  require  a  solid  backing  of  wood  of  from  twice  to  four-and-a-half 
times  the  thickness  of  the  iron.  This  will  give  great  resistance  when  divided  into  a  cellular  form 
by  iron  edge-pieces  or  girders,  as  in  the  Chalmers'  target.  An  iron  lining  on  the  inside  u  also 
necessary  to  diminish  the  risk  of  splinters,  &c. 

Armour-plates  are  rolled  or  forged  up  to  the  thickness  of  20  inches  by  machinery  constructed 
for  the  express  purpose.  They  are  then  bent  to  the  shape  necessary  by  hydraulic-power ;  and 
having  been  planed  on  the  edges  and  bored  with  conical  holes  for  the  bolts,  are  attached  to  the 
ship's  side  by  long  through-bolts,  and  screwed  up  with  nuts  from  the  inside. 

As  the  artillery  have  within  the  last  few  years  advanced  with  enormous  strides  in  weight  and 
power,  it  has  been  necessary  to  keep  pace  with  these  improvements,  in  the  thickness  and 
resisting-power  of  the  armour;  and  each  step  forward  in  the  science  of  artillery  has  hitherto 
been  met  by  a  corresponding  increase  in  the  defences  opposed  to  it.  But  this  cannot  go  on ;  and 
it  seems  that  the  limit  of  defensive  armour  the  ship  can  carry  will  be  sooner  reached  than  the 
ne  plus  ultra  of  the  gun  or  shot  that  can  be  brought  against  it. 

It  remains  to  be  seen  to  how  much  of  the  ship  must  be  given  absolute  immunity,  and  how 
much  may  be  left  to  be  pierced  by  shot  without  fatal  consequences.  Hitherto  the  practice  has 
varied  from  protection  over  the  whole  hull  with  a  moderate  thickness  of  armour,  to  absolute 
protection  confined  to  a  small  part  of  the  hull.  The  Monitor  system  protects  efficiently  the  hull 
and  guns ;  but  these  are  little  raised  above  the  surface,  and  the  vessel  is  not  intended  to  keep  the 
sea.  The  cupola  system  is  an  advance  on  the  Monitor,  inasmuch  as  it  is  applied  to  vessels  of 
a  larger  class,  and  which  are  seaworthy.  But  on  this  plan  very  few  guns  are  carried  in  proportion 
to  the  tonnage,  and  the  ship  requires  one  special  armour  and  the  guns  another.  There  is  also  the  dis- 
advantage that  the  rigging  must  be  sacrificed  if  the  guns  are  to  be  used  over  a  large  arc  of  training. 

In  1865  a  series  of  experiments  were  made  by  the  British  Government  to  determine  the 
relative  penetrating  effects  of  two  shot  on  an  iron  plate,  provided  they  strike  with  the  same  work 
or  eneri/y,  notwithstanding  the  one  may  be  heavy  with  a  low  velocity,  and  tho  other  litrht  with  a 
high  velocity ;  and  also  to  determine  the  relative  resistances  of  a  plate  to  penetration  by  two 
shot  of  similar  form  of  head,  and  striking  with  work  proportional  to  their  respective  <liiin>. 

For  these  experiments  the  charges  were  determined  with  the  aid  of  Nave/'s  apparatus,  by 
which  the  velocity  of  each  projectile  was  observed  at  the  distance  of  100  yards  from  the  muzzle. 
Cast-iron  shot  were  supplied  for  this  experiment,  their  weight  being  the  same  as  the  steel  shot. 
The  spherical  projectiles  were  shells  weighted  up  with  lead. 

The  following  Table  shows  the  velocity  which  each  projectile  should  have  in  order  that  the 
conditions  might  be  fulfilled. 

TABLE  A.— SHOWING  THE  NECESSARY  VELOCITIES  AND  CHARGES  DETERMIXKU  HY  KXHCBIMKNT: 
5-5-iNCH  PLATES.     PROJECTILE,  SOLID  STEEL  HEMISPHERICAL-IIKAM  i>  Sum-. 


No.  of 

Charge 

PROJECTILK. 

N  |  •  i". 

•  \V..rk  " 

GUN, 

Experi- 

determined 
by 

Mean 

Mean 

Velocity 
at  100 

on  impact 
at  100 

ment 

Experiment. 

Weight. 

1'  .uu. 

Yards. 

Yards. 

IDS. 

lh<. 

Inches. 

foot  inn*. 

6  •  3-inch  M.  L.  rifle-gun 

1 

2 

15-848* 
12-000* 

35-56 
71-12 

<j'±> 
n 

1917 

»« 

3 

11  219* 

100-68 

1107 

•• 

T 

13-875* 

35-56 

n 

|s-j:i 

5 

10-500* 

71-I'-' 

tt 

1871 

' 

6 

9-812* 

106-08 

ff 

BM 

7IU-5 

7-inch  M.  L.  rifle-gun  .  . 

7 
8 

13-500 
il  628 

100-00 

i;  M 

«• 

1130 
1022 

B85-8 

100-pr.  M.  L.  smooth-bore  gun  (9-ixi.) 

»                       n                              5» 

9 
10 

15  437f 
11  125f 

104"  00 

»» 

8-87 
n 

rj/.t 
1135 

U29-0 

*  Charge,  powder  nearly  half  the  weight  of  shot. 
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The  oharpoa  bavin?  boon  thus  ascertained,  the  guns  used  were  placed  in  battery,  at  100  yards 
from  ft  row  of  ."il-iii.  ir""  |'l"t<'-s  fixed  by  upright  supports,  but  uiil>:u-knl.     The  guns  were  fired 
•ly  at  thu  i.lat.-s;  that  is.  the  plane  in  which  the  shot  moved  was  perpendicular  to  the  face 
of  Uir  |.litt<W. 

TABLE  B. — ABSTRACT,  BHOWIV;  mi    UIMI.TS  OF  THE  EXPERIMENTS  CARRIED  OUT  AT  SHOEIU  i:v- 

NESS,   22/3/65,   AGAINST   5 '5-INCH    UNBACKED   PLATES. 

1000  to  1010  show  Krt"f<'t  of  Ivpiality  of  vis  viva  where  V  and  W  vary.     In  tne  last  three  rounds 
the  charged  wi-n-  ult.-n-d  on  the  ground,  and  the  effects  arc  not  comparable  :  - 
35  Ibs  Shot,  Spherical,     Length,    6-220  inches. 
63   „       „       Elongated,          „        8 -500      „ 
.,  „        9 '315      „ 

106   „       .,  „  „      13  '458      „ 


Hemispherical- 
headed. 


photo- 

Approximate 

ir-  i:  ' 
N  .•:.'•  : 
Of 

Charge. 

Weight  Of 

I-rujectile. 

Velocity 
on 
Impact. 

W« 

M 

in  Foot  Tons 

Effects  with  Steel  Projectiles  of  6'22-in.  Diamet3r, 
fired  from  the  6-3-in.  Gun  of  HOcwt, 
R.,  ExpL  No.  275. 

l:  •  !. 

• 

on  Impact. 

Ibs. 

»*. 

feet. 

1 

1000 

15-84* 

39-875 

1920-0 

917-0 

Clean  bole  through  plate,  and  3  ft  2  in.  into  earth. 

1003 

1  1 

35-562 

1925-0 

913-8 

„                   „"           and  stopped  by  a  balk  of  timber. 

1001 

12-000 

63-687 

1417-0 

886-7 

„                   „           and  3  ft.  6  in.  into  earth. 

1004 

70-937 

1345-0 

839-8 

Struck  left  edge  of  plate  and  broke  In  three  pieces. 

100« 

§  ( 

71-250 

1346-0 

895-1 

Clean  hole  through  plate,  and  5  ft.  6  in.  into  earth.    "  Earth 

loosened  by  former  shot." 

1001 

11  tit 

106-625 

uio-o 

911-0 

Clean  hole  through  plate,  and  3  ft.  3  in.  into  earth. 

1007 

IM'811 

1112-0 

915-8 

„                  „           depth  in  earth  not  known. 

1008 

13:875 

35-563 

1829-0 

824-9 

„                   „           about  1$  ft.  into  earth. 

1009 

10-500 

70-875 

1270-0 

792-7 

Stuck  in  plate  ;  base  projects  3i  in.  from  face  of  plate  ; 

slight  star  in  rear  ;  outer  lamina  off  plate. 

1010 

9-812 

106-562 

996-0 

T33-1 

Stuck  in  plate  ;  base  projects  7  in.  from  face  of  plate  ;  port 

of  shot  showing  through  in  rear. 

TABLE  C. — To  DETERMINE  THE  RELATIVE  RESISTANCES  OF  A  PLATE  TO  PENETRATION  BY  Two 
SHOT  OF  SIMILAR  FORM  OF  HEAD,  AND  STRIKING  WITH  vis  VIVA  PROPORTIONAL  TO  THEIR 

DIFFERENT   DIAMETERS.      SOLID   STEEL   SHOT,    HEMISPHERICAL-HEADED. 


I1'     '    - 

Approxi- 

W  r« 

graphic 

PEOJECTILE. 

Velocity 

Wt>* 

2g 

Number 

f.f  . 

Gcx. 

CHARGE. 

on 

20 

as  propor- 

KFFFXTS. 

OI 

Round. 

Weight 

Diam. 

1  r.ij'.u  t  . 

in  Foot  Tons 
on  Impact 

tional  to 
Diameter. 

Ibs. 

Ibs.       inches.       feet 

foot  tons. 

1011 

100-pr.  smooth- 

15-437 

104-125 

8-87 

1254-0 

1135-4 

1135-4 

Clean  hob  through  plate,  and 

bore. 

3  ft.  3  in.  into  e  irtu. 

MM 

6-3-inch  x.  I.  . 

10-500 

70-875 

6-22 

1270-0 

792-7 

796-2 

Stuck  in  plate;  base  projects 

3i  in.  from    face  of  plate. 

Nose  was  nearly  through. 

1027 

100-pr.  smooth- 

11-125 

104-000 

8-87 

1135-0 

929-0 

929-0 

Shot  rebounded,  indent  3-25  in. 

bore. 

deep;     plate     bulged     and 

cracked  in  rear,  over  an  area 

of  1  ft  2  in.  by  1  ft    Same 

plate  as  1002,  1003,  1009. 

1012 

7-toch    jr.    L, 

11-625 

100-312 

6-92 

1004-0 

701-1 

724-8 

Shot  rebounded,  indent  8-655 

No.  217. 

in.  deep,  7-33  in.  diameter; 

plate  cracked  in  rear  ;   shot 

much  cracked. 

1013 

,, 

,  , 

100-125 

1012-0 

711-0 

724-8 

Shot  rebounded,  indent  4   in. 

deep,  7-1  in.  diameter  ;  plate 

cracked  in  rear. 

1011 

100-pr.  sroootb- 

15-437 

104-125 

8-87 

1254-0 

1135-4 

1135-4 

Clean  hole  through  plate,  and 

l«)r«'. 

3  ft  3  in.  into  earth. 

1026 

7-toch    M.    L, 

13-500 

100-312 

6-92 

1131-0 

889-7 

885-8 

Clean  hole  through  plate  ;  shot 

No.  217. 

struck  and  broke  support  of 

wood  1  ft.  square,  and  fell  in 

rear.     Same  plate  as  1000, 

1004,  1010. 

1   •  - 

7-inch  B.  L.      . 

12-000 

110-000 

6-88 

1090-0 

906-2 

906  2 

Just  penetrated  the  plate  ;  2  ft 

into  earth.     Brow  n's  steel. 

765 

6-3-inch  M.  L.  . 

13-875 

35-562 

6-22 

1829-0 

824-9 

819-3 

Just  penetrated  the  plate;  Ijft 

into  loose  earth. 

1009 

,, 

10-500 

70-875 

,, 

1270-0 

792-7 

819-3 

See  above.    Did  not  penetrate  ; 

base  3|  in.  out 

Mi 

6S-pr.   smooth- 

16-000 

72-000 

7-91 

1365-0 

930-2 

930-2 

Indent  2-  8  in.;   plate  cracked 

bore. 

behind.    Firth  steeL    Minute 

14,082. 

1010 

6-3-inch  M.  L.  . 

9-812 

106-562 

6-22 

996-0 

733-0 

731-5 

Stuck  in  plate. 

It  appears  from  these  Tables,  round  1008,  that  a  6'22-in.  projectile  is  ./us*  able  to  penetrate  a 
5J-in.  plate,  with  a  work  on  impact  of  about  825  foot  tons ;  and  assuming  that  the  resistance  of 
the  plate  varies  as  the  square  of  its  thickness,  we  shall  have  the  following  proportion  to  determine 
the  work  necessary  to  penetrate  a  4J-in.  plate  with  the  same  projectile ;  that  is 
5-5'-  :  825  : :  1-52  :  x,  and  x  =  552  foot  tons. 
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Experiments  against  4£-in.  unbacked  plates,  under  similar  conditions  to  those  detailed  in  the 
experiments  agamet  5J-m.  plates  : — 

TABLE  D.— ABSTRACT,  SHOWING  THE  RESULTS  OF  EXPERISIENTS  CARRIED  OUT  AGAINST  4-5-iNCH 
UNBACKED  PLATES  TO  DETERMINE  THE  RELATIVE  PENETRATING  EFFECT  OF  PROJECTILE 
THE  SAME  DIAMETER  AND  FORM  OF  HEAD,  BUT  so  VARYING  IN  WEIGHT  AND  VELOCITY  THAT 

THE   VIS  VIVA  ON   IMPACT   WAS   CONSTANT. 

Date  of  Experiment,  13/3/66.  Brand  of  Powder,  Rifle  L.  o.  8/7/64.     Lot  805. 


Approxi- 

Photo- 

. 

Calculated 

mate 

graphic 
Number 
of 
Round. 

Num- 
ber of 
Plate. 

Charge. 

Weight  and 
Length  of 
Projectile. 

Observed 
Velocity 
at  220 
Feet. 

Velocity 
on  Impact 
at 
300  Feet. 

Wi# 

Effects  with  Hemispherical-headed  Steel 
Projectiles  of  6-22-in.  Diameter,  fired  from  the 
Service  64-pr.  M.  L.  Gun  of  6-  3-in.  calibre. 

2fif 
in  Foot 
Tons  on 

Impact. 

Ibs. 

feet. 

feet. 

1047 
1158 

1 

6-69 
6-63 

63-87  Ibs. 
8  -42  in. 
63-87  Ibs. 

1121-2 
1128-3 

1112-2 
1119-3 

547-8 
554-8 

Just  penetrated.    Shot  rebounded  about  6  yards; 
length  of  shot  8-05  in.    Preliminary  round. 
Just  penetrated  ;  broke  plate  behind  in  the  usual 

8'42  in. 

manner  ;  shot  rebounded  4  ft.  ;  length  of  shot 

7-92  in.;  diameters  of  hole  6  X  6-25  in. 

1159 

1 

,, 

70-94  Ibs. 

1077-7 

Miss.    Struck  support  of  plate,  and  glanced  08 

9-3  in. 

into  the  earthwork. 

1160 

1 

6-09 

106-19  Ibs. 

864-1 

860-5 

545-2 

Through  plate,  breaking  away  rear  in  the  usual 

13-39  in. 

manner.    Shot  fell  2  It.  in  rear  ;  length  of  ihot 

12-92  in.  ;  diameters  of  hole  6-75  x  7-5  in. 

1161 

1 

7-87 

35  -50  Ibs. 

1483-6 

1460-0 

524-7 

Stuck  in  plate,  breaking  it  away  behind;   shot 

6-22  in. 

almost  through. 

1162 

2 

8-00 

35-56  Ibs. 

1506-7 

1482-4 

541-8 

Just  penetrated  ;  broke  plate  behind  in  tlie  usual 

6-22  in. 

manner;  shot  rebound  d  4  ft.  ;  diameter  of  shot 

6-32  in.;  diameters  of  hole  6'  4  X  6'5  in. 

1163 

2 

6-63 

70-94  Ibs. 

1069-2 

Miss.  Struck  support,  and  glanced  into  earth  work. 

9-  3  in. 

* 

1164 

2 

i>  ? 

63-81  Ibs. 

1107-1 

1098-2 

533-6 

Almost  penetrated  ;  broke  away  plate  behind  over 

8-42  in. 

an  area  of  1  ft.  by  1  ft.    Shot  rebounded  5  ft. 

9  in.    Indent  4-35  in.  ;  length  of  shot  7-88  in. 

Plates  X11L,  XIV. 

1165 

2 

6-06 

106  -62  Ibs. 
13-39  in. 

861-3 

857-7 

543-9 

Stuck  in  plate,  breaking  it  away  at  back  something 
more  than  round  1164  ;  shot  almost  through. 

1166 

3 

,  , 

,  , 

863-1 

859-5 

546-2 

Through  plate.     Shot  turned  over  and   entered 

earthwork  to  a  depth  of  1  ft.  ;  length  of  nbot 

18-96  in. 

1167 

3 

8-00 

'    35-50  Ibs. 

1509-2 

1484-9 

542-8 

Made  a  bole  clean  through,  but  shot  remained 

6*22  in. 

sticking  in  the  plate,  projecting  as  much  in  rear 

as  in  front. 

On  examining  this  Table  it  appears  that  all  the  projectiles  but  one  struck  with  "work" 
slightly  under  that  which  was  required,  viz.  552  foot  tons ;  and  that  542  tons  is  only  just  capable 
of  piercing  a  4  •  5-in.  plate.  Thus  in  most  instances  the  shot,  after  penetration,  rebounded,  and 
fell  in  front  of  the  plate,  showing  that  they  had  expended  almost  their  entire  force  in  the  penetra- 
tion. As  552  tons  was  calculated  on  data  supplied  by  a  shot,  round  1008,  which  penetrated,  ami 
had  some  little  force  left  in  it,  it  is  to  be  expected  that  a  force  of  542  tons  should  act  as  it  did.  It 
appears  that  a  reduction  of  two  ounces  in  the  charge,  and  consequent  diminution  of  "  work  "  to 
525  foot  tons,  was  sufficient  to  prevent  complete  penetration,  round  1161,  although  it  apparently 
required  but  a  small  blow  with  a  hammer  to  separate  the  piece  of  plate  at  the  back  of  the  point 
struck.  As  this  effect  was  produced  by  the  shot  moving  with  the  highest  velocity,  it  ia  a  con- 
vincing proof  that,  with  steel  shot,  the  penetration  is  not  proportional  to  a  higher  power  than  the 
square  of  the  velocity. 

From  these  experiments  the  following  practical  conclusions  maybe  drawn  when  the  project!].  •* 
are  fired  direct : — An  unbacked  wrought-iron  plate  will  be  perforated  with  equal  facility  by  solid 
steel  shot,  of  similar  form  of  head,  and  having  the  same  diameter,  provided  they  have  the  same 
vis  viva  on  impact ;  and  it  is  immaterial  whether  this  vis  viva  be  the  result  of  a  heavy  shot  and 
low  velocity,  or  a  light  shot  and  a  high  velocity,  within  the  usual  limits  of  length,  and  so  on,  which 
occur  in  practice.  An  unbacked  iron  plate  will  be  penetrated  by  solid  steel  shot^of  the  same  form 
of  head  but  different  diameters,  provided  their  striking  vis  viva  varies  as  the  diameter,  nearly,  that 
is,  as  the  circumference  of  the  shot.  That  the  resistance  of  unbacked  wrought-iron  plates  t<> 
absolute  penetration  by  solid  steel  shot  of  similar  form  and  equal  diameter,  varies  aa  the  square  of 
their  thickness,  nearly. 

These  experiments  have  proved  that,  although  in  the  case  of  cast  iron  a  light  projectile  moving 
with  a  high  velocity  will  indent  iron  plates  to  a  greater  depth  than  a  heavier  projectile  with  a 
low  velocity,  but  equal  "work,"  it  is  not  as  necessary  that  there  should  be  a  high  velix-ity  \\lii'ii 
the  projectiles  are  of  a  hard  material,  such  as  steel  and  chilled  iron ;  and  this  result  will  !»•  much  in 
favour  of  rifled  guns,  by  enabling  them  to  prove  effective  with  comparatively  moderate  charge* 

Putting  these  results  in  an  algebraic  form,  and  taking  the  units  as  the  pound  and  the  foot, 

W»-2 

-^  =  2irRA6»,  [1] 

where  W  =  weight  of  shot  in  Ibs.,  v  =  velocity  on  impact  in  feet,  g  =  the  force  of  gravity, 
2  R  =  diameter  of  shot  in  feet,  b  =  thickness  of  unbacked  plate  in  feet,  k  =  a  coefhVi.  nt  depending 
on  the  nature  of  the  wrought  iron  in  the  plate,  and  the  nature  and  form  of  head  of  the  shot. 

The  shot  is  supposed  to  be  of  the  best  quality  of  steel,  and  the  plate  of  the  best  quality  o 
wrought  iron. 

K   _' 
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Solving  equation  [1]  for  6, 
and  for  4, 


6  =  v 


\v .  i 


[2] 
[3] 


In  order  to  determine  i,  a  series  of  equations  can  be  formed  of  the  following  conditions : — 
A,  II .,  V  *  -  W,  r,*  =  0,        4  w  R,0  &»*  -  W,  t>,»  =  0,         4  »  R,0  6s  A  -  W,  t>,3  =  0,        &c.  &c.  Ac. 
Substituting  the  experimental  values  of  the  different  quantities,  and  eliminating  k,  it  will  be 
found  thut  tor  hemispherical-headed  shot  *  =  5,357,200. 

HikviiiLr  thus  determined  the  value  of  A,  the  work  necessary  to  penetrate  any  unbacked  plate 
of  given  thickness  can  be  calculated. 

Thus,  to  determine  the  work  required  to  just  penetrate  a  5f5-in.  plate,  with  a  hemispherical- 
hoaded  steel  shot  of  <>  '22  in.  diameter, 

R  =  3  11  in.  =  0-25917  ft.        b  =  5  5  in.  =  0  45833,        k  =  5,357,200 ; 
and  substituting  these  values  in  equation  [1], 
W  ••- 
-g—  =  1,832,522  Ibs.  =  818  foot  tons. 

It  will  be  seen  that  round  765,  consisting  of  a  spherical  shot  of  35  56  Ibs.  and  6 -22  in. 
diameter,  moving  with  a  velocity  of  1829  ft.,  and  consequent  work  of  825  foot  tons,  just  penetrated 
n  5'5-in.  plate.  This  work  is  practically  the  same  as  that  given  in  the  above  example,  as  a 
dinVrence  of  5  ounces  in  the  weight  of  the  shot  would  have  reduced  its  work  to  818  foot  ; 

ONiqitt  Fire.— Suppose  the  plate  set  at  an  angle,  or  the  gun  fired  obliquely  at  an  upright  plate. 
The  shot  has  then  n  tendency  to  glance  off,  and  continue  its  motion  in  a  new  direction. 

The  force  with  which  the  shot,  acting  obliquely,  will  strike,  is  to  that  with  which  it  would 
strike  if  acting  directly  ns  the  sine  of  the  angle  of  incidence  is  to  unity.  That  is,  the  shot 
striking  in  a  slanting  direction  may  be  supposed  to  have  opposed  to  it  a  plate  of  a  thickness  equal 
to  the  diagonal  formed  by  the  line  of  direction. 


TABLE   E. — SHOWING   THE 


RESULTS  OP   PRACTICE   WITH  STEEL   PROJECTILES   FIRED  AT  4 '5-INCH 
UNBACKED  PLATES,  PLACED  AT  AN  ANGLE. 


4 

CHARGE. 

PEOJKCTILE. 

§|L|| 

1 

TAW  ST. 

Oat, 

J 

«s  . 

i    j 

1 

»!> 

CD  ~  -  — 

OBSERVED  EFFKCT& 

•5 

.£ 

*s 

I!  |*S  I 

I! 

~-       o      "-    "    — 

O 

* 

£2    £".3     £ 

C 

s^ 

•»  '  d  ^    ®  »S  o 

Ibs.                             Ibs. 

in. 

feet. 

i 

4  '5-inch  un- 

70-pr. M.  i. 

14-0 

Rifle 

Cylin- 

70-0 

6-34 

1470-0     1049 

52-7 

Struck  centre  of  plate;    made 

backed  plate 

A-n:-t-   •,• 

L.O. 

drical 

an  indent  15  in.  long  and  7  in. 

at  an  angle 

MBp  t.t;..- 

steel 

broad,  and  a  bole  about  2  in. 

Of  380. 

gun. 

shot. 

square  through  the  plate.  Two 

large  pieces  were  torn  off  the 

back  of  the  plate  and  driven  to 

the  rear.     Shot  broke  up. 

* 

Made  an  indent  14  in.  long,  4}  in. 

deep,  and  6|  in.   broad  ;   plate 

cracked  through  and  opened 

out  at  hack,    from   which   a 

large  piece    was  torn.    .Shot 

broke  up. 

3 

Made  an  indent  14  in.  long,  7  in. 

" 

brood,  and  5j  in.  deep.    Baclc 

bulged  and  cracked  through. 

A  large  piece  of  the  back  torn 

3 

Unbacked  f- 

inch  plates 

Wall  piece 

drams. 
10 

Rifle 

F.  G. 

Cylin- 
drical 

0-344 

0-87 

1141 

3-105i 

1-136 

off.    Shot  broke  up. 
Indent  0'53-in.      I'late    bulged 
behind. 

placed  at 

steel 

.::...-.•   -   ..f 

shot 

60°. 

with 

. 

flat 

0 

head. 

3 

46 

,, 

Indent  0-  6S-in.  Bulged  as  before. 

3 

30 

Indent   0-50-in.     Slight    bulge 
behind. 

3 

10 

"'hind.  "  ' 

630 

2-5-Inch  plat« 
unbacked 
(upright). 

12-pr.  B.L. 
WbJtworth 
gun. 

Ibs. 
1-75 

Rifle 

L.O. 

Flat- 

h  -,.;.  i 
steel 

12-1 

C2-97 

}'- 

134-05 

14-64 

No  bulge  behind. 
Through  plate  and  into  earth- 
butt  behind. 

Shot 

,  , 

Do.  at  45° 

1  1 

dean   hole  through   plate   but 

" 

not  sufficient  to  admit  shot, 

which  rebounded. 

bole  through  ;  shot  fell  inside 

•• 

Do.  upright 

12-pr.  M.  L. 
Whitworth 

rso 

.. 

•• 

12-1 

» 

1120 

105-25 

11-49 

at  foot  of  plate.    Not  fair  hit 
Penetrated  plate. 

gun. 
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Equation  [1]  will  therefore  become    — —  =  — — 

2 a       •  sm?0    ' 


and  [2] 


6  =-v  sin.  0  Y/   - 


W 


[5] 


It  appears  from  this  that  the  resistance  of  the  plate  increases  as  the  value  of  6  diminishes. 

It  lias  already  been  shown  that  a  4  •  5-in.  unbacked  plate  when  fired  at  direct,  requires  a  force 
represented  by  28  foot  tons  per  inch  of  shot's  circumference  to  ensure  penetration. 

Suppose,  however,  that  the  plate  is  placed  in  such  a  position  that  it  makes  an  angle  of  38° 
with  the  ground.  From  equation  [4]  the  force  required  to  penetrate  it  in  this  position  amounts 
to  1445  foot  tons  for  a  shot  of  6  •  22  in.  diameter,  or  73  9  foot  tons  per  inch  of  shot's  circumference. 

An  experiment  of  this  nature  was  actually  tried  by  the  Armstrong  and  Whitworth  Committee. 
They  caused  4-5-inch  plates  to  be  set  up  at  an  angle  of  52  J  with  the  vertical,  and  fired  at  them 
from  200  yards'  distance  with  the  competitive  Armstrong  and  Whitworth  guns. 

Table  E  gives  the  results  of  this  experiment. 

It  appears  that  the  projectiles  were  solid  steel  shot  of  TOlbs.  weight  and  6-34  in.  diameter; 
that  they  struck  with  a  "work"  of  1049  tons,  or  52' 7  tons  per  inch  of  shot's  circumference,  and 
that  they  failed  to  pass  through,  although  the  plate  was  cracked  and  opened  at  the  back. 

In  all  these  experiments  it  is  to  be  observed  that  the  life  of  a  smooth-bored  gun  firing  charges 
of  \  the  spherical  steel  shot's  weight  will  be  more  than  equal  to  that  of  a  rifled  gun  firing  charges 
of  £,  if  the  guns  are  of  equally  good  construction.  Consequently,  that  the  work  done  by  the  smooth- 
bore in  these  examples  is  not  to  be  taken  as  absolute  proof  of  what  might  be  done  with  higher,  yet 
safe  charges. 


Figs.  286  to  301  exhibit  the  various  effects  of  projectiles  upon  armour-plates,  and  upon  armour- 
plates  backed  with  wood. 
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:;<vj  Hii.l  :W3  represent  a  cross-section  and  plan  of  the  armour-plated  British  vessels 
1  Warrior.' -Hliu-k  I'rmce," Defence,"  AH  ii He  •>.'  •  IJ.-Mstunee,' '  Hector,"  Valiant,' and  'Prince  Albert.' 
The  ship*  themselves  are  constructed  of  iron  plates.  J-in.  thick,  and  strengthened  by  iron  ribs 
at  interval*  of  is  in.  Outside  those  plates  arc  two  layers  of  teak-planking,  making  together  a- 
thickness  of  18  in.  Outside  the  planking,  rolled  iron  plates,  4J  in.  in  thickness,  are  placed,  and 
the  whole  structure,  is  strengthened  nn-1  hold  together  by  strong  iron  braces.  From  various 
experiment*  made  by  the  British  (Joveniment,  it  has  been  found  that  a  7-in.  muzzle-loading  gun, 
of  130  c\\t..  with  a  solid  shot  of  100  Ibs..  with  a  charge  of  25  Ibs.,  is  capable  of  piercing  the  side  of 
the  '  Warrior '  up  to  a  range  of  GOO  yards. 

Tin-  loo-|M>utidcr  Huootli-lN.ro  gvn,  !)-in.,  of  125  cwt.,  with  a  solid  spherical  steel  shot  of  104  Ibs., 
and  251lw.  eoUM  is  not  capable  •  >('  piercing  the  '  Warrior'  at  any  distance  over  100  yards. 

The  i»  --'-in  rilled  gun,  of  1U  tons,  \\itli  a  solid  elongated  steel  shot  of  221  Ibs.,  and  charge  of 
44  Ibs.,  i*  oaptil-le  of  piercing  the  •  Warrior'  up  to  2000  yards.  The  10'5-in.  rifled  gun,  of  12  tons, 
witha  solid  elongated  steel  shot  of  801  Ibs.,  and  charge  of  45  Ibs.,  is  capable  of  piercing  the  'Warrior' 
up  to  a  raniro  of  'J(KH)  yards.  All  these  assertions  of  piercing  at  long  ranges,  for  example  at 
2000  yards,  are  given  from  calculation,  not  from  actual  experiment,  and  ignore  the  angle  at  which 
the  shot  must  strike,  owin^  to  its  trajectory  at  these  ranges.  The  American  15-in.  gun,  of  22  tons, 
with  a  spherical  steel  shot  of  IS4  Ibs.,  and  a  charge  of  50  Ibs.,  is  capable  of  piercing  the  '  Warrior' 
up  to  a  range  of  500  yards.  The  American  smooth  bore  1 1-in.  and  9-in.  guns,  fired  with  solid  spherical 
steel  shot  and  their  maximum  charges,  are  not  capable  of  piercing  the  '  Warrior '  at  any  range. 
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Figs.  304  and  305  are  a  cross-section  and  plan  of  the  '  Minotaur,'  'Agincourt,'  and  '  Northumber- 
land.' The  inner  skin  of  these  vessels  is  the  same  as  that  of  the  '  Warrior."  The  backing  consists 
of  9  in.  of  teak,  and  is  covered  outside  with  plates  5J  in.  thick.  This  armour-plating  is  fastened 
by  three  rows  of  heavy  coned  bolts,  most  of  whicli  pass  through  all  the  skins.  A  strip  of  iron 
1-25  in.  thick  is  fastened  in  rear  at  the  junction  of  the  plates.  The  rest  of  the  construction  is 
similar  to  that  of  the  '  Warrior.' 

From  experiments  made  on  a  target  of  this  construction,  the  results  obtained  were  nearly  the 
name  as  those  obtained  from  the  '  Warrior '  target. 

Figs.  306  and  307  show  the  construction  of  the  '  Bellerophon '  target,  a  is  a  plate  6  in.  thick, 
forming  the  exterior  covering,  which  is  followed  by  a  10-in.  backing  of  teak,  worked  longitudi- 
nally on  the  skin-plating,  between  the  angle-iron  stringers,  and  bolted  with  nut  and  screw  bolts 
through  the  skin-plating.  The  latter  is  composed  of  two  thicknesses  of  f-in.  plating,  with  a  layer 
of  painted  canvas  between.  The  target  is  shown  in  the  figure  as  it  was  erected  for  the  purpose  of 
experiment,  supported  by  the  Fairbairn  target,  so  as  to  resemble  the  conditions  of  a  ship's  side  as 
nearly  as  possible.  This  target  was  not  subjected  to  a  severe  test :  the  most  severe  blow  it  was 
subjected  to  being  from  the  10'5-in.  rifled  gun,  with  a  spherical  stee1  shot  of  165  Ibs.,  and  charge 
of  35  Ibs. 

This  shot  failed  to  penetrate  the  target ;  but  there  is  no  evidence  to  prove  that  the  10  •  5-in. 
gun  would  not  have  penetrated  with  a  charge  of  50  Ibs. 

308  and  309  are  a  cross-section  and  plan  of  the  British  men-of-war  '  Lord  Warden '  and 
'  Lord  Clyde."  The  frame-timbers  of  these  ships  are  of  English  oak,  12£  in.  thick,  and  are  connected 
by  iron  diagonals  6  in.  by  1 J  in.  The  inner  planking  is  of  the  best  English  oak,  8  in.  thick,  and 
is  covered  with  an  iron  skin  of  1$  in.  The  outer  teak-planking  has  a  thickness  of  10  in.,  and  the 
armour-plate  protecting  it  of  4J  in.  The  bolts  sustaining  the  armour-plates  are  2J  in.  in  diameter ; 
their  heads  press  against  iron  washers,  which,  in  their  turn,  rest  upon  india-rubber  washers  let  into 
the  timber. 

From  the  tests  to  which  this  target  was  subjected,  it  may  be  concluded  that  the  7-in.  muzzle- 
loading  rifled  gun,  fired  with  a  solid  elongated  steel  shot  of  100  Ibs.,  and  charge  of  25  Ibs.,  is  not 
capable  of  piercing  the  'Lord  WTarden'  at  any  range.  The  9'22-in.  rifled  gun,  of  12  tons,  fired 
with  elongated  steel  shot  of  221  Ibs.,  and  44  Ibs.  charge,  is  capable  of  piercing  the  '  Lord  Warden ' 
up  to  a  range  of  100  yds. 

Figs.  310  and  31 1  show  a  target  representing  the  construction  of  the  French  ironclads  '  La  Gloire ' 
and  '  La  Flandre,'  both  of  which  are  wooden  ships  protected  by  armour-plates  placed  in  four  rows. 
The  dimensions  of  the  plates  forming  the  two  upper  rows  are  5  ft.  9  in.  by  2  ft.  7  in.,  thickness 
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4|  m,  and  of  the  two  lower  rows  o  ft.  9  m.  by  2  ft.  5  in.,  thickness  5A  in. ;  inner  plankin»  6  in    out- 
side  p  anking  10  m.    1  his  target  was  completely  pierced  by  a  259iL.  cylindrical  eh Hod irt-to 
projectile,  shot  from  a  9  22  in.  wrought-iron  rifled  gun  weighing  12  ton^  with  a  charC  o?30  lfc 


A  spherical  steel  shot  weighing  73  '80  Ibs.,  fired  from  the  68-pounder  smooth-bore  with  a  charge 
of  16  Ibs.,  penetrated  the  armour,  driving  the  piece  into  the  backing,  and  making  an  indent  of 
5' 7  in. 

Figs.  312  and  313  show  a  target  representing  the  construction  of  the  armour  of  the  'Herculea.' 
The  upper  half  of  this  structure  is  faced  with  u  wrought-iron  plate  9  in.  thick,  and  the  lower  half 
with  a  similar  plate  8  in.  thick.  These  plates  are  backed  with  12  in.  of  teak,  resting  against  a 
skin  of  two  f-in.  plates.  The  whole  is  secured  to  iron  ribs,  10  in.  deep,  with  vertical  teak  timber 
worked  in  between  them.  Behind  these  ribs  are  two  linings  of  horizontal  teak  timlx-r  18  in  deep, 
confined  by  7-in.  iron  ribs  inside  all,  and  an  inside  iron  skin.  The  armour-plates  nro  secured  by 
3-in.  bolts.  The  total  thickness  of  the  target,  exclusive  of  the  7-in.  ribs,  is  at  the  top  51 J  in., 
and  at  the  bottom  47J  in.  A  13-in.  muzzle-loading  rifled  gun,  of  23  tons,  with  a  charge  of  JOO  lb«., 
and  an  ogival-headed  chilled  shot  weighing  577-5  Ibs.,  struck  the  8-in.  plate,  and  pawed  through 
the  target.  Another  shot,  weighing  580 '5  Ibs.,  from  the  same  gun,  with  a  similar  charge,  struck 
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the  8-in.  plate,  and  penetrated  the  target  to  a  depth  of  22  in.  No  shot  appears  to  have  penetrated  the 
tMn.  plate,  the  greatest  effect  being  an  indent  of  8  27  in.  in  the  plate. 
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Figs.  314  and  315  show  a  section  and  plan  of  the  so-called  8-in.  shield,  constructed  to  test  the 
effect  of  different  kinds  of  projectiles  made  of  steel  or  of  chilled  cast-iron.  This  target  was  con- 
structed of  8-in.  armour-plate,  backed  by  18  in.  of  teak  and  a  f-in.  iron  skin,  secured  to  iron  ribs  12  in. 
apart.  The  object  of  this  experiment  was  to  obtain  a  shield  sufficiently  strong  to  resist  or  keep  out 
•teel  projectiles  of  250  Ibs.,  fired  at  200  yds.  from  the  9-in.  muzzle-loading  rifled  gun  with  43  Ibs. 
of  powder,  the  head  of  the  projectile  being  ogival,  struck  with  a  radius  of  one  diameter. 

The  results  of  the  experiments  upon  this  target  w£re,  that  it  was  proof  against  all  projectiles 
when  fired  at  obliquely ;  that  it  was  not  penetrated  when  fired  at  direct,  except  by  the  Palliser 
chilled  projectile,  which  completely  pierced  the  target.  They  proved  that  a  pointed  projectile 
7'92  in.  diameter  can  cut  a  hole  in  an  8-in.  plate,  provided  it  strike  with  the  necessary  work. 

Laminated  Armour. — Laminated  armour  consists  of  a  number  of  thin  plates  bolted  together,  so 
as  to  form  a  shield  of  a  certain  total  thickness,  which  depends  on  the  number  and  individual  thick- 
nesses of  the  plates  employed.  This  description  of  iron-plating  has  been  extensively  used  in 
America,  on  account  of  its  cheapness  and  facility  of  construction ;  it,  however,  offers  much  less 
resistance  to  shot  than  solid  plating,  at  any  rate  while  placed  in  close  superposition. 
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For  experiments  on  this  subject  the  targets  were  composed  as  follows : 

No.  1  Target  consisted  of  seven  f-in.  wrought-iron  plates,  all  breaking  joint,  faced  with  a  1-5  in 

wrought-iron  plat£,  the  whole  fastened  together  by  H-in.  rivets  and  screws,  8  in  apart 
The  target  measured  12  ft.  x  9  ft.  x  6  in.,  and  was  fixed  to  an  upright  wooden  frnni<- 
No.  2  Target  was  composed  of  thirteen  |-in.  plates,  faced  with  a  2-in.  plate,  and  he-cured  and 

supported  in  a  similar  manner  to  No.  1.    The  target  measured  12  ft.  x  9  ft.  x  10£  in. 

TABLE  F.— SHOWING  THE  EFFECTS  OF  FIRE  AGAINST  LAMINATED  ARMOUR. 
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41  1 
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rear  considerably  bulged  and 
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" 

" 
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991 

45-7 

Clean  through  target,  making  • 
hole  13  x  13-5   in.  In   front 
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gated 

41   1 
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cast- 
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iron. 
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f  t 

110-0  !  69     1140       991 
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Indent  2-35  in.;  rear  of  plates 

rifled. 

cracked  and  bulged. 
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68-pr.  s.  B. 

16 

L.O. 
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66-5     7  91  1380       8 

78 

35-3 

Indent  3-  15  in.  ;  as  before. 

cal  cast-             ; 

iron. 

i 

•• 

Indent  3  in.  ;  as  before. 

From  these  results  it  appears  that  laminated  armour  is  considerably  weaker  than  solid  armour. 
Thus  a  4-in  solid  plate  "would  have  effectually  stopped  all  the  projectiles,  whereas  they  easily 
penetrated  6  in.  of  laminated  plates. 

Fig.  316  represents  Chalmers'  system  of  armour-plating.  A  target  upon  this  system,  which  had 
a  3f-in.  armour-plate,  a  compound  backing,  a  second  plate  and  a  cushion,  with  stringers  running  at 
right  angles  to  the  ship's  frames,  between  the  second  plate  and  the  skin,  the  stringers  being 
riveted  to  the  latter,  when  fired  at  with  steel  and  cast-iron  projectiles  from  the  following  guna, — 
68-pounder  smooth-bore,  with  cast-iron  shot  and  shell,  16  Ibs.  charge ;  100-pounder  Armstrong,  with 
cast-iron  shot  and  shell,  12  and  14  Ibs.  charges ;  300-pounder  Armstrong,  with  cast-iron  spherical 
shot,  50  Ib.  charge ;  and  lastly,  with  solid  steel  shot,  301  Ibs.,  from  a  300-pounder  Armstrong,  with 
45  Ibs.  charge, — proved  that  this  system  of  backing  affords  great  support  to  the  armour-plait-*,  and 
prevents  their  distortion  from  buckling.  It  is  also  of  considerable  advantage  in  adding  ntr«-n.L'th 
and  resisting  power  to  the  structure,  and  no  other  target  designed  for  naval  purposes  haa  resisted 
BO  great  a  weight  of  shot  with  so  little  injury. 


316. 


311 


Fig.  317  is  a  sketch  of  tl:e  armour  applied  to  the  vessel  'Glattou.'    It  consist*  of  12-in.  (il«tct 
backed  by  18  to  20  in.  of  teak  upon  an  iron  skin  2  in.  thick. 
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Tho  armour  used  in  vessels  of  the  large  'Monitor'  type  is  shown  in  Fig.  318,  and  is  formed  of 
15-in.  plaUw,  backed  by  '2  ft.  i;  in.  of  teak  upon  two  iron  skins,  shown  at  x,  each  1  in.  in  thickness. 

Catt-irv*    Projtctiut    a*  ... 

compared  iriM  Stttl  of  the 
*uw  8iu  and  Ann.— Tho 
difference  between  tho 
effects  of  east-iron  and  steel 
fii"t  ii|Min  armour-pin 
luixnt  marked.  Tho  latter 
material  is  the  nearest  ap- 
pnwi'h  to  |>erfeet  hardness 
and  cohesion  at  present  in 
use,  and  the  amount  of  irorA 
expen.l. ••!  «n  the  shot  is  less 
with  steel  than  any  other 
known  material.  With  or- 
dinary cast-iron,  a  large 
amount  of  «w*  is  expended 
in  breaking  up  the  projectile 
and  hurling  tho  fragments 
in  all  directions ;  but  when 
-hot  are  manufactured 
in  the  best  manner,  little 
vwk  is  expended  on  the 
projectile;  and  in  one  instance  a  12-pounder  Whitworth  steel  shot  was  of  such  perfect  material. 
that  after 'passing  through  2J  in.  of  solid  iron  its  temperature  was  apparently  unaltered.  Several 
experiments  have  been  made  with  a  view  of  ascertaining  the  amount  of  work  lost  by  the  breaking 
up  of  cast-iron,  alteration  of  form  in  steel  shot,  and  so  on. 

The  following  Table  shows  the  absolute  thickness  of  plate  which  can  be  penetrated  by  cast-iron 
shot  fired  from  various  guns  with  service-charges.  The  guns  were  at  a  distance  of  100  yds.  from 
the  plates,  with  the  exception  of  the  68-pounder,  which  was  at  200  yds. 
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16 
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As  before. 

bore. 

'     It   »  .l-t- 

Iron  shot 

If  the  results  given  by  this  Table  are  compared  with  the  effect  of  steel  projectiles,  it  will  appear 
that  the  cast-iron  shot  requires  about  2£  times  the  work  of  the  steel  shot  to  effect  the  same  pene- 
tration, except  when  the  velocity  of  the  cast-iron  shot  is  high. 

Here  observe  that  the  distance  of  the  68-pounder  was  double  that  of  the  other  guns,  and  that 
being  a  cast-iron  68-pounder,  it  was  fired  with  a  weak  charge  compared  to  what  it  would  have  stood 
had  it  been  a  modern  smooth-bored  wrought-iron  gun,  in  which  case  the  charge  should  have  been 
24  Iba.,  the  velocity  1700  ft.  per  second  at  100  yards'  range. 

TABLE  H. — SHOWISO  THE  DIFFERENCE  BETWEEN  THE  EFFECTS  PRODUCED  BY  CAST-IRON  AND 
STEEL  SHOT  WHEN  FIRED  AT  IKON  PLATES. 
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It  will  be  seen  that  it  is  almost  useless  to  fire  cast-iron  projectiles  against  iron  defences,  if 
penetration  is  required.  As  steel  is  a  most  expensive  material  for  shot,  and  it  has  been  proved  that 
chilled  iron  is  almost  as  Rood  as  steel,  chilled  iron  will  most  probably  be  the  generally  used 
material  for  projectiles  for  battering  purposes. 

The  proper  form  of  front  or  head  to  be  given  to  hardened  projectiles  has  been  a  matter  of  much 
dispute.  It  has  been  found  in  practice,  however,  that  the  pointed  form  is  tho  best.  The  flat- 
headed  or  round-headed  shot  punches  out  a  piece  of  the  armour-plate,  Figs.  319,  320,  and  drives  it 
into  the  backing  ;  the  shot  has  no  means  of  ridding  itself  of  this  piece  of  armour-plate,  and  hat  to 
push  it  in  front  of  it  through  the  backing.  Thus  in  targets  penetrated  by  flat-headed  or  round- 
headed  shot  it  has  always  been  found  that  the  piece  of  armour-plate  has  passed  through  the  tanjet  alonj 
with  the  shot. 

319.  321. 


323. 


the  backing  without  carrying  any  jagged  armour  i 
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The  following  Table  K,  gires  the  results  of  sonic  late  experiments,  which  clearly  show  the 
great  «u|H-ri»>rity  of  tho  pointed  li> 

In  thi-M-  ex|M>riiiifiit*  both  steel  shot  an<l  Palliser's  chilled  shot  and  shell  were  used.  All  the 
projectiles  were  fired  from  the  same  gun,  under  the  same  circumstances,  the  velocity  of  each  nminl 
being  observed.  The  targets  consisted  of  a  structure  representing  the  side  of  an  iron-clad  vessel, 
protected  by  solid  plates  of  (5  in.  thickness,  backed  by  18  in.  of  teak,  an  iron  skin  of  two  i-in. 
plates,  the  luunl  in>n  rid.-.  A  second  target,  of  unbacked  i'5-in.  plates,  inclined  at  an 

angle  of  ::s  \\ith  tin-  ground,  was  erected  at  the  same  distance. 

The  projectiles  were  of  a  mean  weight  of  1 15  Ibs.,  and  of  the  following  forms  of  head : — 

F»r  1'alliscr's  Chilled  I 

1.  ( >_-i\:il  liea.l,  .-truck  with  a  radius  of  one  diameter,  and  brought  to  a  point. 

2.  Belgian  form,  head  struck  with  a  radius  of  1--17  diameter,  and  pointed  in  the  shape  of 
*  cone. 

3.  Klliptical,  the  height  of  the  ellipse  being  equal  to  the  diameter  of  the  projectile. 

For  Steel  Shot. 

1.  Hemispherical. 

2.  Ogival  head,  struck  with  a  radius  of  one  diameter,  and  brought  to  a  point. 
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lit) 

Chilled  shot. 

f  f 

Struck    fair    between    two    ribs; 

Belgian 

penetrated  the  target  completely 

head. 
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plate  at  rear  of  box. 

1198 

Hemispheri- 

115-0 

6  92 

1380-0 

1518-6 

69  85 

Struck  on  rib.     Shot  penetrated 

cal-beaded 

plate,  and  lodged  in  the  backing; 

steel  shot, 

total  indent  about  18  in  ;  rib  at 

12-0  in. 

back  cracked,  and  forced  back 

slightly. 

1301 

1371-0 

1498-9 

68  95 

Struck  fair  between  two  ril*.  Shot 

penetrated  the  plate,  and  lodged 

in  the   backing;    total   indent 

about  14-5  in. 

1175 

4-5-in.   unbacked 

Jf 

Chill.d, 

115-0 

69 

1339 

1432-0 

66  06 

Struck  fair  ;  made  a  jagged  hole 

plates,    inclined 

BeMM 

1    ft    long,  and  a   small   bole 

at  an  angle  of 

bead. 

through  the  plate.    Shot  broke 

38°    with    the 

14-79  in. 

into  pieces. 

ground. 

1303 

f  t 

Jt 

' 

Chilled  shell. 

115-5 

1349 

1457-4 

67-23 

Struck   fair   between    two   ribs; 

Ogival  head. 

penetrated   the  target,  bursting 

15-6  in. 

and  setting  fire  to  the  backing. 

;:  ;. 

,  , 

,  , 

,, 

,, 

,  , 

115-0 

,  f 

1346 

1444-7 

66  65 

Struck  full  on  a  rib  ;  burst  in  the 

backing  ;  rib  broken,  and  inner 

skin  bulged  and  cracked. 

1176 

tt 

n 

ti 

tf 

Chilled. 

115-19 

1339 

1432-C 

66-06 

Struck  fair  ;  penetrated  the  plate. 

Ogival  bead, 

Shot  broke  to  pieces. 

13-86  in. 

1178 

f  B 

it 

f  t 

f  , 

113-0 

1372 

1475-0 

68-04 

Struck  fair  ;  penetrated  the  plate. 

Shot  broke  into  pieces. 

118* 

,, 

,, 

1« 

,, 

,, 

113-5 

6-9 

1253 

1235-6 

57-00 

Struck  top  of  plate,  scooping  out 

a  hole  4i  in.  deep.    Shot  broke 

to  pieces. 

1183 

•• 

•• 

•• 

» 

Steel. 

0--iv.il  h-ad, 

1U-0 

6-92 

1240 

1215-4 

55-91 

Struck  on  edge   of  former  hit; 
scooped  out  a  piece  of  plate,  and 

13-25  in. 

glanced  off.    Shot  broke. 

1184 

,, 

ff 

Chilled, 

114-0 

6-9 

1277 

1289-0 

59-47 

Struck  fair;  scooped  a  hole  11  X 

Ogival  head. 

6i  in.,   and  about  2  in.    deep. 

13-86  in. 

Shot  broke  to  pieces. 

ARMOUR. 
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The  experiment*  against  iron-plated  targets  seem  to  demonstrate  the  superiority  of  elongated 
orer  spherical  projectile*,  when  tho  shot  or  shell  are  mini.-  ••!'  a  liurdened  material. 

The  principal  objections  to  the  spherical,  as  compared  with  the  elongated  form,  may  bo 
TOiiim-nited  as  follows:— Tho  form  is  ill  adapted  for  penetration,  either  in  the  case  of  steel  or 
rhilU-d  iron  pn>|.  .-til. •.-.  whieh  require  a  iwinted  cylindrical  form  to  develop  their  full  power.  The 
diameter  Ix-iiig'lanrer  in  pro|x>rticni  to  the  weight,  the  projectile  experiences  a  greater  resistance, 
l««th  from  the  air  in  its  flight  and  from  the  plate  on  its  impact.  The  range  and  accuracy  is  con- 
sidernMy  inferior.  The  capacity  of  the  projectile,  as  a  shell,  is  much  less.  Elongated  projectiles 
have  been  found  to  be  less  liable  to  alter  their  shape  on  impact ;  and  the  cylindrical  form  is  much 
better  adapted  for  .steel  or  chilled  .-hells,  which,  as  spherical,  would  be  almost  worthless. 

Hut  it  in  to  be  remembered  that  neither  has  tho  target  been  fully  worked  out  as  a  scientific 
application  of  strength,  nor  have  any  satisfactory  experiments  been  made  as  to  the  effects  of  a 
dnl'ereiit  in< xle  i if  attaek  that  is.  that  which  would  rack  in  the  fullest  degree,  by  simultaneous 
Mows  a.'ninst  the  present  system  of  jH-netration  by  separate  shot.  And  this  is  the  more  impor- 
tant, since  no  great  naval  battle  has  been  decided  except  at  close  quarters,  where  range  and 
a.-.-uracy  are  thrown  aside,  and  the  victory  belongs  to  those  who  hit  hardest  at  short  ranges  with 
whole  broadsides  delivered  at  once.  Here  the  superior  velocity  obtainable  in  all  cases  with 

r'  -rical  shot,  up  to  800  yds.,  would  not  fail  to  give  more  work,  particularly  if  one-third  of  the 
'»  weight  of  powder  be  used  as  a  battering-charge,  which  may  well  be  done  in  modern  guns. 
See  AKIII  I.KRY. 

It  should  be  taken  into  account,  that  if  armour-plate  be  driven  in  or  penetrated  at  short 
ranges  by  even  spherical  shot,  shell  effects  follow, — the  pieces  of  armour-plate,  nuts,  splinters, 
Ac.,  doing  all  tnat  could  bo  expected  from  any  shell ;  and  that  at  long  ranges  all  shot  will  strike 
at  an  angle  with  the  horizontal,  and  any  shot  may  strike  the  deck  or  masts  even  more  probably 
than  the  aniK'iir-plate.  The  most  complete  armour  and  the  cheapest  that  a  ship  can  have  is  the 
power  of  .-inkinir.  so  as  to  expose  but  little  of  her  hull  out  of  water. 

1  i  _-«  ::•_'«.  :i'25, 326,  represent  the  construction  of  the  '  Buffalo '  and  the  'Tiger,'  ships  recently  built 
for  the  Dutch  Government ;  the  former  being  a  ram  and  monitor  combined,  and  the  latter  a  monitor. 
The  dimensions  of  the '  Buffalo '  are : —breadth  40  It.,  length  205  ft.,  depth  24  ft.,  tonnage  1472,  load- 
draught  15  ft.  6  in.  The  dimensions  of  the  '  Tiger '  are :— breadth  44  ft.,  length  187  ft.,  and  depth 
11  ft.  Gin.  Both  vessels  carry  turrets  of  the  same  construction  and  dimensions,  6  ft.  above  the 
upper  deck,  and  22  ft.  in  diameter ;  pierced  for  two  guns,  and  fixed  upon  a  circular  platform  upon 
the  main  deck.  This  platform  is  moved  by  means  of  machinery  similar  to  a  railway  turn-table, 
and  can  make  one  revolution  in  45  seconds.  The  wall  of  the  turret  consists  of  8-in.  plates  of 
malleable  iron,"  12  in.  of  teak,  nnd  1-in.  plates  of  wrought  iron,  making  a  total  thickness  of  21  in. 
of  the  8-in.  plates  is  14J  ft.  by  3  ft.,  and  forms  one-fifth  of  the  circle.  There  are  ten  of 
these  plates  in  each  turret ;  they  are  secured  to  teak-backing  by  nut  and  screw  bolts  with  "  elastic 
cup-washers."  In  the  •  Buffalo,'  Fig.  324,  a  low  wall  rises  out  of  the  deck :  it  is  of  the  same 
composition  and  thickness  as  the  turret,  the  bottom  of  which  it  surrounds,  and  which,  as  well  as 
the  turning  machinery,  it  protects.  The  outer  skin  of  the  vessel,  for  about  100  ft.  amidships,  is 
composed  of  6-in.  armour-plates,  tapering  off  to  4J  in.  forward  and  3  in.  aft,  laid  on  10  in.  of  teak 
amidships,  tapering  off  at  each  end  to  8  in. 

\V»rks  relating  to  Armour: — 'Report  of  the  Secretary  of  the  Navy  on  Armoured  Vessels,' 
Washington,  1864.  Norton  and  Valentine,  'Report  on  the  Munitions  of  War  at  the  Paris  Exhi- 
bition,' royal  8vo,  1868.  Dislere  Note,  '  Sur  la  Marine  des  Etats-Unis,'  8vo,  Paris,  1867.  Captain 
Noble's  '  Report  on  the  Penetration,  &c.,  of  Armour  Plates,'  fol.,  1866. 

See  also: — Humber's  'Record  of  Modern  Engineering,'  fol.,  1863.  'Revue  Maritime  et 
Coloniale.'  'Journal  of  the  Royal  United  Service  Institute.' 

ARRASTRE,  in  Gold-mining. 

ARRASTRE.  FB,,  Moulin  a  mulct  mexicain ;  GER.,  Mexicanische  Quartz  Miihle ;  ITAL.,  Aia  da 
quarzo ;  SPAN.,  Arrastre. 

The  arrastre  consists  of  a  circular  pavement  of  stone,  about  12  ft.  in  diameter,  on  which  the 
quartz  is  ground  by  means  of  two  or  more  large  stones,  or  mullers,  dragged  continually  over  its 
surface,  either  by  horses  or  mules,  but  more  frequently  by  the  latter.  The  periphery  of  the 
circular  pavement  is  surrounded  by  a  rough  kerbing  of  wood  or  flat  stones,  forming  a  kind 
of  tub  about  2  ft.  in  depth,  and  in  its  centre  is  a  stout  wooden  post,  firmly  bedded  in  the  ground, 
and  standing  nearly  level  with  the  exterior  kerbing.  Working  on  an  iron  pivot  in  this  central 
post  is  a  strong  upright  wooden  shaft,  secured  at  its  upper  extremity  to  a  horizontal  beam  by 
another  journal,  which  is  often  merely  a  prolongation  of  the  shaft  itself.  This  upright  shaft  is 
crossed  at  right  angles  by  two  strong  pieces  of  wood,  forming  four  arms,  of  which  one  is  made 
sufficiently  long  to  admit  of  attaching  two  mules  for  working  the  machine.  The  grinding  is 
performed  by  four  large  blocks  of  hard  stone,  usually  porphyry  or  granite,  attached  to  the  arms 
either  by  chains  or  thongs  of  raw  hide,  in  such  a  way  that  their  edges,  in  the  direction  of  their 
motion,  are  raised  about  an  inch  from  the  stone  pavement,  whilst  the  other  side  trails  upon  it. 
These  stones  each  weigh  from  300  to  400  Ibs.,  and  in  some  arrastres  two  only  are  employed,  in 
which  case  a  single  mule  is  sufficient  to  work  the  machine. 

Fig.  327  is  a  sectional  view  of  a  Mexican  arrastre,  in  which  A  is  the  upright  shaft ;  B,  arms 
to  which  mullers,  C,  are  attached ;  and  D,  the  central  block  of  wood  in  which  the  lower  bearing 
works. 

Some  of  the  arrastres  used  by  Mexican  gold  miners,  and  for  the  purpose  of  testing  the  value  of 
quartz  veins,  are  very  rudely  put  together,  the  bottom  being  made  of  unhewn  flat  stones  laid 
down  in  clay ;  but  in  a  well-constructed  arrastre,  intended  to  be  permanently  employed,  the  stones 
are  carefully  dressed  and  closely  jointed,  and,  after  being  placed  in  their  respective  positions,  are 
grouted  in  with  hydraulic  cement. 

The  charge  for  an  ordinary  arrastre  is  450  Its.  of  quartz,  previously  broken  into  pieces  of 
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about  the  size  of  pigeons'  eggs.  The  machine  is  now  set  in  motion,  a  little  water  boin<*  from  time 
to  time  added,  and  at  the  expiration  of  from  four  to  five  hours  the  quartz  has  become  r'educed  to  t 
finely-divided  state,  and  more  water  is 
added,  until  the  contents  of  the  arrastre 
1  assume  the  consistency  of  tolerably  thick 
cream.  Quicksilver  is  then  sprinkled 
over  its  surface  to  the  amount  of  1J  oz. 
for  every  ounce  of  gold  supposed  to  be 
contained  in  the  finely -divided  rock 
which  is  generally  known,  with  a  con- 
siderable degree  of  accuracy,  from  the 
results  obtained  from  previous  charges. 
The  grinding  is  after  this  continued  for 
another  two  hours,  during  which  time 
the  mercury  is  divided  into  minute 
globules,  and  becomes  disseminated 
throughout  the  mass,  which  should  be 
of  such  a  consistency  as  not  to  allow 
it  to  sink  to  the  bottom,  but  be  so  held 
in  suspension  as  to  meet,  and  amalga- 
mate with,  all  the  particles  of  gold.  At 
the  expiration  of  this  time  the  amal-  \ — t 

gamation  is  considered  complete,  and 

the  process  of  settling  the  amalgam  from  the  ground  silicious  matter  is  commenced.  Water  is 
now  let  into  the  paste  so  as  to  render  it  very  thin,  and  perfectly  mobile,  the  mules  being  driven 
very  slowly,  in  order  to  allow  the  particles  of  gold  and  amalgam  to  yield  to  the  influence  of 
their  densities,  and  to  sink  to  the  bottom.  After  having  in  this  way  slowly  agitated  the  mix- 
ture for  about  half-an-hour,  the  thin  mud  is  allowed  to  run  off,  leaving  behind  it,  in  the  bottom 
of  the  arrastre,  the  gold  combined  with  mercury  in  the  form  of  amalgam.  Another  charge  of 
broken  quartz  is  now  put  in,  and  the  operation  is  repeated,  time  after  time,  until  it  is  thought 
desirable  to  stop  for  the  purpose  of  cleaning  up.  In  the  roughly-constructed  arrastre,  having 
a  bottom  of  uncut  stones  laid  in  clay,  the  run  is  seldom  less  than  ten  days,  and  ia  sometimes 
extended  to  three  weeks  or  a  month.  In  this  case  the  amalgam  settles  in  the  crevices  between 
the  paving-stones,  which  have  to  be  dug  up,  and  all  the  sand  and  mud  between  them  care- 
fully washed.  If,  however,  the  machine  be  well  constructed,  and  provided  with  a  closely-paved 
bottom,  the  cleaning  up  is  more  frequently  repeated,  since  the  quicksilver  and  amalgam  do 
not  find  their  way  so  readily  between  the  stones,  but  remain  on  the  surface,  from  which  they  are 
easily  collected  in  an  iron  vessel,  for  subsequent  treatment  by  straining  and  retorting. 

The  arrastre  does  its  work  slowly,  and  consumes  a  large  amount  of  power  in  proportion  to  the 
quantity  of  rock  crushed,  but  is  an  excellent  amalgamator,  and  is  often  valuable  for  the  purpose  of 
testing  newly-discovered  veins,  and  ascertaining  their  approximate  yield.  It  is  also  the  arrange- 
ment most  commonly  adopted  by  a  miner,  who,  having  found  a  rich  pocket  in  his  vein,  is  desirous 
of  converting  a  portion  of  it  into  money,  and  of  ascertaining  whether  it  be  likely  to  continno 
productive,  before  incurring  the  expense  of  erecting  more  costly  and  complicated  apparatus.  A 
modification  of  the  arrastre  is  not  unfrequently  employed  for  the  treatment  of  pyrites  separated 
from  tailings  by  washing,  and  is  generally  considered  to  be  well  adapted  for  that  purpose. 
,  ARRIS.  FR.,  Arete;  GER.,  Kante;  ITAL.,  Spigolo,  R\sega ;  SPAN.,  Vivo,  arista. 

The  angle  formed  by  the  meeting  of  two  surfaces  which  are  not  in  the  same  plane.  Ip 
builders'  work  any  angle  which  retains  its  original  sharpness.  With  workmen  the  term  "arris" 
has  only  one  dimension,  that  of  length,  in  which  it  differs  from  the  word  "edge,"  which  usually  lias 
two  dimensions,  namely,  length  and  thickness.  The  junction  of  two  sides  of  a  square  stone  in 
called  its  arris,  but  the  side  of  least  dimensions  of  a  board  or  a  stone  slab  is  called  its  edge. 

ARRIS  FILLET.  FR.,  Nervure  angulaire;  GER.,  Scharf- 
kantiger  Vor sprung ;  ITAL.,  Corrente  triangolare  ,•  SPAN.,  Filcte  de 
arista. 

An  arris  fillet  is  a  slight  piece  of  timber,  triangular  in  sec- 
tion,  used  to  raise  the  slates  on  a  roof  where  they  are  cut  by 
a  chimney-shaft,  skylight,  or  wall,  when  it  cuts  the  slates 
obliquely ;  the  object  being  to  throw  off  the  wet  which  would 
otherwise  find  its  way  under  the  flashing.  See  FILLET. 

ARRIS  GUTTER.  FR.,  Gouttiere  angulaire ;  GER.,  Scharf- 
kantige  Dachrinne ;  ITAL.,  Goma  a  V  ;  SPAN.,  Gotera  de  forma  V . 

An  arris  gutter  is  a  gutter  formed  to  a  V -shape,  usually  of 
wood,  and  fixed  to  the  eaves  of  a  building. 

ARRIS  RAIL.  FR.,  Orniere  angulaire ;  GER.,  Kantenschiene ; 
ITAL.,  Regolo  triangolare ;  SPAN.,  Rail  de  forma  y. 

An  arm  rail,  in  carpentry,  is  a  rail  cut  to  a  triangular  sec- 
tion, and  when  fixed  to  posts,  as  Fig.  328,  shows  the  arris  in  front  with  an  oblique  surface  on  each 
side.     A  flat  rail,  or  one  with  a  rectangular  section,  would  be  called  a  riband,  if  used        jg, 
in  a  palisade. 

ARRIS- WISE.      FR.,   En  Diagonale ;    GER.,   Echcctsc ;   ITAL.,  A  sbieco;   SPAH., 
Diagonalmcnte. 

A  balk  or  piece  of  squared  timber  sawn  diagonally,  Fig.  329,  is  said  to  be  out 
"  arris-wise." 

In  bricklayers'  work,  tiles  laid  diagonally. 
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ARSENIC. 


ARSENIC.    FR..  Artcnic ;  GnL,  Arscnik ;  ITAL.,  Arsenico ;  SPAN.,  Arstnico. 

a  metal  of  a  steel-grey  colour,  and  brilliant  lustre,  though  usually  dull  from  tarnish. 
Thu  metal  in  usually  obtained  from  arsenious  acid,  and  the  latter  by  calcination  from  native 
anem'ureU,  such  aa  those  of  iron.  copper,  ami  other  im  tals.  ll.-nee  it  is,  in  most  cases,  a  secondary 
product.  Vi  t  iiiiu-li  of  tin-  nrsenioiiH  acid  of  commerce  is  manufactured  1'roiu  iron  pyrites,  which, 
»h.  11  the  iirx-u  :"1.  serves  no  other  purpose.  Arsenic  enters  as  an  important  agent 

into  nmiiy  brunches  ->t'  art,  and  is  a  useful  metal  in  forming  fusible  alloys. 

The  metal  ar><  nic  is  not  poisonous,  but  one  of  its  oxides  (arsenious  acid),  formed  by  its  com- 
|.<i-! i.'ii  in  nir,  i>  <  \tn  m<  !y  >•> ;  and  iu  operating  either  with  the  metal  or  the  acid  some  caution  is 
r«-<iuirtil  :ni  tin-  part  of  the  operator.  When  arscnious  acid  is  operated  on,  if  we  moisten  it,  the 
inhalation  of  tin  ilu.-t  is  prevented.  And  when  an  alloy  of  arsenic  is  melted  and  operated  on,  the 
vapours  of  the  iii'  tal  arc  made  harmless  when  the  operator  fills  his  mouth  with  grains  of  charcoal, 
renewin,'  tin m  from  time  to  time.  This  charcoal  will  absorb  any  arsenic  which  may  accidentally 
Otter  the  or-un.-  of  r«. -pi ration.  Arsenical  pyrites  is  the  common  ore  of  this  metal.  It  is  here 
combined  \\ith  iron,  silver,  gold,  bismuth,  and  antimony.  In  all  cases  of  its  application  in 
practice,  we  may  consider  the  arsenious  acid  as  the  only  ore;  and  as  this  is  obtained  as  a 
secondary  product  iu  the  calcination  of  cobalt  ores,  we  shall  include  the  description  of  its  manu- 
facture in  the  article  on  that  substance. 

The  arseuious  acid  of  commerce  is  white,  glassy  when  fresh,  but  generally  opaque  when 
brought  into  market  for  sale.  For  metallurgical  purposes  no  arsenious  acid  in  powder  ought  to  be 
used,  for  it  is  frequently  adulterated  with  gypsum  or  other  matter.  The  commercial  article  is 
always  more  or  less  perfectly  glassy  or  milky,  or  transparent  in  the  interior  of  the  fiat  pieces,  while 
on  the  exterior  it  appears  opaque;  it  is  generally  vitreous  throughout  its  whole  mass.  It  is 
slightly  soluble  in  water.  About  ten  parts  may  be  dissolved  in  boiling  water :  this  quantity, 
however,  depends  on  the  amount  of  acid  present.  Water  never  dissolves  the  whole  of  it,  even 

I  less  than  the  above  quantity  is  exposed  to  its  action;  it  will  dissolve  more  when  a  large 
quantity  of  acid  is  afforded.  Arsenious  acid  consists  of  75  8  metal,  and  24  •  19  oxygen.  It  sublimes 
in  open  vessels  at  380° ;  it  is  decomposed  by  hydrogen,  carbon,  sulphur,  phosphorus,  and  some 
metals,  such  as  lead,  iron,  silver,  &c. 

The  metal  arsenic  is  easily  obtained  pure  when  arsenious  acid  is  mixed  with  fatty  oil,  or  a 
compound  of  carbon  and  hydrogen,  or  finely-pulverized  soft  charcoal,  and  heated  gently  in  a  glass 
tube.  It  evaporates  at  356°,  and  is  therefore  easily  smelted,  and  the  metal  condenses  in  the 
cold  parts  of  the  heated  tube.  In  large  quantities  it  may  be  obtained  by  mixing  arsenious  acid 
with  coarse  charcoal-powder,  or  what  is  better  still,  culm — small  fragments  of  bituminous  coal — 
nml  exposing  it  in  a  large  crucible  to  a  red  heat.  This  crucible  is  covered  by  a  second  one,  as 
shown  in  Fig.  330,  and  well  luted ;  the  lower  pot  is  exposed  to  a  red  heat,  while  the  upper  one  is 
kept  cool.  The  metal  thus  formed  and 
evaporated  will  condense  in  the  upper  pot, 
from  which  it  is  easily  separated,  when 
cold.  The  same  operation  may  be  performed 
on  arsenical  pyrites,  without  carbon;  and 
the  metal  is  obtained  in  a  similar  manner. 
Iron,  nickel,  and  other  permanent  metals 
remain  in  the  lower  pot,  combined  with 
some  arsenic. 

The  metal  is  of  a  high  lustre,  and 
greyish-white;  its  specific  gravity  is  5 '70. 
Its  weight  and  lustre  increase  with  its 
purity.  It  evaporates  without  melting ;  and 
its  vapours,  which  smell  strongly  of  garlic, 
are  sometimes  confounded  with  those  of 
phosphorus.  Arsenious  acid  does  not  smell ; 
it  is  the  metal  only  which  emits  this  odour. 
It  is  not  ductile,  nor  malleable,  and  may  be 
converted  into  fine  powder  in  a  mortar.  It 
is  highly  combustible,  and  deflagrates  when 
either  mixed  or  heated  gently  with  salt-  ^^1 
petre. 

If  this  metal  in  its  pure  state,  is  of  little  interest  to  the  metallurgist,  its  nlloys  are  of  much 
value.  All  metals,  without  an  exception,  are  made  more  fusible  by  the  addition  of  arsenic ;  in 
some  instances  its  influence  is  remarkably  distinct.  The  alkaline  metals  combine  with  it  with 
great  facility,  even  when  it  is  simply  heated  with  the  oxides  of  those  metals — such  as  potassa  or 
soda.  It  requires  extreme  caution  to  operate  on  these  alloys ;  that  is,  on  those  of  the  alkaline 
mctala  and  arsenic,  because  they  decompose  rapidly  in  damp  air,  and  evolve  arseniuretted 
hydrogen—  a  virulent  poison — the  effect  of  which  resists  the  most  refined  skill  of  the  physician. 
In  combination  with  lead — in  shot— arsenic  is  harmless  ;  and  also  in  all  compounds  of  the  proper 
metals,  when  its  quantity  is  not  too  large.  Aluminum,  and  all  the  metals  of  this  class,  combine  very 
readily  with  arsenic.  In  fact,  all  metals  combine  easily  with  arsenic,  but  they  are  quite  as  easily 
decomposed.  The  decomposition  of  arsenical  alloys  is  effected  by  merely  continued  heat,  and,  with 
the  exception  of  silver,  in  a  short  time.  The  higher  the  degree  of  heat  is,  so  much  shorter  is  the 
time  in  which  the  act  is  accomplished.  When  it  is  desirable  to  retain  arsenic  in  the  composition, 
it  is  necessary  to  melt  the  metals  at  as  low  a  heat  as  possible.  The  combination  of  arsenic  with 
other  metals  is  as  easily  performed  as  the  decomposition.  Metallic  arsenic  and  lead  cannot 
be  combined  directly ;  but  when  melted  lead  is  covered  by  areenious  acid,  some  lead  is  oxidized, 
and  in  its  place  arsenic  Ls  absorbed.  In  the  same  manner,  other  metals,  which  melt  at  or  near  the 


AKTESIAN  WELL.  145 

heat  at  which  arsenions  acid  volatilizes,  may  be  combined  with  arsenic.  Iron  chromium.  Conner 
and  others,  cannot  be  alloyed  by  these  means,  but  they  may  be  effectually  combined  with  arsenic 
in  a  manner  described  m  our  articles  on  these  metals ;  and  there  is  no  doubt  that  all  alloys  of  thif 
kind  are  most  safely  and  correctly  compounded  by  that  manner— namely  cementing  the  metal 
directly,  or  their  oxides,  with  arsenious  acid  and  carbon,  at  a  heat  at  whicli  neither  the  refractory 
metals  nor  the  alloy  is  melted,  and  then  melt  the  alloy  thus  formed  at  the  lowest  heat  at  which 
it  will  dissolve  in  a  crucible,  with  tho  exclusion  of  oxygen ;  that  is,  under  a  cover  of  fusible 
glass. 

Alloys  of  arsenic  cannot  be  converted  into  vessels  in  which  food  for  men  or  animals  ia  pre- 
pared, but  it  finds  extensive  applications  in  other  cases;  and  when  its  properties  are  more 
thoroughly  understood,  it  will  be  still  more  generally  used.  In  virtue  of  its  property  of  causing 
the  fluidity  of  metals,  when  present  in  small  quantities,  it  promotes  the  union  of  those  metals 
which,  without  its  assistance,  do  not  unite.  Zinc  and  lead  do  not  unite  very  readily ;  but  with  the 
assistance  of  a  little  arsenic,  both  form  a  firm  combination.  Iron  has  no  affinity '  for  lead  but 
when  arsenic  is  present  it  forms  an  alloy  with  it.  Thus  we  may  form  combinations  which,  without 
the  assistance  of  arsenic,  cannot  so  easily  be  accomplished.  Iron  and  alumina  may  be  formed  by 
melting  grey-iron  and  pure  alumina  together ;  in  this  case  all  the  impurities  of  the  cast  iron  are 
in  the  compound.  When  pure  iron  filings  or  turnings  are  cemented  in  alumina,  areenious  acid, 
and  carbon,  and  then  melted  in  a  crucible  so  as  to  expel  the  arsenic,  an  alloy  of  iron  and 
aluminum  of  great  purity  is  formed,  which,  however,  contains  traces  of  arsenic. 

Arsenic,  like  antimony,  has  a  remarkable  tendency  to  cause  metals  to  crystallize ;  but  it  does 
not  make  quite  as  brittle  alloys  as  the  latter.  In  producing  a  high  degree  of  fluidity,  it  admits  the 
melting  of  metals  at  a  low  heat,  and  consequently  the  formation  of  small  crystals  and  fine  grain, 
and  enables  the  metals  to  contract  into  a  small  compass,  which  causes  them  to  be  close  and  to 
assume  a  high  polish.  With  the  closeness  of  grain,  the  hardness  and  brittleness  increases. 

Arsenic  causes  all  metals  to  be  whiter  than  they  naturally  are. 

ARTESIAN  WELL.  FB.,  Puits  art&ien ;  GEB.,  Artesischer  Brunnen ;  ITAL.,  Pozzo  artesiano  ; 
SPAN.,  Pozo  artesiano. 

An  artesian  well  is  a  shaft  sunk  or  bored  through  impermeable  strata,  until  a  water-bearing 
stratum  is  tapped,  when  the  water  is  forced  upwards  by  means  of  the  hydrostatic  pressure  due  to 
the  superior  level  at  which  the  rain-water  was  received. 

When  comparing  the  operations  and  tools  of  artesian  well-borers,  George  Rowdon  Burnell,  in  a 
paper,  given  in  the  Minutes  of  the  Institution  of  Civil  Engineers,  "  On  the  Machinery  Employed  in 
Sinking  Artesian  Wells  on  the  Continent,"  takes  three  systems,  namely, — the  Chinese,  or  Fauvelle's 
system;  the  French  well-borers',  or,  rather,  the  usual  well-borers'  system;  and  Kind's  system. 
Of  these,  the  system  of  Fauvelle  was  at  first  much  patronized  by  Arago  and  by  Dr.  Buckland, 
but  it  is  now  very  little  practised  on  the  Continent,  and  not  at  all  in  Great  Britain.  The  prin- 
ciples upon  which  it  was  founded  were,  first,  that  the  motion  given  to  the  tool  in  rotation  was 
simply  derived  from  the  resistance  that  a  rope  would  oppose  to  an  effort  of  torsion ;  and,  therefore, 
that  the  limits  of  application  of  the  system  were  only  such  as  would  provide  that  the  tool  should 
be  safely  acted  upon ;  and,  secondly,  that  the  injection  of  a  current  of  water,  descending  through 
a  central  tube,  should  wash  out  the  detritus  created  by  the  cutting  tool  at  the  bottom.  The 
difficulties  attending  the  removal  of  the  detritus  were  enormous;  and,  though  the  system  of 
Fauvelle  answered  tolerably  well  when  applied  to  shallow  borings,  it  was  found  to  be  attended 
with  such  disadvantages  when  applied  on  a  large  scale,  that  it  has  been  generally  abandoned.' 
The  quantity  of  water  required  to  keep  the  boring-tool  clear  is  a  great  objection  to  the  introduc- 
tion of  this  system,  especially  as  in  the  majority  of  cases  artesian  wells  are  sunk  in  such  place*  M 
are  deprived  of  the  advantage  of  a  large  supply. 

In  the  ordinary  system  of  well-boring,  the  motion  of  the  tools  used  for  the  comminution,  or  for 
the  removal  of  the  rocks,  is  effected  by  the  use  of  solid  iron  rods,  connected  with  the  upper  parts 
of  the  machinery,  so  that  the  weight  of  the  rods,  and  the  weight  of  the  tools  themselves,  increase 
in  proportion  to  the  depth  of  the  excavation.  It  follows  from  this  fact,  that  where  the  excavation 
is  very  deep,  there  is  considerable  difficulty  in  transmitting  the  blow  of  the  tool,  in  consequence 
of  the  vibration  produced  in  the  long  rod,  or  in  consequence  of  the  torsion ;  and,  for  the  same 
reason,  there  is  a  danger  of  the  blows  not  being  equally  delivered  at  the  bottom.  It  has  been 
attempted  to  obviate  this  difficulty  by  the  use  of  hollow  rods,  presenting  greater  sectional  area 
than  was  absolutely  necessary  for  the  particular  case,  in  order  to  increase  their  lateral  resistance 
to  the  blows  tending  to  produce  vibration.  The  trepan  is  made  so  as  to  fall  from  a  height  of 
2  feet,  but  the  disengagement  of  the  machinery  is  effected  by  the  reaction  of  the  column  of  \\utcr 
that  the  trepan  works  in.  The  majority  of  well-borers  have,  in  many  instances,  used  the  hollow 
rods  filled  with  cork,  or  with  similar  substances,  and  they  have  also  tried  the  EuyenhauBon  joint ; 
but  they  do  not  appear  to  have  made  so  much  use  of  Kind's  system  for  removing  the  products  of 
the  excavation,  and  they  more  frequently  resort  to  augers  and  chisels. 

The  first  well  that  was  executed  of  great  depth,  and  which  gave  rise  to  tho  adoption  of  tools 
which  directed  public  attention  to  the  art  of  well-boring,  was  that  for  the  city  of  Paris  by  Mulot, 
at  the  Abattoir  of  Grenelle.    This  was  commenced  in  the  year  1832;  and,  after  more  than  right 
years'  incessant  labour,  water  rose,  on  the  26th  of  February,  1842,  from  the  total  depth  of 
feet.    Subsequent  to  this,  many  wella  have  been  sunk  on  the  Continent,  with  the  hope  of  attaining 
the  brine  springs  so  often  met  with  in  the  Rhine  provinces,  or  the  springs  destined  for  the  supply 
of  towns,  and  which  are  even  deeper  thnn  the  well  of  Grenelle,  reaching  in  some  case*  to  the 
extraordinary  depth  of  2800  feet;  but  all  of  them,  like  tho  Grenelle  well,  of  email  dJMB 
their  construction,  however,  the  German  engineers  introduced  some  important  modifications  of 
tools  employed ;  and,  amongst  other  inventions,  Euyenhausen  imparted  a  sliding  movement  to  the 
striking  part  of  the  tool  used  for  comminuting  the  rock,  so  as  to  fall  always  through  a  certain  di» 
tance :  and  thus,  while  he  produced  a  uniform  action  upon  the  rock  at  the  bottom,  he  avoided 
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jar  of  the  tools.     Kind  also  l>o£nn  to  npply  his  syMi-in  to  the  working  of  the  large  excavations  for 
ir|"'>.'    >f  winning  --.^l      Whilst  tin-  art  \\:is  in  this  state,  ami  win  n  he  hu<l  already  executed 


(Jreii.-lle  well  being  only  20  centimetres,  8  in.  It  was  calculated  that  it  would  reach  the  water- 
bearing .-tr:itinu  at  nearly  the  Nimr  depth  as  tho  latter,  and  would  yield  8000  metres  or  10,000 
cubic  metres  in  21  hours,  or  nltout  l.TSt'./JK)  gallons  to  2,232,800  gallons  a-day. 

;.«  rations  wen-  undertaken  by  Kind  under  a  contract  with  the  Municipality  of  Paris,  by 
which  In-  bound  himself  to  compile  tho  works  within  the  space  of  twelve  months  from  the  date 
of  their  commencement,  and  to  deliver  tho  above  quantity  of  water  for  tho  Bum  of  300,00(1  Cranes, 
'  'i  tin'  'M>i  i if  May,  1857 — after  the  workmen  had  been  engaged  nearly  the  time  htijni- 
the  completion  of  tho  work,  and  when  tho  boring  had  been  advanced  to  the  depth  of 
it.  from  tho  surface — the  excavation  suddenly  collapsed  in  the  upper  strata,  at  aliont  100  ft. 
fmm  tin'  ground,  and  tilled  up  tho  bore.  Kind  would  have  been  ruined  had  the  engineers  of  this 
town  In  Id  him  to  tho  strict  letter  of  his  contract,  but  it  was  decided  to  behave  in  a  liberal 
manner,  and  to  release  him  from  it,  the  town  retaining  his  services  for  the  completion  of  the  well, 
aa  alao  the  right  to  uso  hid  patent  machinery.  The  difficulties  encountered  in  carrying  the  exca- 
vation through  tho  clays  of  the  upper  strata  were  found  to  be  so  serious  that,  under  the  new 
arrangement,  it  required  BIX  years  and  nine  months  of  continuous  efforts  to  reach  tho  water- 
.,'  stratum,  of  which  time  the  far  larger  portion  was  employed  in  traversing  tho  clay  beds. 
The  upper  part  of  this  well  was  finally  lined  with  solid  masonry,  to  tho  depth  of  1~>0  ft.  from  the 
•urfacc;  and  beyond  that  depth  tubing  of  wood  and  iron  was  introduced.  This  tubing  was 
continued  to  the  depth  of  1804  ft.  from  the  surface,  and  had  at  the  bottom  a  length  of  copper  pipo 
pi.  rc.-d  with  holes  to  allow  the  water  to  enter.  At  this  depth  the  compound  tubing  could  not  bo 
made  to  descend  any  lower,  but  the  engineers  employed  by  tho  city  of  Paris  were  convince!  that 
they  could  obtain  the  water  by  means  of  a  preliminary  boring ;  and  therefore  they  proceeded  to 
sink  in  the  interior  of  the  above  tube  of  3  2809  tt.  diameter,  an  inner  tube  2  ft.  4  in.  diameter, 
formed  of  wrought-iron  plates  2  in.  thick,  so  as  to  enable  them  to  traverse  the  clays  encountered 
at  this  zone.  At  last,  the  water-bearing  strata  were  met  with  on  the  24th  of  September,  1861,  at 
the  depth  of  1913  ft.  10  in.  from  the  ground-line;  the  yield  of  the  well  being,  at  the  first  stroke  of 
the  tool  that  pierced  the  crust,  15,000  cubic  metres  in  24  hours,  or  3,349,200  gallons  a-day ,  it 
quickly  rose  to  25,000  cubic  metres,  or  5,582,000  gallons  a-day ;  and  as  long  as  the  column  of  water 
rose  without  any  sensible  diminution,  it  continued  to  deliver  a  uniform  quantity  of  17,000  metres, 
or  3,795,000  gallons  a-day.  The  total  cost  of  this  well  was  more  than  40,000/.,  instead  of  12,000/., 
at  which  Kind  had  originally  estimated  it 

In  sinking  the  well  of  Passy,  the  weight  of  the  trepan  for  comminuting  the  rock  was  about 
1  ton  1U  cwt.,  1800  kilog. ;  the  height  through  which  it  fell  was  about  60  centimetres;  and  its 
diameter  was  3  ft.  3^  in.,  1  metre.  The  rods  were  of  oak,  about  8  in.  on  the  side,  and  the  dimensions 
of  the  cutting  tool  were  limited  to  3  ft.  3A  in.  because  it  worked  the  whole  time  in  water;  but 
gt -nerally  the  class  of  borings  Kind  undertook  were  of  such  a  description  as  justified  resorting  to 
tools  of  great  dimensions.  When  sinking  the  shafts  for  winning  coal,  his  operations  required  to 
be  carried  on  with  the  full  diameters  of  10  ft.  or  14  ft.,  and  he  then  drove  a  boring  of  3  ft.  4  in. 
diameter  in  the  first  instance,  and  subsequently  enlarged  this  excavation.  There  can  be  no 
objection  to  executing  artesian  borings  of  this  diameter,  other  than  the  probable  exhaustion  of  the 
supply;  particularly  as  it  is  now  known  that 
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the  yield  of  water  by  these  methods  is  propor- 
tionate to  the  diameter  of  the  column ,  though, 
strange  as  it  may  appear,  the  first  opposition  to 
Kind's  plan  of  sinking  the  well  of  Passy  was 
founded  upon  the  assumption  that  he  would 
not  meet  with  a  larger  supply  of  water  from  the 
euWretaceous  formations  than  had  been  met 
with  at  Crenelle,  where  the  diameter  of  the 
boring  was  at  the  bottom  not  more  than  8  in. 
It  is  now,  however,  proved  that  there  is  a 
direct  gain  in  adopting  the  larger  borings,  not 
only  as  regards  the  quantity  of  water  to  be 
derived  from  them,  but  also  in  their  execution, 
arising  from  the  fact  that  the  tools  can  be  made 
more  secure  against  the  effects  of  torsion  or  of 
concussion  against  the  sides  of  the  excavation, 
which  is  the  cause  of  the  most  serious  accidents 
met  with  in  well-sinking. 

The  trepan  of  M.  Kind  contains  some  pecu- 
liar details,  which  are  shown  in  Figs.  331,  332. 
The  trepan  is  composed  of  two  principal  pieces, 
the  frame  and  the  arms,  both  of  wrought  iron, 
with  the  exception  of  the  teeth  of  the  cutting 
part,  which  are  of  cast  steel.  The  frame  has  at 
the  bottom  a  series  of  holes,  slightly  conical, 
into  which  the  teeth  are  inserted,  and  tightly 
wedged  up,  Fig.  333.  These  teeth  are  placed  with  their  cutting  edges  on  the  longitudinal  axis  of 
the  frame  that  receives  them ;  and  at  the  extremity  of  the  frame  there  are  formed  two  heads, 
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forged  out  of  the  same  piece  with  the  body  of  the  tool,  which  also  carries  two  teeth,  plncod  in  tho 
same  direction  as  the  others,  but  double  their  width,  in  order  to  render  this  part  of 'the  t<».]  more 
powerful.  By  increasing  the  dimensions  of  these  end-teeth,  the  diameter  of  the  Win"  cnn  be 
augmented,  so  as  to  compensate  for  the  diminution  of  the  clear  space  caused  by  the  tehtnff 
necessarily  introduced  for  security  in  traversing  strata  disposed  to  fall  in,  or  for  the  purpose  of 
allowing  the  water  from  below  to  escape  at  an  intermediate  le\  d. 

Above  the  lower  part  of  the  frame  of  the  trepan  is  a  second  piece,  composed  of  two  parts  bolted 
together,  and  made  to  support  the  lower  portion  of  the  frame.  This  part  of  the  machinery  also 
carries  two  teeth  at  its  extremities,  which  serve  to  guide  the  tool  in  its  descent,  and  to  work  off 
the  asperities  left  by  the  lower  portion  of  the  trepan.  Above  this,  again,  are  the  guides  of  the 
machinery,  properly  speaking,  consisting  of  two  pieces  of  wrought  iron,  arranged  in  the  form  of  a 
cross,  with  the  ends  turned  up,  so  as  to  preserve  the  machinery  perfectly  vertical  in  its  movement- 
by  pressing  against  the  sides  of  the  boring  already  executed.  These  pieces  are  independent  of 
the  blades  of  the  trepan,  and  may  be  moved  closer  to  it  or  farther  away  from  it,  a«  may  be 
desired.  The  stem  and  the  arms  are  terminated  by  a  single  piece  of  wrought  iron,  which  is 
joined  to  the  frame  with  a  kind  of  saddle-joint,  and  is  kept  in  its  place  by  means  of  keys  and  wedge*. 
The  whole  of  the  trepan  is  finally  jointed  to  the  great  rods  that  communicate  the  motion  fan  the 
surface,  by  means  of  a  screw-coupling,  formed  below  the  part  of  the  tool  which  bears  the  joint ; 
this  arrangement  permits  the  free  fall  of  the  cutting  part,  and  unites  the  top  of  the  anna  and' 
frame,  and  the  rod,  Fig.  334.  It  has  been  proposed  to  substitute  for  this  screw -coupling  a  1 
joint,  in  order  to  avoid  the  inconvenience  frequently  found  to  attend  the  rusting  of  the  screw 
which  often  interposes  great  difficulties  in  oases  where  it  becomes  necessary  to  withdraw  the 
trepan.  Kind  introduced  some  modifications  in  the  trepans  employed  in  carrying  out  the  large 
borings  for  the  coal  mines  in  Belgium.  These  modifications  were  rendered  necessary  by  the  large 
dimensions  he  was  obliged  to  give  the  borings,  and  by  the  preliminary  use  of  a  smaller  trepan. 

The  sliding  joint  is  the  part  of  Euyenhausen'a  invention  most  unhesitatingly  adopted  by 
Kind,  and  it  is  one  of  the  peculiarities  of  his  system  as  contrasted  with  the  processes  formerly  in 
use.  So  long  as  his  operations  were  confined  to  the  small  dimensions  usually  adopted  for  artesian 
borings,  he  contented  himself  with  making  a  description  of  joint  with  a  free  fall ;  a  simple  move- 
ment of  disengagement  regulating  the  height  fixed  by  the  machinery  itself,  like  the  fall  of  the 
monkey  in  a  pile-driving  machine ;  but  it  was  found  that  this  system  did  not  answer  when  applied 
to  large  excavations,  and  it  also  presented  certain  dangers.  Kind  then,  for  the  larger  class  of 
borings,  availed  himself  of  eliding  guides,  so  contrived  as  to  be  equally  thrown  out  of  gear  when 
the  machinery  had  come  to  the  end  of  the  stroke,  and  maintained  in  their  respective  positions  by 
being  made  in  two  pieces,  of  which  the  inner  one  worked  upon  slides,  moving  freely  in  the  piece 
that  communicated  the  motion  to  the  striking  part  of  the  machinery.  The  two  parts  of  the  tool 
were  connected  with  pins,  and  with  a  sliding  joint,  which,  in  the  Passy  well,  was  thrown  out  of 
gear  by  the  reaction  of  the  column  of  water  above  the  tool  unloosing  the  click  that  upheld  the 
lower  part  of  the  trepan,  Figs.  335,  336,  337.  The  changes  thus  made  in  the  usual  way  of 


336. 


A 
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releasing  the  tool,  and  in  guiding  it  in  its  fall  were,  however,  matters  of  detail :  they  involved  no 
new  principle  in  the  manner  of  well-boring ;  and  the  modern  authorities  u|«'ii  th«-  nbjeol  < 
sider  that  there  was  something  deficient  in  Kind's  system  of  making  the  column  of  wut.-r  not  upon 
a  disc  by  which  the  click  was  set  in  motion.    This  system,  in  fart,  required  the  premie 
column  of  water,  not  always  to  be  commanded,  especially  when  the  borings  had  to  bo  exea 
the  carboniferous  series. 

The  rods  used  for  the  suspension  of  the  trepan,  and  for  the  taMBUMOl  Of  UN  D 
were  of  oak ;  and  this  alone  would  constitute  one  of  the  most  characteristic  differences  I 
system  of  tools  introduced  by  Kind  and  those  made  by  the  majority  of  weU-bonn,  M  v 
the  disengagement  of  the  tool  intended  to  comminute  the  rock,  depended  for  itn  «...-.-,• 
boring  being  filled  with  water.    The  resistance  that  the  wood  offers,  by  its  elasticity,  K 
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effects  of  any  sudden  jar,  is  also  to  be  taken  into  account  in  the  comparison  of  the  latter  with 
iron,  fur  tin  iron  i*  liable  to  change  its  form  under  the  influence  of  this  cause.  The  resistance  to 
an  effort  of  torsion  need  not,  however,  be  much  dwelt  on,  for  the  turn  given  to  the  trepan  ia 
always  made  when  the  tool  i*  lifted  up  from  its  bod.  For  the  purpose  of  making  the  rods,  Kiml 
r.  '.  iided  1  :  -::  .  '-  '  A  '<  '  •  •  -.  '  '  I :  '  '"'  -'j'li-i:.  •  .1  i:un.  t.-r.  fit.  -1,1,1  ],..  .,  1,  ,.t,  ,1.  rat  !,.-r  than 
that  they  should  be  made  of  cut  timber,  as  there  is  less  danger  of  the  wood  warping,  and  the 
character  of  the  wood  is  more  homogeneous.  He  generally  used  these,  trees  in  lengths  of  about  50 
feet,  and  he  connected  them  at  the  ends  with  wrought-iron  joints,  fitting  one  into  the  other,  Kiu'. 
838.  The  ironwork  of  the  joints  is  made  with  a  shoulder  underneath  the  screw-coupling,  to  allow 
the  rod*  to  bo  suspended  by  the  ordinary  crow's-foot  during  the  operation  of  raising  or  lowering 
them.  In  the  works  executed  at  Passy  there  was  a  kind  of  frame  erected  over  the  centre  of  the 
boring,  of  sufficient  height  to  allow  of  the  rods  being  withdrawn  in  two  lengths  at  a  time,  thus 
producing  a  considerable  economy  of  time  and  labour. 

All  the  processes  yet  introduced  for  removing  the  products  of  the  excavation  must  be  consi- 
dered to  be,  more  or  less,  defective,  because  all  are  established  on  the  supposition  that  the 
comminuting  tool  must  be  withdrawn,  in  order  that  the  spoon,  or  other  tool  intended  to  remove 
the  products  of  the  working  of  the  comminutor,  may  be  inserted.  This  remark  applies  to  Kind's 
operations  at  Passy  and  elsewhere,  as  he  removed  the  rock  detached  from  the  bottom  of  the  exca- 
vation by  a  spoon,  Figs.  339,  340,  which  was  a  modification  of  the  tool  he  invariably  employs  for 
this  purpose.  It  consisted  of  a  cylinder  of  wrought  iron,  suspended  from  the  rods  by  a  frame,  and 
fastened  to  it,  a  little  below  the  centre  of  gravity,  so  that  the  operation  of  upsetting  it,  when 
loaded,  could  be  easily  performed.  This  cylinder  was  lowered  to  the  level  of  the  last  workings  of 
the  trepan,  and  the  materials  already  detached  by  that  instrument  were  forced  into  the  tool,  by 
the  gradual  movement  of  the  latter  in  a  vertical  direction.  Some  other  implements,  employed  by 
Kind  for  the  purpose  of  removing  the  products  of  the  excavation  in  the  shafts  for  the  coal-mines 
of  the  North  of  France,  were  ingenious,  and  well  adapted  to  the  large  dimensions  of  the  shafts; 
hot  they  were  all,  in  some  degree,  exposed  to  the  danger  of  becoming  fixed,  if  used  in  the  small 
borings  of  artesian  wells,  by  the  minute  particles  of  rocks  falling  down  between  their  sides  and 
the  excavation  from  above.  Their  use  was  therefore  abandoned,  and  the  well  of  Passy  was 
cleared  out  with  the  spoon,  the  bottom  of  which  was  made  to  open  upwards,  with  a  hinged  flap, 
which  admitted  the  finer  materials  detached  by  the  trepan.  There  were  also  several  tools  for  the 
purpose  of  withdrawing  the  broken  parts  of  the  machinery  from  the  excavation,  or  whatever  sub- 
stances might  fall  in  from  above ;  and  all  were  marked  by  a  great  degree  of  simplicity,  but  they 
did  not  differ  enough  from  those  generally  used  by  well-borers  for  the  same  purposes  to  merit 
further  remarks.  In  fact,  the  accidents  intended  to  be  guarded  against  or  remedied  are  so  pre- 
cisely alike  in  all  cases,  that  there  can  be  little  variety  in  the  manufacture  of  these  instruments. 
But  O.  R.  Burnell  believed  that  Kind  deprived  himself  of  a  valuable  appliance  in  not  using  the 
ball-clack,  la  toupape  a  boulet,  that  other  well-borers  employ,  Fig.  341.  The  took  used  by  Mulct, 
Laurent,  Dru,  and  other  French  well-borers,  are  admirably  adapted  for  the  extraction  of  the 
materials  from  excavations  of  small  diameter,  but  would  be  of  no  avail  if  applied  to  the  well  of 
Passy.  They  seem  to  have  been  designed  for  wells  which  rarely  exceed  the  diameter  of  that 
executed  at  Grenelle. 


338. 


339. 


342. 


343. 


340. 


At  Passy,  great  strength  was  given  to  the  head  of  the  striking-tool,  and  to  the  part  of  the 
machinery  applied  to  turn  the  trepan,  because  the  great  weight  of  the  latter  superinduced  the 
danger  of  its  breaking  off  under  the  influence  of  the  shock,  and  because  the  solidity  of  this  part 
of  the  machinery  necessarily  regulated  the  whole  working  of  the  tool.  The  head  of  the  "  assem- 
blage "  was  connected  with  the  balance-beam  of  the  steam-engine  by  a  Vaucanson  chain,  with  a 
screw-coupling,  admitting  of  being  lengthened  as  the  trepan  descended,  Figs.  342,  343.  The 
balance-beam,  in  order  to  increase  its  elastic  force  in  the  upward  stroke,  is  in  Kind's  works  made  of 
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wood,  in  two  pieces ;  the  upper  one  being  of  fir  and  the  lower  one  of  beech.  The  whole  of  the 
machinery  is  put  in  motion  by  steam,  which  is  admitted  to  the  upper  part  of  the  cvlinder  and 
presses  it  down,  and  thus  raises  the  tool  at  the  other  end  of  the  beam  to  that  part  in  conm'rtiou 
with  the  cylinder.  The  counterpoise  to  the  weight  of  the  tools  is  also  placed  ujxm  the  cylinder- 
end  of  the  beam.  The  cylinder  receives  the  steam  through  ports  that  are  opened  and  closed  by 
hand,  like  those  of  a  Nasmyth's  hammer  which  was  invented  by  Robert  Wilson,  of  Patricroft  •  BO 
that  the  number  of  the  strokes  of  the  piston  may  be  increased  or  diminished,  and  the  len<nh  of 
the  strokes  may  be  increased,  as  occasion  may  require. 

Thp  balance-beam  is  continued  beyond  the  point  where  the  piston  is  connected  with  it,  and  it 
goes  to  meet  the  blocks  placed  to  check  the  force  of  the  blow  given  by  the  descent  of  the  tool 
The  guides  of  the  piston-head  are  attached  to  the  part  of  the  machinery  that  acta  in  tins  maiiiu -r  • 
but  at  Passy,  Kind  made  the  balance-beam  work  upon  two  free  plummer-blocks,  or  blocks  having 
no  permanent  cover,  that  they  might  be  more  easily  moved  whenever  it  was  necessary  to  displace 
the  beam,  for  the  purpose  of  taking  up  or  letting  down  the  rods,  or  for  changing  the  tools ;  for  the 
balance-beam  was  always  immediately  over  the  centre  of  the  tools,  and  it  therefore  had  to  be 
displaced  every  time  that  the  latter  were  required  to  be  changed.  This  was  effected  by  allowing 
the  beam  to  slide  horizontally,  so  as  to  leave  the  mouth  of  the  pit  open.  The  counter-check, 
above  mentioned,  likewise  prevented  the  piston  from  striking  the  cylinder-cover  with  too  great  a* 
force  when  it  was  brought  back  by  the  weight  of  the  tools  to  its  original  position.  The  oj^ration 
of  raising  and  lowering  the  rods,  or  of  changing  the  tools,  was  performed  at  Passy  by  a  separate 
steam-engine,  and  the  spoon  was  discharged  into  a  special  truck,  moving  upon  a  railway  expressly 
laid  for  this  purpose  in  the  greq,t  tower  erected  over  the  excavation.  All  these  arrangements  were 
in  fact  made  with  the  extreme  attention  to  the  details  of  the  various  parts  of  the  work  which 
characterizes  the  proceedings  of  foreign  engineers,  and  conduces  so  much  to  their  success. 

The  beating,  or  comminution  of  the  rock,  was  usually  effected  at  Passy  at  the  rate  of  from 
fifteen  strokes  to  twenty  strokes  per  minute.  The  rate  of  descent,  of  course,  differed  in  a  marked 
manner,  according  to  the  nature  of  the  rock  operated  upon ;  but,  generally  speaking,  the  trepan 
was  worked  for  the  space  of  about  eight  hours  at  a  time,  after  which  it  was  withdrawn,  and  the 
spoon  let  down,  in  order  to  remove  the  detritus.  The  average  number  of  men  employed  in  tho 
gang,  besides  the  foreman,  or  the  superintendent  of  the  well,  was  about  fourteen :  they  consisted 
of  a  smith  and  hammerman,  whose  duty  it  was  to  keep  the  tools  in  order;  and  two  shifts  of  men 
intrusted  with  the  excavation,  namely,  an  engine-driver  and  stoker,  a  chief  workman,  or  sub- 
foreman,  and  three  assistants.  The  total  time  employed  in  sinking  the  shafts  executed  upon  this 
system  in  the  North  of  France,  where  it  has  been  applied  without  meeting  with  the  accidents 
encountered  in  the  Passy  well,  was  found  to  be  susceptible  of  being  divided  in  the  following 
manner :  from  25  per  cent,  to  56  per  cent-  was  employed  in  manoeuvring  the  trepan ;  from  11  per 
cent,  to  14J  per  cent,  in  raising  and  lowering  the  tools;  from  19  per  cent,  to  21  per  cent,  in  remov- 
ing the  materials  detached  from  the  rocks,  and  cleaning  out  the  bottom  of  the  excavation ;  and 
from  8  per  cent,  to  10£  per  cent,  was  lost,  owing  to  the  stoppage  of  the  engines,  or  to  the  accidents 
from  broken  tools,  or  to  other  causes  always  attending  these  operations.  In  the  well  of  Passy 
there  was,  of  course,  a  considerable  difference  in  the  proportions  of  the  time  employed  in  tho 
various  details  of  the  work ;  and  the  long  period  occupied  in  obviating  the  effects  of  the  slips 
which  took  place  in  the  clays,  both  in  the  basement  beds  of  the  Paris  basin  and  in  the  aub-cretA- 
ceous  strata,  would  render  any  comparison  derived  from  that  well  of  little  value ;  but  it  would 
appear  that,  until  the  great  accident  occurred,  the  various  operations  went  on  precisely  as  Kind 
had  calculated  upon. 

The  essential  difference  between  the  systems  of  Kind  and  those  of  the  ordinary  woll-borers 
appears  to  consist  in  the  use  of  a  trepan  of  considerable  diameter,  falling  through  a  certain  height ; 
mid  in  the  rods  of  oak,  working  in  water,  which  were  thus  easily  counterbalanced.    All  the  other 
tools  employed  are  in  point  of  fact  quite  irrespective  of  the  merits  of  the  various  proceasea.    Tho 
advantages  of  these  inventions  would  be  very  great,  provided  the  well  were  sunk  in  such  circum- 
stances as  would  allow  of  its  being  worked  under  water ,  and  the  results  of  the  Passv  boring 
demonstrated  that  these  inventions  had  a  real  existence,  for  the  accidents  attending  that  work 
were  such  as  might  have  been  expected  in  the  copse  of  boring  artesian  wells.    It  inay  be  ques- 
tioned whether  the  engineers  of  the  town  were  justified  in  passing  the  contract  with  Kind  to 
finish  the  work  within  the  time,  and  for  the  sum  at  wliich  he  undertook  it ,  but  they  certainly 
treated  him  with  kindness  and  consideration,  in  allowing  him  to  conduct  the  work  at  the  expense 
of  the  city  of  Paris,  for  so  long  a  period  after  the  expiration  of  his  contract.    It  aeenia,  however, 
that  the  French  well-borers  could  not  at  the  time  have  attempted  to  continue  the  well  njxm  nny 
other  system  than  that  introduced  by  Kind;  that  is  to  say,  upon  the  HppMtttM  that  it  nhould  U> 
completed  of  the  dimensions  originally  undertaken.    The  patent  has  now  expired,  and  the  pro 
cesses  he  introduced  have  consequently  been  open  to  the  imitation  of  all  the  world,  and  no  doubt 
they  will  be  adopted  by  the  French  well-borers.    Experience  has  ehown,  in  fact,  that  this  detail 
was  badly  executed  at  the  well  of  Passy.     The  masonry  lining  was  introduced  aft<  r  hi*  contra 
had  expired,  and  when  he  had  ceased  to  have  the  control  of  tho  works,  the  wrmight-in.u  Wing 
at  the  lower  part  of  the  excavation  being  a  subsequent  idea.    It  has  followed  from  this  dff 
system  of  tubing— the  wood  necessarily  yielding  in  the  vertical  joints— that  the  vnt.T 
upward  passage  escaped  through  the  joints,  and  went  to  supply  the  basement  l>edn  of  l! 
basin,  which  are  as  much  resorted  to  as  the  London  sand  beds  for  an  artesian  npply;  .' 
fact,  the  level  of  the  water  has  been  raised  in  the  neighlxniring  wells  by  the  quantity  Mi 
below,  and  the  yield  of  the  well  itself  has  been  pro)>ortionally  diminished,  nntd 
450,000  gallons  per  day.    That  the  increased  yield  of  the  neighbouring  wells  is  to  be 
for  by  the  escape  of  the  water  from  the  artesian  boring  is  additionally  proved  by  the  tenijK-r 
of  the  water  in  them ;  it  is  found  to  be  nearly  823  Fah.,  or  nearly  that  observed  in  the  water. 
Passy.    This  was  an  unfortunate  complication  of  the  bargain  made  between  Kind  and 
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eipal  Conncil ;  but  it  in  no  respect  affects  the  choice  of  the  boring  machinery,  which  seems  to  have 
complied  with  all  the  conditions  it  was  designed  to  meet.  The  descent  of  the  tubes  and  their 
nature  ought  to  have  been  the  subject  of  special  study  by  the  engineers  of  the  town,  who  should 
hare  known  the  nature  of  tin-  strata  to  be  traversed  better  than  Kind  could  be  supposed  to  do, 
and  should  have  insisted  upon  the  tubing  being  executed  of  cast  or  wrought  iron,  so  as  effectually 
to  resist  the  passage  of  the  water.  At  any  rate,  this  precaution  ni-lit  to  have  been  taken  in  the 
portion*  of  the  well  carried  through  the  basement  beds  of  the  Paris  basin,  or  through  the  lower 
members  of  the  chalk  and  the  upper  greensand.  It  may  also  bo  observed  that  a  remarkable 
change  baa  been  noticed  in  conneetioii  with  the  subterranean  disturbances  which  have  lately 
i  place  in  France.  The  water  in  this  well  is  at  those  times  rendered  thick,  cloudy,  and 
totally  untit  for  human  consumption.  The  discolouration  of  the  water,  however,  is  not  dependent 
upon  this  cause,  but  is  owing  to  the  strata  through  which  the  boring  passes  being  washed  out, 
which  is  in  iUu'lf  a  serious  objection  to  the  use  of  the  water  of  this  well. 

The  system  applied  by  Dru  is  worthy  of  attention,  not  so  much  on  account  of  the  novelty  of 
the  invention,  or  of  any  new  principle  involved  in  it,  as  on  account  of  the  contrivances  it  contains 
for  the  application  of  the  tool,  "a  chute  libre"  or  the  free-falling  tool,  to  artesian  wells  of  large 
diameters.  It  has  been  already  explained,  that  under  Kind's  arrangements  the  trepan  was 
thrown  out  of  gear  by  the  reaction  of  the  water  which  was  allowed  to  find  its  way  into  the 
column  of  the  excavation ;  but  that  it  is  not  always  possible  to  command  the  supply  of  the  quan- 
tity necessary  for  that  purpose;  and  even  when  possible,  the  clutch  Kind  adopted  was  so  shaped 
as  to  be  subject  to  much  and  rapid  wear.  Dru,  with  a  view  to  obviate  both  these  inconveniences, 
made  his  trej»an  in  the  manner  shown  in  Fig.  33o,  in  which  it  will  be  seen  that  the  tool  was 
gradually  raised  until  it  came  in  contact  with  the  fixed  part  of  the  tipper  machinery,  when  it 
was  thrown  out  of  gear.  The  bearings  of  the  clutch  were  parallel  to  the  horizontal  line,  and 
were  found  in  practice  to  be  more  evenly  worn,  so  that  this  instrument  could  be  worked  sometimes 
from  eight  days  to  fourteen  days  without  intermission ;  whereas,  on  Kind's  system,  the  trepan  was 
frequently  withdrawn  after  two  days'  or  three  days'  service.  Another  great  recommendation  of 
Dru's  system,  if  applied  in  cases  where  water  is  scarce,  is  that  there  is  no  necessity  for  a  column  of 
water  with  the  trepan ;  but  in  all  other  essential  respects  the  details  of  his  machinery  are  the  same 
as  those  employed  by  Kind,  who  must  be  considered  to  have  advanced  the  science  of  well-boring 
by  the  introduction  of  timber-rods,  the  manner  of  balancing  them,  and  by  the  use  of  the  trepan, 
all  of  which  were  first  applied  at  the  artesian  boring  of  Passy,  and  enabled  it  to  be  executed  in 
a  comparatively  short  space  of  time.  The  tools  introduced  by  Dru  and  other  modern  well-borers 
are  doubtlessly  better  fitted  for  the  artesian  borings  of  small  diameter,  and  for  such  as  are  free 
from  water  from  the  upper  strata ;  but  the  advantage  ceases  when  these  conditions  are  reversed. 

The  nature  and  depths  of  the  different  strata  bored  through  in  sinking  an  artesian  well  at 
Kentish  Town,  London  are  shown  in  Fig.  344 ;  Fig.  345  shows  the  nature  and  extent  of  the 
strata  that  were  met  in  boring  the  artesian  well  at  Passy,  Paris ;  and  Fig.  346,  in  a  similar 
manner,  exhibits  the  range  and  nature  of  the  strata  perforated  in  boring  the  artesian  well  at 
Crenelle,  to  which  we  have  so  often  referred. 

We  take  an  account  of  some  recent  operations  in  artesian  well-boring  by  M.  Dru,  of  Paris, 
from  a  paper  read  by  him  at  the  Conservatoire  des  Arts  et  Metiers,  Paris,  6th  June,  1867,  and 
published  in  the  '  Proceedings  of  the  Institute  of  Mechanical  Engineers.' 

The  artesian  wells  at  present  sunk  in  the  tertiary  formation  of  the  Paris  basin,  Fig.  347,  range 
in  size  generally  from  about  8  in.  down  to  2  in.  diameter,  with  a  depth  of  about  230  to  350  ft. 


Geological  Section  from  Niort  to  Verdun,  through  the  Paris  basin. 


Horisontal  scale,  90  miles  the  inch. 
Vertical  scale.  1500  feet  the  «*•*. 


The  bore-hole  is  usually  lined  with  copper,  in  order  to  make  the  wells  water-tight  and  bring  the 
water  to  the  surface  without  loss.  These  works  often  present  considerable  difficulties  in  their 
execution,  from  the  frequent  changes  in  the  nature  of  the  ground  passed  through,  and  from  the 
impediments  that  are  so  often  encountered  in  driving  the  tubes  through  the  beds  of  sand  and  clay. 
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Borings  of  a  much  greater  depth  and  larger  size  are  now  in  process  of  execution  in  Paris,  for 
the  purpose  of  bringing  to  the  surface  a  large  supply  of  the  artesian  waters  from"  the  lower  green- 
Band  underlying  the  chalk,  in  the  secondary  formation;  the  existence  of  a  supply  of  water  in  that 
stratum  has  already  been  proved  by  the  well  sunk  at  Crenelle  of  3|  in.  diameter  and  the 
subsequent  one  of  27J  in.  diameter  sunk  at  Passy.  Each  of  these  two  artesian  well*  required  six 
or  seven  years'  work  for  its  completion ;  their  situation  in  Paris  ia  shown  in  the  plan,  Fig  318 


Sugar  ReJLnrry. 
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'Reference. — P,  Passy  Well.    G,  Crenelle.    B, 
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Butte-aux-Cailles.     R,  Sugar  Refinery. 


A  large  artesian  well  was,  in  1867,  being  constructed  by  Dru  at  Butte-aux-Cailles,  Fig.  348, 
for  the  supply  of  the  city  of  Paris,  which  is  intended  to  be  carried  down  through  the  grecnsand 
to  a  depth  of  2600  or  2900  ft.  to  reach  the  Portland  limestone.  The  boring  in  1867  was  -WO  ft. 
deep,  and  its  diameter  47  in. 

During  the  previous  2J  years,  M.  Dru  was  engaged  in  sinking  a  similar  well  of  19  in.  diameter 
for  supplying  the  Sugar  Refinery  of  M.  Say,  in  Paris,  Fig.  349 ;  1570  ft.  deep  of  this  well  had  \»-<\\ 
bored  in  1867,  see  Fig.  349. 

For  the  smaller  wells,  hand-boring  tools  are  in  use ;  but  these  are  limited  to  borings  of  incon- 
siderable depth  and  small  diameter.  For  borings  of  the"  diameter  of  these  large  wells,  it  ia  necessary 
to  make  use  of  special  tools,  worked  entirely  by  steam-power;  and  in  some  cases  of  sinking  mine- 
shafts,  tools  of  as  large  a  diameter  as  14f  ft.  have  been  used.  The  boring  is  effected  by  a  rotary 
motion  in  the  case  of  the  small  diameters ;  but  in  borings  of  a  large  diameter  and  considerable 
depth,  percussive  action  alone  is  employed,  which  is  effected  by  raising  the  tool  and  letting  it 
fall  with  successive  strokes. 

The  apparatus  employed  by  M.  Dru  in  boring  the  large  wells  that  have  been  mentioned,  is 
shown  in  Figs.  350,  351.  The'boring-rod  A  is  suspended  from  the  outer  end  of  the  working  1» mu 
B,  which  is  made  of  timber  hooped  with  iron,  working  upon  a  middle  bearing,  and  is  con  in  ct<  <\  at 
the  inner  end  to  the  vertical  steam  cylinder  0,  of  10  in.  diameter  and  39  in.  stroke.  The  stroke  of 
the  boring-rod  ia  reduced  to  22  in.,  by  the  inner  end  of  the  beam  being  made  longer  than  the  outer 
end,  serving  as  a  partial  counterbalance  for  the  weight  of  the  boring-rod.  The  steam  cylinder  in 
shown  enlarged  in  Fig.  352,  and  is  single-acting,  being  used  only  to  lift  the  boring-rod  at  cuHi 
stroke,  and  the  rod  is  lowered  again  by  releasing  the  steam  from  the  top  side  of  tlio  piston ;  tho 
stroke  is  limited  by  timber  stops  both  below  and  above  the  end  of  the  working  beam  B. 

The  boring-tool  is  the  part  of  most  importance  in  the  apparatus,  and  the  one  that  has  involved 
most  difficulty  in  maturing  its  construction.  The  points  to  lie  aimed  at  in  this  are,— himjilicity 
of  construction  and  repairs  •  the  greatest  force  of  blow  possible  for  each  unit  of  striking-surface , 
and  freedom  from  liability  to  get  turned  aside  and  choked. 

The  tool  used  in  small  borings  is  a  single  chisel,  as  shown  in  Figs.  353,  354  ;  but  for  the  Inrpo 
borings  it  is  found  best  to  divide  the  tool-face  into  separate  chisels,  each  of  convenient  size  and  weight 
for  forging.  All  the  chisels,  however,  are  kept  in  a  straight  line,  whereby  the  extent  of  f-trikm.-- 
surfnee  is  reduced ;  and  the  tool  is  rendered  less  liable  to  be  turned  aside  by  meeting  a  Imnl 
portion  of  flint  on  a  single  point  of  the  striking-edge,  which  would  diminish  tho  effect  of  the 
blow. 

The  tool  is  shown  in  Figs.  355,  356,  357.  358,  359,  360,  :-!61  ;  and  is  composed  of  a  wrought- iron 
body  D,  connected  by  a  screwed  end,  E,  to  the  boring-rod,  and  carrying  the  chiueU.  F  F,  fixed  in 
separate  sockets  and  secured  by  nuts  above ;  two  or  four  chisels  are  used,  or  sometimes  eren  a 
greater  number,  according  to  the  size  of  the  hole  to  be  bored.  This  construction  allows  of  any 
broken  chisel  being  easily  replaced;  and  also,  by  changing  tho  breadth  of  the  two  miter  chisel*, 
the  diameter  of  the  hole  bored  can  be  regulated  exactly  as  may  be  desired.  When  four  chiiwls  are 
used,  the  two  centre  ones  are  made  a  little  longer  than  tho  others,  as  shown  in  Fig.  .'559,  to  form  * 
leading  hole  as  a  guide  to  the  boring-rod.  A  cross-bar  G,  of  the  same  width  as  tho  too),  |MM 
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it  In  the  hole  in  the  direction  nt  right  angles  to  the  tool ;  and  in  the  case  of  the  larger  and  longer 
tooU  a  second  crow-bar  u  also  added  higher  uj>,  ut  right  tingles  to  thu  first  and  parallel  t.»  tin- 
•tnking-edge  of  the  tool. 


•  r 


353. 


354. 


355. 


357. 


If  the  whole  length  of  the  boring-rod  were  allowed  to  fall  suddenly  to  the  bottom  of  a  large 
bore-hole  at  each  stroke,  frequent  breakages  would  occur;  it  is  therefore  found  requisite  to 
arrange  for  the  tool  to  be  detached  from  the  boring-rod  at  a  fixed  point  in  each  stroke,  and  this 
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has  led  to  the  general  adoption  of  free-falling  tools.    There  have  been  several  contrivances  for 
effecting  this  object,  and  M.  Dru's  plan  of  self-acting  free-falling  tool  liberated  by  reaction,  is 


358. 


359. 


361. 


m,  mm 


shown  in  side  and  front  view  in  Figs.  362,  363.  The  hook  H,  attached  to  tho  head  of  the  boring- 
tool  D,  slides  vertically  in  the  box  K,  which  is  screwed  to  the  lower  extremity  of  the  boriBg-na  ; 
and  the  hook  engages  with  the  catch,  J,  centred  in  the  sides  of  the  box  K,  whereby  the  tool  in 
lifted  as  the  boring-rod  rises.  The  tail  of  the  catch,  J,  bears  against  an  inclined  plane,  L,  at  tho 
top  of  the  box  K ;  and  the  two  holes  carrying  the  centre-pin,  I,  of  the  catch,  are  made  oval  in  the 
vertical  direction,  so  as  to  allow  a  slight  vertical  movement  of  tho  catch.  When  the  boring-rod 
reaches  the  top  of  the  stroke,  it  is  stopped  suddenly  by  the  tail  end  of  the  beam  B,  Fig.  351, 
striking  upon  the  wood  buffer-block  E ;  and  the  shock  thus  occasioned  causes  a  slight  jump  of  the 
catch,  J,  in  the  box  K ;  the  tail  of  the  catch  is  thereby  thrown  outwards  by  the  incline  L,  as  shown 
in  Fig.  36 1,  liberating  the  hook  H,  and  the  tool  then  falls  freely  to  the  bottom  of  the  bore-hole,  as 
shown  in  Fig.  365.  When  the  boring-rod  descends  again  after  the  tool,  the  catch,  J,  again  engages 
with  the  hook  H,  enabling  the  tool  to  be  raised  for  the  next  blow,  as  in  Fig.  363. 

Another  construction  of  self-acting  free-falling  tool,  liberated  by  a  separate  disengaging-rod,  is 
shown  in  side  and  front  view  in  Figa.  366,  367.  This  tool  consists  of  four  principal  pieces,  tho 
hook  H,  the  catch  J,  the  paul  I,  and  the  disengaging-rod  M.  The  hook  H,  carrying  the  boring- 
tool  D,  slides  between  the  two  vertical  sides  of  the  box  K,  which  is  screwed  to  the  bottom  of  tin- 
boring-rod ;  and  the  catch,  J,  works  in  the  same  space  upon  a  centre-pin  fixed  in  the  box,  so  that 
the  tool  is  carried  by  the  rod,  when  hooked  on  the  catch,  as  shown  in  Fig.  367.  At  tho  saino 
time  the  paul  I,  at  the  back  of  the  catch,  J,  secures  it  from  getting  unhooked  from  the  tool ;  but 
this  paul  is  centred  in  a  separate  sliding  hoop,  N, forming  the  top  of  the disengaging-ml  M,  which 
slides  freely  up  and  down  within  a  fixed  distance  upon  the  box  K;  and  in  its  lowest  position  tho 
hoop,  N,  rests  upon  the  upper  of  the  two  guides  PP,  Fig.  366,  through  which  tho  di8engaging-r.nl, 
M,  slides  outside  the  box  K.  In  lowering  the  boring-rod,  the  disengaging-rod,  M,  reaches  tho 
bottom  of  the  bore-hole  first,  as  shown  in  Figs.  366,  367,  and  being  then  8topp<xl  it  prevents  the 
paul,  I,  from  descending  any  lower;  and  the  inclined  back  of  the  catch,  J,  sliding  down  pnut  tho 
paul,  the  latter  forces  the  catch  out  of  tho  hook  H,  as  shown  in  Fig.  368,  thus  allowing  the  tool,  I  >, 
to  fall  freely  and  strike  its  blow.  The  height  of  fall  of  the  tool  is  always  the  same,  being  deter- 
mined only  by  the  length  of  the  disengaging-rod  M. 

The  blow  having  been  struck,  and  the  boring-rod  continuing  to  be  lowered  to  the  bottom  of  the 
hole,  the  catch,  J,  falls  back  into  its  original  position,  and  engages  again  \vith  tin-  hook  II,  as 
shown  in  Fig.  369,  ready  for  lifting  the  tool  in  the  next  stroke.  As  tho  boring-rod  rises,  tho  tail 
of  the  catch,  J,  trips  up  the  paul,  I,  in  passing,  as  shown  in  Fig.  370,  allowing  the  catch  to  paw 
freely;  and  the  paul  before  it  begins  to  bo  lifted  returns  to  the  original  position,  shown  in  J- 1>,'. 
367,  where  it  locks  the  catch  J,  and  prevents  any  risk  of  its  becoming  unhooked  either  in  rawing 
or  lowering  the  tool  in  the  well. 

Tho  boring-tool  shown  in  Figs.  355,  356,  which  is  employed  in  boring  the  well  of 
diameter  at  the  Sugar  Refinery,  weighs  f  ton,  and  is  liberated  by  reaction,  by  tho  ai 
shown  in  Figs.  362  to  365;  and  the  same  mode  of  liberation  was  applied  in  tho  fire 
larger  tool,  shown  in  Figs.  358  to  361,  employed  in  sinking  the  well  of  47  in.  dia 
aux-Cailles.     The  great  weight  of  tho  latter  tool,  however,  amounting  to  as  mucl 
necessitated  so  violent  a  shock  for  the  purpose  of  liberating  the  tool  by  reaction,  that  tin 
rods  and  the  rest  of  the  apparatus  would  have  bcon  damaged  by  a  continuing 
of  working;  and  M.  Dru  was  therefore  led  to  design  the  arrangement  of  disenp 
releasing  the  tool,  as  shown  in  Figs.  366,  367.    This  mode  of  liberation  is  consequently  tl 
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now  in  use  »t  Butte-anx-Cailles,  where  it  has  proved  completely  successful  in  practical  working. 
In  thucaae  the  croas-fruide,  G,  fixed  upon  the  tool  is  made  with  an  eye  for  the  disengaging-rod,  M, 
to  work  through  freely,  M  shown 

I.  358,  3GO.      For  brings  of  365  364.  363.  362. 

•mall  diameter,  however,  the  dis- 
engaging-rod  cannot  supersede  tho 
reaction  system  of  liberation,  ns 
the  In t tor  alone  ia  able  to  work  in 
borings  as  «nall  n*  ::j  i".  diameter ; 
and  a  Itore-hoK-  no  larger  than 
this  diameter  has  bcon  successfully 
completed  by  M.  Dru  with  tho 
reartion-tool'to  ft  depth  of  750  ft. 

The  boring-rods  employed  are 
of  two  kinds,  wrought  iron  and 
«•«••!.  The  wood  rods,  shown  in 
::.">!.  371,  are  uwd  for  Brings 
•••  diameter,  as  they  possess 
the  advantage  of  having  a  larger 
section  for  stiffness  without  in- 
creasing the  weight ;  and  also  when 
immersed  in  water  the  greater 
jNirtii-n  of  their  weight  is  floated. 
The  woo.1  for  the  rods  requires  to 
be  carefully  selected,  and  care  has 
to  be  taken  to  choose  the  timber 
from  the  thick  part  of  the  tree, 
ami  not  the  toppings.  In  France, 
I^rraine,  or  Vosges,  deals  are  pre- 
ferred. 

The  boring -rods,  whether  of 
wood  or  iron,  are  screwed  together 
either  by  solid  sockets,  as  in  Fig. 
-  with  separate  collars,  as  in 
:'>73.  The  separate  collars 
are  preferred  for  the  purpose,  on 
account  of  being  easy  to  forge ;  and 
also  because,  as  only  one-half  of 
the  collar  works  in  coupling  and 
uncoupling  the  rods,  while  the 
other  half  is  fixed,  the  screw-thread 
becomes  worn  only  at  one  end,  and 
by  changing  the  collar,  end  for 
end,  a  new  thread  is  obtained 
when  one  is  worn  out,  the  worn 


end  being  then  jammed  fast  as  the    ^ 
fixed  end  of  the  collar. 


The  boring-rod  is  guided  in  the  lower  part  of  the  hole  by  a  lantern  R,  Fig.  351,  shown  to  a 
larger  scale  in  Figs.  371,  374,  which  consists  of  four  vertical  iron  bars  curved  in  at  both  ends, 
where  they  are  secured  by  movable  sockets  upon  the  boring-rod,  and  fixed  by  a  nut  at  the  top. 
By  changing  the  bars,  the  size  of  the  lantern  is  readily  adjusted  "to  any  required  diameter  of 
bore-hole,  as  indicated  by  the  dotted  lines.  In  raising  up  or  letting  down  the  boring-rod,  two 
lengths  of  about  30  ft.  each  are  detached  or  added  at  once,  and  a  few  shorter  rods  of  different 
lengths  are  used  to  make  up  the  exact  length  required.  The  coupling-screw  S,  Fig.  351,  by  which 
the  boring-rod  is  connected  to  the  working-beam  B,  serves  to  complete  the  adjustment  of  length; 
this  is  turned  by  a  cross-bar,  and  then  secured  by  a  cross-pin  through  the  screw.  - 

In  ordinary  work,  breakages  of  the  boring-rod  generally  take  place  in  the  iron,  and  more 
particularly  at  the  part  screwed,  as  that  is  the  weakest  part.  In  the  case  of  breakages,  the  tools 
u.-ually  employed  for  picking  up  the  broken  ends  are  a  conical  screwed  socket,  shown  in  Fig.  375, 
and  a  claw,  shown  in  Fig.  376;  the  socket  being  made  with  an  ordinary  V 'thread  for  cases 
where  the  breakage  occurs  in  the  iron ;  but  having  a  sharper  thread,  like  a  wood  screw,  when 
used  where  the  breakage  is  in  one  of  the  wood  rods.  In  order  to  ascertain  the  shape  of  the  frac- 
tured end  left  in  the  bore-hole,  and  its  position  relatively  to  the  centre  line  of  the  hole,  a  similar 
conical  socket  is  first  lowered,  having  its  under-surface  filled  up  level  with  wax,  so  as  to  take  an 
impression  of  the  broken  end,  and  show  what  size  of  screwed  socket  should  be  employed  for 
getting  it  up.  Tools  with  nippers  are  sometimes  used  in  large  borings,  as  it  is  not  advisable  to 
subject  the  rods  to  a  twist. 

When  the  boring-tool  has  detached  a  sufficient  quantity  of  material,  the  boring  rod  and  tool  are 
drawn  up  by  means  of  the  rope  O,  Fig.  350,  winding  upon  the  drum  Q,  which  is  driven  by  straps 
and  gearing  upon  the  steam-engine  T.  A  scoop  is  then  lowered  into  the  bore-hole  by  the  wire- 
rope  U,  from  the  other  drum  V,  and  is  afterwards  drawn  up  again  from  the  excavated  material. 
A  friction-break  is  applied  to  the  drum  Q,  for  regulating  the  rate  of  lowering  the  boring-rod  down 
the  well.  The  scoop,  shown  in  Figs.  377,  378,  consists  of  a  riveted  iron  cylinder,  with  a  handle 
nt  the  top,  which  can  either  be  screwed  to  the  boring-rod  or  attached  to  the  wire-rope;  and  the 
bottom  is  closed  by  a  huge  valve,  opening  inwards.  Two  different  forms  of  valve  are  used,  either 
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ft  pair  of  flap-valves,  as  shown  in  Fig.  378,  or  a  single-cone  valve,  Fig.  379  •  and  the  bottom  rin°- 
of  the  cylinder,  forming  the  seating  of  the  valve,  is  forged  solid,  and  steeled  on  the  lower  ed"e 
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On  lowering  this  cylinder  to  the  bottom  of  the  bore-hole,  the  valvg  opens,  and  the  loose  material 
enters  the  cylinder,  where  it  is  retained  by  the  closing  of  the  valve,  whilst  the  scoop  is  drawn  up 
again  to  the  surface.  In  boring  through  chalk,  as  in  the  case  of  the  deep  wells  in  the  Paris  luutin, 
Fig.  347,  the  hole  is  first  made  of  about  half  the  final  diameter  for  60  to  90  ft.  depth,  and  it  i»  tlu-n 
enlarged  to  the  full  diameter  by  using  a  larger  tool.  This  is  done  for  convenience  of  working ;  for 
if  the  whole  area  were  acted  upon  at  once,  it  would  involve  crushing  all  the  flints  in  the  chalk ; 
but,  by  putting  a  scoop  in  the  advanced  hole,  the  flints  that  are  detached  during  the  working  <>f 
the  second  larger  tool  are  received  in  the  scoop  and  removed  by  it,  without  getting  broken  by  tbo 
tool. 
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The  resistance  experienced  in  boring  through  different  strata  is  various ;  and  uome  rocka  pa«ed 
through  are  so  hard,  that  with  12,000  blows  a-day  of  a  boring-tool  weighing  nearly  10  cwt.,  with  19  in. 
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height  of  fall,  tho  borr-holo  was  advanced  only  H  t<>  4  in.  a-dny.  As  tho  opposite  case,  strata  of  run- 
ning wind  have  1-ccii  met  with  so  wet.  Unit  a  .slight  movement  of  Die  rod  at  tho  bottom  of  tli<'  hole 
WM  BUlhYieiit  to  make  tin-  sand  ris.-  ltd  to  10  ft.  in  (tobon-hole.  In  tlu.-e  OM60  M.  1  >rn  has  adopted 
•.in.-.M-  method  of  ctVectinu'  a  speedy  clearance,  l.y  means  of  a  scoop  cUsed  l.y  a  large  ball-cluck 
at  tin-  l->ttoin,  as  shown  in  Ki'j.  :>77.  ami  suspended  l>y  a  rope,  to  which  a  vertical  movement  is 
given;  each  time  tin-  scoop  falls  u]x>n  tho  suiid  a  portion  of  this  in  forced  up  into  the  scoop,  and 
•  •1  thereby  tho  ball-vahc. 

An  arte.-ian  well  is  always  some  time  in  settling  down  to  its  permanent  working  state,  generally 
one  or  t\\o  months;  and  when  the  water  tirst  reaches  tho  surface  it  undergoes  considerable  fluc- 
tuation*, bt  inu'  charged  from  time  t<>  time  with  the  substances  at  tin-  bottom  of  the  bore-liolc.  In 
tin'  (in  n.  lie  well  there  were  Iliictnatioiis  at  starting  of  'MO  ft.  in  the  height  of  the  water.  The 
\eloeityof  the  How  of  water  from  the  artesian  wells  varies  considerably,  and  the  following  arc  some 

nptea  of  the  delivery  at  the  surface  by  those  already  completed  in  the  Paris  basin  :  - 


Gallons 

VHoclty 

Depth  of 
Bore-bole. 

Diameter  of 
Bore-bole. 

delivered 
per 

of  discharge. 
Feet  |»T 

minute. 

second. 

f«-L 

inches. 

St.  Drnis,  Hotel  Dieu      . 

tea 

2-28 

28 

2-68 

(lennevilliers    .. 

312 

2-28 

31 

2-89 

Stains 

2-95 

176 

9-87 

KlUuf       ..      .. 

492 

2-95 

66 

3-71 

Paris,  Orcnelle 

17!>5 

3-74 

484 

16'  (53 

„      Passy     .. 

1923 

27-56 

1980 

TG4 

380. 


The  localities  of  these  wells  are  shown  in  the  plan,  Fig.  348 ;  and  Fig.  347  is  a  geological 
section  passing  through  the  Paris  basin.  Sections  of  the  strata  bored  through  in  the  wells  at  Passy 
and  Grenelle  are  shown  in  Fig.  349 ;  and  a  section  in  the  boring  now  in  progress  at  the  Sugar 
Ketinery  is  shown  in  the  same  Figure.  In  the  case  of  the  artesian  well  at  Grenelle,  the  water  is 
carried  up  to  a  height  of  128  ft.  above  the  ground  by  a  stand-pipe  of  3 '74  in.  bore,  from  the  top  of 
which  the  water  overflows  at  the  rate  of  100  gallons  a-minute,  with  a  velocity  of  3 '94  ft.  a-second. 

Borings  of  large  diameter,  for  mines  or  other  shafts,  are  also  sunk  by  means  of  the  same 
description  of  boring-tools,  only  considerably  increased  in  size,  extending  up  to  as  much  as  14  ft. 
diameter.  The  well  is  then  lined  with  cast-iron  or  wrought-iron  tubing,  for  the  purpose  of  making 
it  water-tight;  and  a  special  contrivance,  invented  by  Kind,  has  been  adopted  for  making  a  water- 
tight joint  between  the  tubing  and  the  bottom  of  the  well,  or  with  another  portion  of  tubing  pre- 
\  i'  >usly  lowered  down.  This  is  done  by  a  stuffing-box,  shown  in  Fig.  380,  which  contains  a 
packing  of  moss  at  A  A.  The  upper  portion  of  the  tubing 
is  drawn  down  to  the  lower  portion  by  the  tightening- 
screws  B  B,  so  as  to  compress  the  moss-packing  when  the 
weight  is  not  sufficient  for  the  purpose.  A  space,  C,  is 
left  between  the  tubing  and  the  side  of  the  well,  to  admit 
of  the  passage  of  the  stuffing-box  flange,  and  also  for 
running  in  concrete  for  the  completion  of  the  operation. 
The  moss-packing  rests  upon  the  bottom  flange  D ;  but 
this  flange  is  sometimes  omitted.  The  joint  is  thus  simply 
made  by  pressing  out  the  moss-packing  against  the  sides 
of  the  well ;  and  this  material,  being  easily  compressible 
and  not  liable  to  decay  under  water,  is  found  to  make  a 
very  satisfactory  and  durable  joint. 

M.  Dru  states  that  the  reaction-tool  has  been  success- 
fully employed  for  borings  up  to  as  large  as  about  4  ft. 
diameter,  as  in  the  case  of  the  well  at  Butte-aux-Cailles 
of  47  in.  diameter;  but  beyond  that  size  he  considers  the 
shock  requisite  to  liberate  the  larger  and  heavier  tool 
would  probably  be  so  excessive,  as  to  be  injurious  to  the 
boring-rods  and  the  rest  of  the  attachments ;  and  he  there- 
fore designed  the  arrangement  of  the  disengaging-rod  for  liberating  the  tool  in  borings  of  large 
diameter,  whereby  all  shock  upon  the  boring-rods  was  avoided  and  the  tool  was  liberated  with 
complete  certainty. 

In  practice  it  is  neceseary  to  turn  tne  boring-tool  partly  round  between  each  stroke,  so  as  to 
prevent  it  from  falling  every  time  in  the  same  position  at  the  bottom  of  the  well ;  and  this  was 
effected  in  the  well  at  Butte-aux-Cailles  by  manual-power  at  the  top  of  the  well,  by  means  of  a 
long  hand-lever  fixed  to  the  boring-rod  by  a  clip  bolted  on,  which  was  turned  round  by  a  couple 
of  men  through  part  of  a  revolution  during  the  time  that  the  tool  was  being  lifted.  The  turning 
was  ordinarily  done  in  the  right-hand  direction  only,  so  as  to  avoid  the  risk  of  unscrewing  any  of 
the  screwed  couplings  of  the  boring-rods ;  and  care  was  taken  to  give  the  boring-rod  half  a  turn 
when  the  tool  was  at  the  bottom,  so  as  to  tighten  the  screw-couplings,  which  otherwise  might 
shake  loose.  In  the  event  of  a  fracture,  however,  leaving  a  considerable  length  of  boring-rod  in 
the  hole,  it  was  sometimes  necessary  to  have  the  means  of  unscrewing  the  couplings  of  the  portion 
left  in  the  hole,  so  as  to  raise  it  in  parts,  instead  of  all  at  once.  In  that  case  a  locking-clip  was 
added  at  each  screwed  joint  above,  and  secured  by  bolts,  as  shown  at  C  in  Fig.  373,  at  the  time  of 
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putting  the  rods  together  for  lowering  them  down  the  well  to  recover  the  broken  portion ;  and  by 
this  means  the  ends  of  the  rods  were  prevented  from  becoming  unscrewed  in  the  coupling-sockets, 
when  the  rods  were  turned  round  backwards  for  unscrewing  the  joints  in  the  broken  length  at  the 
bottom  of  the  bore-hole. 

M.  Dru  states  that  in  his  own  experience,  owing  to  the  difficulties  attending  the  operation, 
the  occurrence  of  delays  from  accidents  was  the  rule,  while  the  regular  working  of  the  machinery 
was  the  exception.  He  also  states  that,  although  the  chisel-shaped  tools  previously  desoril>.  <1  \\.  n 
the  form  principally  employed,  he  considers  it  would  be  a  mistake  to  attempt  to  use  any  one  form 
of  tool  exclusively  for  all  descriptions  of  ground.  For  passing  through  granite,  or  any  other 
primary  rock,  a  percussive  action  is  indispensable,  and  the  force  of  the  blow  is  required  to  be  con- 
centrated upon  a  small  extent  of  cutting-edge,  in  order  to  produce  any  effect  by  the  blow ;  but  ir 
softor  ground  a  greater  number  of  cutting-chisels  are  used  in  the  falling-tool. 

As  long  ago  as  1842  ropes  have  been  used  in  France  for  boring  purposes,  but  they  have  not  been 
found  to  answer  in  bormg  through  clay,  because  the  tool  becomes  choked  and  sticks  fast,  and  tho 
rope  breaks,  leaving  the  tool  imbedded  at  the  bottom  of  the  bore-hole  •  it  is  then  necessary  to  havo 
recourse  to  rods  for  raising  the  boring-tool,  and  M.  Dru  therefore  preferred  to  use  rods  in  the  first 
instance.  In  boring  through  sand,  however,  ropes  have  been  successfully  employed,  and  by  this 
means  borings  have  been  carried  down  with  great  rapidity,  as  much  as  GO  ft.  depth  having  been 
accomplished  in  a  fortnight  through  a  bed  of  sand  in  boring  a  well  in  the  upper  stratum  of  the 
Paris  basin.  The  section  of  the  Paris  basin  shows  that,  owing  to  the  variable  strata  to  be  passed 
through,  no  one  form  of  boring-tool,  such  as  has  been  referred  to,  could  be  used  for  all  parta  of  the 
bore-hole,  but  different  tools  were  required,  according  to  the  particular  stratification  at  the  bottom 
of  the  hole. 

When  running  sands  are  met  with,  the  plan  adopted  is  to  use  the  Chinese  ball-scoop,  Fig.  377, 
described  for  clearing  the  bottom  of  the  bore-hole ;  and  where  there  is  too  much  sand  for  it  to  be 
got  rid  of  in  this  way,  a  tube  has  to  be  sent  down  from  the  siirface  to  shut  off  the  sand.  This,  of 
course,  necessitates  diminishing  the  diameter  of  the  hole  in  passing  through  the  sand ;  but  on 
reaching  the  solid  rock  below  the  running  sand,  an  expanding  tool  is  used  for  continuing  the  bore- 
hole below  the  tubing  with  the  same  diameter  as  above  it,  so  as  to  allow  the  tubing  to  go  down 
with  the  hole. 

In  the  case  of  meeting  with  a  surface  of  very  hard  rock  at  a  considerable  inclination  to  the 
bore-hole,  M.  Dru  employs  a  tool,  the  cutters  of  which  are  fixed  in  a  circle  all  round  the  edge  of 
the  tool,  instead  of  in  a  single  diameter  line ;  the  length  of  the  tool  is  also  considerably  increased 
in  such  cases,  as  compared  with  the  tools  used  for  ordinary  work,  so  that  it  is  guided  for  a  length 
of  as  much  as  20  ft.  He  uses  this  tool  in  all  cases  where  from  any  cause  the  hole  is  found  t<>  IMS 
going  crooked,  and  has  even  succeeded  by  this  means  in  straightening  a  hole  that  had  previously 
been  bored  crooked. 

The  cutting  action  of  this  tool  is  all  round  its  edge ;  and  therefore  in  meeting  with  an  inclined 
hard  surface,  as  there  is  nothing  to  cut  on  the  lower  side,  the  force  of  the  blow  is  brought  to  bear 

on  the  upper  side  alone,  until  an  entrance  is  effected  into  

the  hard  rock  in  a  true  straight  line  with  the  upper  part  of 
the  hole. 

Norton's  patent  Tube  Well. — This  well  consists  of  a  hollow 
wrought-iron  tube  about  If  in  diameter,  composed  of  any 
number  of  lengths  from  3  to  11  ft.,  according  to  the  depth 
required.  The  water  is  admitted  into  the  tube  through  a 
series  of  holes,  which  extend  up  the  lowest  length  to  a 
height  of  2£  ft.  from  the  bottom. 

The  position  for  a  well  having  been  selected,  a  vertical 
hole  is  made  in  the  ground  with  a  crow-bar  to  a  convenient 
depth ;  the  well-tube  a,  having  the  clamp  cf,  monkey  c,  and 
pulleys  6,  Fig.  381,  previously  fixed  on  it,  is  inserted  into 
this  hole. 

The  clamp  is  then  screwed  firmly  on  to  the  tube  from 
18  in.  to  2  ft.  from  the  ground,  as  the  soil  is  either  difficult 
or  easy;  each  bolt  being  tightened  equally,  so  as  not  to 
indent  the  tube. 

The  pulleys  are  next  clamped  on  to  tho  tube  at  a  height 
of  about  6  or  7  ft.  from  the  ground,  the  ropes  from  the 
monkey  having  been  previously  rove  through  them. 

The  monkey  is  raised  by  two  men  pulling  the  ropes  at 
the  same  angle.  They  should  stand  exactly  opposite  each 
other,  and  work  together  steadily,  so  as  to  keep  the  tube 
perfectly  vertical,  and  prevent  it  from  swaying  about  while 
being  driven.  If  the  tube  shows  an  inclination  to  slope 
towards  one  side,  a  rope  should  be  fastened  to  its  top  and 
kept  taut  on  the  opposite  side,  so  as  gradually  to  bring  the 
tube  back  to  the  vertical.  When  the  men  have  rated  the; 
monkey  to  within  a  few  inches  of  the  pulleys,  they  lift 
their  hands  suddenly,  thus  slackening  the  ropes  and  allow- 
ing the  monkey  to  descend  with  its  full  weight  on  to  the 
clamp.  The  monkey  is  steadied  by  a  third  man,  who  also 
assists  to  force  it  down  at  each  descent.  This  man,  likewise,  from  time  to  tt 
gas-tongs,  turns  the  tube  round  in  the  ground,  which  assists  the  process  of  driving,  par 
when  the  point  comes  in  contact  with  stones. 
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Particular  attention  mnst  lx?  paid  to  tl>o  clamp,  to  soo  that  it  docs  not  move  on  the  tube;  tho 
MU  nui.st  be  tightened  u  i>  i»t  tlic  lirst  appearance  of  any  dipping. 

When  tln«  clamp  lias  been  driven  down  t<>  tin-  ground,  tlio  monkey  is  raised  off  it,  the  screws 
«>f  tin*  dump  are  .-la.-Ki -in d.  and  tho  clamp  is  again  screwed  to  the  tube,  about  18  in.  or  2  ft.  from 
the  ground.  After  this,  the  monkey  is  lowered  on  to  it,  and  the  pulleys  are  then  raised  until 
they  nn-  a-.-iiin  <'•  or  7  l"t.  from  the  ground. 

The  driving  is  continued  until  but  o  or  (5  in.  of  tho  well-tube  remain  above  the  ground,  when 
tho  Hump.  monkey,  and  pulleys  aro  removal,  and  an  additional  length  of  tube  screwed  on  to  tiiat 
in  tho  ground.  This  is  done  by  first  screwing  a  collar  on  to  tho  tube  in  the  ground,  and  then 
H-rrwiiiu'  tin-  next  length  of  tube  into  the  collar,  till  it  huts  against  the  lower  tube;  a  little  white- 
lead  muni  be  plaivd  on  the  threads  of  the  collar  before  the  ends  of  the  tubes  are  screwed  into  it. 

The  driving  can  thus  be  continued  until  the  well  has  obtained  the  desired  depth.  Boon  after 
another  length  has  been  added,  tin-  upper  length  should  be  turned  round  a  little  with  the  gas- 
tongH,  to  tighten  the  joints,  which  have  a  tendency  to  become  loose  from  the  jarring  of  the  monkey. 
Care  must  be  taken,  after  getting  into  a  water-bearing  stratum,  not  to  drive  through  it,  owing  to 
anxiety  t«>  get  a  large  nupply.  From  time  to  time,  and  always  before  screwing  on  an  additional 
length  of  tube,  the  well  should  be  sounded,  by  means  of  a  small  lead  attached  to  a  line,  to  n 
tain  the  depth  of  water,  if  any,  and  character  of  the  earth  which  has  penetrated  through  the  holes 
perforated  in  the  lower  part  of  the  well-tube.  As  soon  as  it  appears  that  the  well  has  been  driven 
deep  enough,  tho  pump  is  screwed  on  to  tho  top  and  the  water  drawn  up.  It  usually  happens 
that  the  water  is  at  first  thick,  and  comes  in  but  small  quantities ;  but  after  pumping  for  some 
little  time,  as  the  chamber  round  the  bottom  of  the  well  becomes  enlarged,  the  quantity  increases 
and  the  water  becomes  clearer. 

When  sinking  in  gravel  or  clay,  the  bottom  of  the  well-tube  is  liable  to  become  filled  up  by 
the  material  penetrating  through  tho  holes ;  and  before  a  supply  of  water  can  be  obtained,  this 
accumulation  must  be  removed  by  means  of  the  cleaning-pipes. 

The  cleaning-pipes  are  of  small  diameter,  J-in.  externally,  and  the  several  lengths  are  con- 
nected together  in  the  same  way  as  the  well-tubes,  by  collars  screwing  on  over  the  adjoining  end 
of  two  pipes. 

To  clear  the  well,  one  cleaning-pipe  after  another  is  lowered  into  the  well,  until  the  lower  end 
touches  the  accumulation ;  the  pipes  must  be  held  carefully,  for  if  one  were  to  drop  into  the  well 
it  would  be  impossible  to  get  it  out  without  drawing  the  well.  A  pump  is  then  attached  to  the 
upper  cleaning-pipe  by  means  of  a  reducing-socket ;  the  lower  end  of  the  cleaning-pipe  is  then 
raised  and  held  about  an  inch  above  the  accumulation  by  means  of  the  gas-tongs :  water  is  next 
poured  down  the  well  outside  the  cleaning-pipe,  and,  being  pumped  up  through  the  cleaning- 
pipe,  brings  up  with  it  the  upper  portion  of  the  accumulation ;  the  cleaning-pipe  is  gradually 
lowered,  and  the  pumping  continued  until  the  whole  of  the  stuff  inside  the  well-tube  is  removed. 
The  pump  is  then  removed  from  the  cleaning-pipe,  and  the  cleaning-pipes  are  withdrawn  piece 
by  piece ;  and  finally  the  pump  is  screwed  on  to  the  upper  end  of  the  tube-well,  Fig.  382,  which 
is  then  in  working  order. 

The  tube  being  very  small,  is  in  itself  capable  of  containing  only  a  very  small  supply  of  water, 
which  would  be  exhausted  by  a  few  strokes  of  the  pump,  the  condition,  therefore,  upon  which 
alone  these  tube-wells  can  be  effective,  is  that  there  shall  be  a  free  flow  of  water  from  the  outside 
through  the  apertures  into  the  lower  end  of  the  tube.  When  the  stratum  in  whicli  the  water  is 
found  is  very  porous,  as  in  the  case  of  gravel  and  some  sorts  of  chalk,  the  water  flows  freely ;  and  a 
yield  has  been  obtained  in  such  situations  as  great  and  rapid  as  the  pump  has  been  able  to  lift, 
that  is  600  gallons  an  hour.  In  some  other  soils,  such  as  sandy  loam,  the  yield  in  itself  may  not 
be  sufficiently  rapid  to  supply  the  pump ;  in  such  cases,  the  effect  of  constant  pumping  is  to  draw 
up  with  the  water  from  the  bottom  a  good  deal  of  clay  and  sand,  and  so  gradually  to  form  a  reser- 
voir, as  it  were,  around  the  foot  of  the  tube,  in  which  water  accumulates  when  the  pump  is  not  in 
action,  as  is  the  case  in  a  common  well.  In  dense  clays,  however,  of  a  close  and  very  tenacious 
character,  the  American  tube-well  is  not  applicable,  as  the  small  perforations  become  sealed,  and 
water  will  not  enter  the  tube.  When  the  stratum  reached  by  driving  is  a  quicksand,  the  quantity 
of  sand  drawn  up  from  the  water  will  be  so  great,  that  a  considerable  amount  will  have  to  be 
pumped  before  the  water  will  come  up  clear ,  and  even  in  some  positions,  when  the  quicksand  is 
of  great  extent,  the  effect  of  the  pumping  may  be  to  injure  the  foundations  of  adjoining  buildings 
on  the  surface  of  the  ground. 

The  tube-well  cannot  itself  be  driven  through  rock,  although  it  might  be  used  for  drawing 
water  from  a  subjacent  stratum  through  a  hole  bored  in  the  rock  to  receive  it. 

Subject  to  these  conditions,  these  tube-wells  afford  a  ready  and  economical  means  for  drawing 
water  to  the  surface  from  a  depth  not  exceeding  27  or  28  ft. 

Works  and  Papers  on  Artesian  Wells  -—Gamier,  F.,  '  Traite  snr  les  Puits  Artesiens,'  4to,  Pans, 
182G.  Hericourt  de  Thury.  '  Considerations  Geologiques  et  Physiques  sur  la  cause  du  Jaillissement 
des  Eaux  des  Puits  Fores,  8vo,  Paris,  1829.  Degoussee  et  Saurent,  'Guide  du  Sondeur,'  3  vols., 
Paris,  1861.  G.  R.  Burnell, '  On  Artesian  Wells,'  Transactions  Inst.  C.  E.,  8vo,  1864.  B.  Latham, 
'Papers  on  Water  Supply,'  Part  I.,  8vo,  1865.  Van  Ertborn,  'Memoire  sur  les  Puits  Artesiens,' 
8vo,  Anvers,  1866.  Dru,  '  On  the  Machinery  for  Boring  Artesian  Wells,  Proceedings  Inst  M.  E., 
1867. 

ARTIFICIAL  STOXE.  FB.,  Pierre  artificiette ;  GEB.,  Kiinstlicher  Stein;  ITAL.,  Pietra 
artifiziale  ;  SPAN.,  Piedra  artificial. 

See  STOXE. 

ARTILLERY.     FB.,  Artillerie ;  GER.,  Artillerie  ;  ITAL.,  Artiglieria ;  SPAN.,  Artilleria. 

The  term  artillery  is  applied  to  all  descriptions  of  ordnance,  whether  light  or  heavy,  and  every- 
thing required  for  their  service. 

A  chief  point  in  the  science  of  gunnery,  and  one  which  limits  its  future,  is  the  construction  of 
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guns  of  sufficient  strength  to  curb  and  govern  the  utmost  force  of  any  explosive  compound  which 
may  be  used  in  them. 

No  modern  theory  of  constructing  guns  can  be  called  new,  since  guns  are  in  existence 
that  have  been  either  recovered  from  wrecks,  or  preserved  in  other  ways,  showing  every  variety  of 
coils,  hoops,  casting,  wire-binding,  and  so  on,  as  far  as  the  appliances  then  in  use  could  furnish 
the  quondam  inventors  with  means  of  carrying  their  inventions  into  effect.  That  in  which  novelty 
has  been  attained,  is  the  improvement  of  processes  by  which  large  castings  or  forgings,  accurate 
turning  and  boring,  can  be  secured,  or  by  which  chemical  knowledge  can  be  brought  to  bear  on 
the  manipulation  of  metals :  but  no  such  progress  can  make  a  built-up  gun,  or  machine  of  any 
sort,  stronger  than  a  perfectly  homogeneous  one,  in  which  the  varying  strains  are  closely  cal- 
culated, and  properly  met  by  the  scientific  disposition  of  the  necessary  strength.  Thus,  while 
we  admire  the  ingenuity  of  the  methods  by  which  guns  have  been  built  up,  we  cannot  think  that 
such  processes  will  now,  more  than  in  former  times,  continue  to  be  preferred  to  well  ca^t  guns 
of  good  material. 

Guns  are  burst  by  two  forces — the  rending  action  of  the  powder  gas,  and  the  unequal  heating 
of  a  nearly  homogeneous  metal ;  but  it  is  not,  as  supposed  by  some  authors,  by  interior  cracks 
caused  by  contraction,  since  metals  do  not  contract  but  expand  by  heat ;  and  guns  are  oftm  lmr>t 
without  such  rapidity  of  firing  as  would  induce  sufficient  heat  to  be  felt  on  the  outside,  scarcely 
even  on  the  inside  of  the  gun.  If  cracks  on  the  interior,  and  all  observers  are  agreed  on  this 
point,  are  the  first  indications  of  the  bursting  of  a  gun — if  this  be  accompanied  by  a  sensible  dila- 
tation of  the  bore,  it  is  clear  that,  as  the  outside  of  the  gun  has  not  increased,  though  the  inside 
has  cracked,  some  of  the  metal  has  been  compressed  into  a  smaller  space  than  it  previously  occu- 
pied, and  this  compression  being  greatest  on  the  inside,  as  shown  by  the  greater  width  of"  crack, 
ought  to  be  resisted  by  a  metal  at  that  point  harder,  that  is,  having  greater  strength  to  resist  im- 
pact, than  at  any  other  portion  of  the  gun.  In  cannon  cast  solid  in  sand  and  afterwards  bored 
out,  the  reverse  is  the  case.  Increased  thickness  of  metal,  as  trunnions  or  other  projections,  will 
determine  in  many  cases  the  line  of  fracture.  A  muzzle  swell  is  beneficial,  as  tending  to  pre- 
vent vibration,  which  is  begun  at  the  point  where  the  projectile  leaves  the  gun,  and  the  true  con- 
cussive  explosion  takes  place.  The  cascable,  also,  is  not  arbitrary,  nor  alone  necessary  for  sup- 
porting a  breeching ;  but,  like  the  trunnions,  reinforces  the  gun,  though,  unlike  them,  it  does  BO 
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usefully,  in  consequence  of  being  in  the  prolongation  of  the  axis  of  the  piece.    We  piv.    t\v.> 
practical  illustrations  of  the  bursting  of  guns,  Figs.  383,  385;  and  one  of  that  of  mortars,  Pig.  384 

Fig.  386  shows  the  comparative  intensity  of  strains  in  a  gun  when  the  trunnions  are  uud 
plane,  or  when  there  is  no  cascable. 

387 
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Now  let  us  examine  the  parts  in  which  the  lines  of  least  resistance  are  to  bo  f|»«nd.    In 
gun,  a  radial  strain,  Fig.  387,  is  exerted  on  all  parts  of  the  bore  equally,  oxoopt  t. 
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it  is  no  longer  radial  but  direct;  no  longer  resisted  by  wedges,  as  herenfter  Miown,  l>ut  by  a 
ovlindiT  of  iron  which  terminates  in  tin-  cascable.     At  tin-  trunnions,  too,  which  HIT  not  ot'lfii 
placed  in  nuMlrrn  guns  in  tin'  hori/.ontal  plane  of  tin-  axis,  )>nt  below  it,  there  will  he  another 
fine  of  least  resistance  w hero  the  trunnions  are  not,  the  necessary  eon>equeneo  of  a  line  of  gn 
resistance  where  they  are. 

Still  more  is  this  seen  in  the  mortar.  Fi_r.  IN  I.  which  hns  nn  enormously  greater  lateral  resist- 
ance nt  the  trunnions  than   at  the  inn//le.     This  \voiihl  feel  the  want  of  ji  cascuhle  al~< ..  \\ . 
not  that  the  |>o\sdcr-ehamher  is  conical,  and  smaller  than  the  boro ;  bnt  as  it  is,  it  splits  open  ns  if 
s  ha<l  been  driven  into  the  mu/./.le — the  guns  ns  if  wedges  had  been  driven  into  the  breech. 

J.  A.  I<oin;rid'_'e,  in  ft  paper  "On  the  Construction  of  Artillery,"  read  before  the  Institution  of 
Civil  Knirini  crs,  came  to  the  conclusion  that  the  required  object  could  be  attained  by  constructing  ft 
gun  in  Mich  an  initial  state  of  equilibrium,  that  when  the  varying  strain,  caused  by  internal  PITS- 
MI  re.  should  come  ii]>on  it,  the  initial  strain  should  be  equivalent  to  the  induced  strain,  and  the  sum 
i'f  the  two  strains  constant  throughout.  With  the  view  of  proving  the  truth  of  these  conclusions, 
.1  \  I  •  Bridge  caused  a  series  of  experiments  to  be  made,  the  first  of 'which  was  to  ascertain  the 
ultimate  force  of  gunpowder.  A  number  of  cast-iron  cylinders  1  in.  diameter  and  O'l  in.  thick 
prcpan  d.  They  wen-  bored  and  turned  accurately,  and  puri>osely  made  of  very  hard,  brittle 
iron,  so  as  of  themselves  to  give  the  minimum  of  strength.  These  cylinders  were  then  wrapped 
round  with  iron  wire,  the  tensile  strength  of  which  had  been  previously  asei -rtained.  The  number 
of  coils  varied  with  the  degree  of  strength  required,  and  each  coil  was  laid  on  with  the  initial 
h-train,  which  the  experimenter's  calculations  led  him  to  believe  would,  at  the  moment  of  bursting, 
cause  all  the  coils  to  give  way  together.  The  cylinders  were  filled  with  Government  cannon- 
jmwder,  and  the  ends  secured,  leaving  no  vent  but  a  touch-hole  the  size  of  a  small  pin,  through 
which  the  jx>wdt  r  was  exploded.  Several  of  these  burst;  but  it  was  found  that  a  cylinder  with 
ten  coils  of  wire  upon  it  could  not  be  burst.  The  diametral  section  of  the  cast  iron  was  0  2  in. ; 
and  taking  its  strength  at  8  tons  the  square  inch,  the  result  is 


j*jths  of  an  inch  x  8  tons  per  square  inch 

There  were  ten  coils  of  wire,  each  wire  by  experiment  broke  with 
601bs.,  and  was  T'5th  inch  in  diameter;  therefore  the  tensile 
strength  of  the  two  sides  =  2  x  28  x  GO  x  10  -*-  2240  . . 

Total  strength 


Tons. 
1-6 


=   15-0 
16  6 


The  internal  diameter  of  the  cylinder  was  1  inch,  consequently  the  ultimate  strength  of  the 
powder  did  not  exceed  17  tons  a  square  inch.  This  must  not,  however,  be  held  as  the  maximum 
effect  that  may  be  produced.  The  explosion  of  powder  is  more  of  an  impact  than  a  pressure  ,•  and 
although,  strictly  si>eaking,  impact  is  only  a  pressure  of  short  duration,  the  length  of  this  duration 
is  generally  admitted  to  have  great  influence  upon  the  effect  produced.  It  has  been  stated  that 
a  bar  to  resist,  with  safety,  the  sudden  application  of  a  given  pull,  requires  to  have  twice  the 
strength  that  is  necessary  to  resist  the  gradual  application  and  steady  action  of  the  same  pull. 
From  this  follows  that,  the  more  rapid  the  explosion,  the  greater  the  strain  upon  the  gun.  Not 
that  the  ultimate  pressure  is  greater ;  but  that,  being  produced  in  less  time,  its  effect  is  greater. 

The  cause  of  weakness  in  a  cast-iron  gun  is,  in  the  first  place,  that  the  actual  strength  of  the 
interior  of  a  large  gun,  or  mortar,  is  far  below  that  of  the  average  of  ordinary  castings,  and  always 
must  be  so  whilst  guns  are  cast  solid.  So  long  aa  this  is  the  case,  the  outside  must  cool  and 
solidify  first ;  whilst  the  interior,  cooling  more  slowly,  must  bo  drawn  and  rendered  less  dense, 
and  consequently  less  resisting.  This  cannot  be  obviated  by  any  care  in  selecting  material. 

The  worst  part  of  this  iron,  in  the  chase  of  the  gun,  is  afterwards  bored  out ;  but  still  tho 
metal  around  the  internal  circumference  is  weakened  below  the  average;  and  at  the  bottom  of 
the  powder-chamber  it  is  in  the  worst  possible  condition.  This  is  fully  accounted  for  by  the  law 
of  cooling.  Whenever  a  variation  in  thickness  occurs,  a  difference  in  the  rate  of  cooling  must 
also  take  place;  this  alone  gives  rise  to  a  state  of  varied  stress  amongst  the  particles  of  tho  metal, 
diminishing  the  effect  of  the  metal  as  a  resisting  substance.  In  ordinary  castings  this  is  well 
understood ;  but  the  same  law  operates  in  guns,  though  in  a  smaller  degree ;  take,  for  instance, 
the  accompanying  sketch  of  a  gun,  Fig.  388,  distorted  in  its 
proportions,  for  the  sake  of  illustration,  and  suppose  it  to 
have  cooled  down  after  casting.  Although,  in  the  present 
state  of  our  knowledge  of  the  subject,  it  would  be  impossible 
to  determine  the  absolute  position  of  the  isothermal  lines  at 
any  period  of  cooling,  yet  it  is  certain  they  must  approximate 
to  the  dotted  lines  shown  in  Fig.  388 ;  and  following  these 
lines  according  to  some  definite  law,  would  be  the  lines  of 
equal  stress  of  the  particles  of  the  gun,  when  cold.  When, 
therefore,  the  gun  is  bored  out,  it  is  evident  that  the  inner 
circumference  of  the  bore  must  be  in  a  state  of  varying  strain, 
and  that  strain  is  one  of  tension.  Consequently,  the  internal 
part  of  the  gun  is,  throughout,  in  an  initial  state  of  more  or 
less  tension ,  and,  as  regards  its  power  to  resist  a  tensile  strain, 
it  is  inferior  to  the  normal,  or  average  strength  of  the  material. 
Bnt  beyond  this,  whenever  a  change  of  dimensions  occurs,  the 
cooling  will  give  rise  to  varying  strains,  which  may  account  for 
fracture  taking  place  at  those  particular  parts.  To  obviate  this,  wrought  iron  and  steel  have  been 
tried,  and  in  point  of  workmanship  great  results  have  been  arrived  at ;  but  the  same  objections  apply 
as  to  guns  of  cast  iron ;  the  inner  part  of  the  gun  must  be  in  a  state  of  initial  tension.  The  cxpen.se 
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and  difficulty  of  manufacture  are  also  very  great.  As  a  specimen  of  steel  manufacture,  the  gun 
forged  by  Kriipp,  and  afterwards  bored  and  mounted  in  a  cast-iron  jacket  at  Woolwich,  may  be 
instanced.  It  was  bored  out  to  8  in.,  and  was  from  4  to  4- 5  in.  thick.  Taking  the  tensile  force  of 
hammered  cast  steel  at  40  tons  to  the  square  inch,  the  resistance  would  be  from  320  to  3GO  tons, 
which,  if  the  strain  had  been  uniform  throughout,  would  have  been  equal  to  between  40  and 
45  tons  to  the  square  inch  on  the  diameter  ;  yet  the  gun  burst  at  the  first  discharge,  with  25  Ibs. 
of  powder  and  a  260-lb.  shot.  Mallet  mentions  a  wrought-iron  8-in.  gun,  forged  at  the  Gospel 
Oak  Iron-works,  and  proved  at  Woolwich  in  1855,  which  burst  into  several  pieces  at  the  first 
discharge.  The  thickness  at  the  breech  end  of  this  gun,  which  was  stated  to  be  of  nearly  the 
same  dimensions  as  the  established  cast-iron  guns  of  the  same  calibre,  was  about  9  in. ;  and, 
taking  the  tensile  force  at  20  tons  to  the  square  inch,  the  material,  provided  it  had  been  uniformly 
strained,  ought  to  have  resisted  a  diametral  strain  of  360  tons,  or  about  45  tons  to  the  square  inch. 
This  gun,  which  appeared  in  every  respect  sound  to  the  eye  and  of  perfect  material,  burst  with  a 
proof-charge  of  28  Ibs.  of  powder  and  two  spherical  8-in.  shot.  The  conclusion  han  been  arrived 
at,  that  the  manufacture  of  large  forged  wrought-iron  guns  is  an  operation  of  great  difticulty, 
expense,  and  uncertainty ;  and  however  the  difficulty  and  expense  may  be  decreased,  the 
uncertainty  must  still  remain  ;  at  the  best,  it  is  but  substituting  for  cast  iron  a  material  of  higher 
tensile  strength ;  the  radical  defect  of  a  homogeneous  mass  still  remaining,  namely,  the  unequal 
distribution  of  the  strain  from  the  inner  to  the  outer  circumference.  The  same  remarks  apply 
with  still  greater  force  to  guns  of  hammered  cast  steel,  of  large  dimensions.  The  principle,  which 
appears  to  be  the  basis  of  a  sound  and  reliable  construction,  is  that  of  manufacturing  the  gun  of 
successive  layers,  laid  on  with  an  original  increasing  strain,  from  the  centre  to  the  circumference. 

There  is  an  objection  to  the  use  of  hoops,  from  the  want  of  con- 
tinuity. The  special  requirement  is,  that  each  layer  of  the  gun  shall 
be  in  a  definite  initial  state  of  tension  or  compression  previous  to 
explosion. 

If,  in  Fig.  389,  A  B  C  D  represents  a  portion  of  a  section  of  an 
8-in.  gun,  of  which  A  G  B  is  the  inner  and  D  F  C  the  outer  circum- 
ference, the  state  of  tension  of  any  particle  between  G  and  F  may  be 
denoted  by  ordinates  drawn  at  the  points  in  question,  those  above 
G  F  representing  tension,  and  those  below,  compression.  If,  now,  the 
gun  is  of  any  homogeneous  material,  such  as  cast  iron,  the  state  of 
tension  at  the  time  of  explosion,  and  when  the  gun  is  about  to  burst, 
will  be  denoted  by  a  curve  11 1,  or  H  i.  Then,  supposing  the  tensile 
force  of  the  material  to  be  12  tons  to  the  square  inch,  and  the  thickness 
of  the  gun  6-5  in.,  when  the  strain  at  G  is  G  H,  or  12  tons,  at  F  it  is 
F  I  =  3  tons,  or  F  i  =  1  •  75  ton,  according  as  the  one  or  the  other 
formula  is  adopted.  The  areas  of  these  curves  give,  of  course,  the  total 
strengths  of  the  gun  at  the  bursting  point,  and  are  found  to  be  36 '72 
tons  and  30-871  tons  respectively,  instead  of  78  tons,  which  it  would 
have  been  if  uniformly  strained  at  12  tons  to  the  square  inch.  Now 
the  object  sought  to  be  attained  in  the  method  of  construction  under 
consideration  is,  that  each  particle,  such  as  K,  shall,  when  explosion 
takes  place,  be  equally  strained  with  G.  In  order  that  this  may  be  so, 
the  initial  state  of  the  tension  must  be  such  as  represented  by  the  curve  L  N  M,  those  between 
G  and  N  being  in  compression,  while  those  particles  between  N  and  M  are  in  tension. 

If,  now,  it  is  attempted  to  accomplish  this  by  means  of  hoops,  it  will  be  found  impossible, 
inasmuch  as  each  hoop  is  a  homogeneous  cylinder,  and  follows  the  same  law  throughout  ita  thick- 
ness, as  is  represented  by  the  curve  H  I.  Figs.  390, 391,  and  392,  represent  the  successive  states  of 
stress  of  rings,  put  on  so  as  that  when  explosion  takes  place  they  shall  be  all  equally  straim  <\ 
at  their  inner  circumferences.  Fig.  390  shows  two  rings;  Fig.  391  shows  three  rings;  Fip.  '.'•'.'- 
shows  four  rings.  The  numbers  denote  the  strains  in  tons  per  square  inch.  From  this  it  will  bo 
seen  that  when  the  four  rings  are  put  on,  instead  of  the  curve  L  N  M  of  Fig.  389,  there  are  a  series 
of  abrupt  changes,  the  two  inner  rings  being  in  compression,  and  the  two  outer  in  tension.  When 
the  explosion  takes  place,  the  state  of  maximum  strain  is  represented  by  Fig.  393. 

The  area  between  the  dotted  and  full  lines  shows  the  work  done  by  the  explosion,  and,  taking 
the  total  thickness  of  the  gun,  it  amounts  to  10-1  tons  to  the  inch  of  thickness;  whereas,  had  the 
construction  been  of  very  thin  rings  or  of  small  wire,  it  would  have  been  represented  by  the  area 
between  the  dotted  line  L  N  M  O  H,  Fig.  389,  and  would  have  been  =  12  tons  to  the  inch  of 
thickness,  showing  a  superiority  of  about  20  per  cent,  in  favour  of  the  wire  over  the  hoops.  This 
is  upon  the  supposition  that  the  workmanship  of  the  hoops  is  perfect,  which  is  not  the  case  in 
practice.  To  afford  some  idea  of  the  accuracy  required,  the  radii  of  the  several  rings,  shown  in 
Fig.  393,  are  given  in  the  following  Table : — 


No.  of 
Ring. 

Inner  Radius. 

Outer  Radius. 

Thickness. 

Diffcreno*. 

1 

4-0000 

5-3222 

1-3222 

R,  -  Pt  =  -0031 

2 

5-3191 

7-2928 

1-9737 

K,  -  pt  =  -0035 

3 

7-2893 

9-4633 

2-1740 

K,  -  p4  =  -0035 

4 

9-4598 

11-8247 

2-3649 

Thus  it  appears,  that  in  order  to  give  the  requisite  amount  of  initial  stress,  the  external  radius 
of  the  first  ring  must  be  -nfoVo  °f  an  inc^>  or  a^°ut  TUO  °f  an  incn  'argcr  tnan  &*  internal  radius 
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of  tl.e  Mvnnd:  tlie  extonml  radii  of  the  second  and  third  ^  of  nn  inch  pr.nl,  r  llinr  tin- 
intcriml  rndii  of  the  rings  in  xl  i<>  them.  Therefore,  whilst  the  wholr  effect  ilr|  «-nds  u\»m  so  small 
ft  quantity  a*  about  jfo  of  fin  inch,  it  is  evident  that  a  very  small  i  rmr  in  workmanship  will 
materially  affect  the  result,  and  tend  to  d<-\ -intions  from  the  proper  initial  strains. 


390. 


392. 


393. 


Fi;;  394  represents  the  states  of  stress  of  the  rings  before  explosion  and  at  the  instant  of 
maximum  strain,  when  the  rings  are  accurately  put  on. 

Fig.  395  represents  the  states  of  stress  of  the  same  gun  when  the  outer  ring  has  been  made 
ffai  of  an  inch  too  small. 


394. 


The  result  is,  that  before  explosion  the  maximum  compression  of  the  inner  ring  is  inr 
from  10*086  tons  to  11  244  tons,  and  the  maximum  tension  of  the  outer  ring  from  5  778  tons  to 
7 '823  tons  to  the  square  inch  ;  whilst  at  the  time  of  maximum  strain  during  explosion  the  tension 
of  the  same  ring  is  only  2  268  tons,  although  the  outer  ring  is  strained  to  12  tons,  its  assumed 
ultimate  strength.  The  absolute  strength  of  the  gun  is  thus  reduced  from  an  average  of  10  5  tons 
to  6  tons  per  inch  thickness,  or  about  40  per  cent.,  by  an  error  of  only  -^  of  an  inch  in  a  ring 
about  17  inches  in  diameter.  Rings,  therefore,  present  practical  difficulties  which  are  entirely 
avoided  by  the  use  of  wire,  as  it  may  be  coiled  on  with  the  exact  strain  indicated  by  theory.  The 
method  adopted  by  J.  A.  Longridge  was  to  coil  a  quantity  of  wire  on  a  drum,  fixed  with  its  axis 
parallel  to  that  of  a  lathe  on  which  the  gun  was  placed.  Oil  the  axis  of  this  drum  there  was 
another  drum,  to  which  was  applied  a  break,  similar  in  principle  to  Prony's  dynamometric  break, 
so  adjusted  as  to  give  the  exact  tension  required  for  each  successive  coil  of  the  wire.  The  whole 
apparatus  was  extremely  simple,  and  the  wire  laid  on  with  great  regularity.  It  is  evident  the 
apparatus  might  be  so  arranged  that  the  process  would  proceed  with  the  same  ease  and  regularity 
as  winding  a  thread  on  to  a  bobbin,  and  at  the  same  time  with  the  greatest  accuracy  as  regards 
the  initial  teasion.  No  such  facility  attends  the  use  of  hoops.  They  must  be  accurately  bored ; 
and  after  each  layer  is  pat  on,  the  gun  must  be  placed  in  the  lathe,  and  the  hoops  turned  on  the 
outside.  Great  accuracy  is  indispensable;  and  not  only  is  the  amount  of  labour  much  greater, 
but  it  must  be  of  a  far  higher  and  consequently  of  a  more  expensive  class.  Then,  as  to  the 
accuracy  of  tension  with  hoops,  its  attainment  is  almost  impracticable,  while  the  process  of 
shrinking  on  is  not  to  be  depended  upon.  Not  only  is  there  a  difficulty  in  insuring  the  exact 
temperature  required,  but  scarcely  any  two  pieces  of  iron  will  shrink  identically ;  and  when  the 
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y^j  part  of  an  iuch  of  contraction  would  give  rise  to  a  great  variutiou  in  tension,  the  necessity  of 
perfect  accuracy  is  apparent.  It  has  been  proposed  to  force  the  hoops  in  longitudinal  suctions  l>y 
hydrostatic  pressure  into  a  gun  slightly  conical.  Captain  Blakely,  in  u  lecture  given  by  him  at 
the  United  Service  Institution,  in  1859,  gave  an  account  of  his  experiments.  His  first  gun  was  an 
18-pounder,  Fig  396,  consisting  of  one  series  of  wrought-iron  rings  shrunk  on  a  cast-irou  cylinder, 


5-5  in.  in  diameter  inside,  and  If  in.  thick.  The  wrought-irou  rings  were  from  2  in.  thick 
downwards;  the  total  thickness  of  the  breech  was  3£  in.,  that  of  the  ordinary  18-pounder  serviee- 
gun  being  5|  in.  This  gun  was  fired  frequently,  and  stood  well.  It  was  then  bored  out  aa  a 
24-pounder ;  but  not  being  truly  bored,  the  cast  iron  was  reduced  on  one  side  to  only  J  in.  thick. 
In  this  state  it  sustained  without  in- 
jury several  hours'  firing,  with  charges 
varying  from  one  shot  and  4  Ibs.  of 
powder,  to  one  shot,  two  wads,  and 
8  Ibs.  of  powder.  At  the  third  round 
with  this  latter  charge  it  burst.  This 
gun  had  a  thickness  of  only  2  5  in. 
found  the  charges,  as  compared  with 
a  service  24-pounder  6  in.  in  thickness. 
Capt.  Blakely  next  got  a  9-pounder, 
Fig.  397,  turned  down  from  the  trunnions  to  the  breech,  and  on  this  part  he  put  wrought-iron  rings 
of  such  a  size  as  to  replace  the  metal  removed.  This  gun  was  fired,  round  for  round,  with  a  cast- 
iron  service-gun  of  the  same  size  and  weight.  The  following  Table  gives  the  result : — 


No.  of  Shot. 
Blakely. 

Charge  of 
Powder. 

No.  of 
Shot. 

No.  of  Rounds  fired. 

No.  of  Shot 
Fired 
from  Service-Gun. 

Blakel/s. 

Service. 

Ibs. 

4 

8 

.     2 

2 

2 

4 

86             3 

1 

86 

86 

86 

26             4 

1 

26 

26 

26 

5 

5 

1 

5 

5 

5 

10 

5 

2 

5 

5 

10 

636 

6 

2 

318 

110 

Burst  220 

3             6 

3 

1 

4             6 

4 

1 

.  . 

5             6 

5 

6             6 

6 

7             6 

7 

868 

9             6 

9 

1580             6           10 

158 

2389 

607 

234                    351 

Thus  it  appears  that  Captain  Blakely's  gun  stood  607  rounds,  and  the  Government  service-gun 
only  234  rounds;  the  number  of  shot  thrown  being  2389  and  351  respectively,  or  nearly  as  7  to  1 

Proceeding  with  Longridge's  experiments,  the  first  point  io  be  settled  is  the  amount  of  initial 

^ 
strain  to  be  put  on  each  coil.    The  formula  adopted  by  Longridge  was  t  =  T  . 


St   ^™ 


According  to  Professor  Hart's  investigation,  the  formula  is  t  =  T    B 


which,  in  the 


TB 

case  of  small  wire  is  nearly  t  =  —  — 

These,  however,  are  general  formula}  which  require  m<xliii,-ation,  according  to  tl»c  varying 
circumstances  of  each  case,  before  they  can  be  applied  to  practice. 

Experiments  on  cylinders  prepared  according  to  the  first  lonmiln  IM-P;  .-.„„  u.-U-d  a»  fo 
A  number  of  brass  cylinders  were  prepared  of  exactly  the  eamo  dimensions,  naiuHj 
Internal  diameter    ............ 

External       „  ............      '  A  ?"• 

Thickness  of  brass  ............       A  1Dt 
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Thi-e  v'\linders  wcro  accurately  turned  and  bored,  and  had  a  flango  A  in.  in  depth  and  i  in.  in 
thickness,  at  each  end.  Kadi  end  was  \s  iduned  out,  so  as  to  afford  seating  to  two  gun-metal  balls, 
which  were  accurately  ground  to  fit  them.  The  total 
content  of  each  c\limicr,  with  the  halls  in  their  places, 
was  300  grains  of  the  1»  -t  parting-powder.  When 
the  powder  was  put  into  the  cylinder,  and  the  halls 
were  placed  at  each  end.  the  whole  waa  bound  together 
by  a  very  strong  wroimht-iron  simp,  similar  to  the  strap 
of  a  connecting-rod,  with  a  iib  and  cotter.  The  cotter 
was  driven  tightly  home,  and  the  powder  was  then  fired 
through  a  small  touch-hole  left  in  the  side-seating, 
Fig.  398. 

The  first  experiments  were  to  ascertain  the  effect  of  ~^^B       ^^^ 

the  powder  on  the  cylinders,  without  any  wire.    They 

were  commenced  with  charges  of  powder,  beginning  fit  50  grains,  and  increasing  until  the  cylinder 
burst. 

The  results  were  as  follows  • — 


No.  of 
Experi- 
ment. 

No.  of 
Cyltn- 
der. 

Condition. 

Obup 
of 

Powder. 

BStoet 

1 

1 

Without  wire  

60 

Slightly  bulged. 

2 

H 

„             

60 

Bulged  a  little  more. 

3 

n 

,,             

70 

„                    „      external  diam.  1^. 

4 



80 

n                             11                      11                      To* 

5 

11 

„             

90 

Burst. 

6 

2 

Two  coils  of  wire,  -fa  in  

90 

No  effect. 

7 

„ 

„                   „      one  end  loose 

100 

Bulged  at  loose  end. 

8 
9 

3 
4 

Without  wire  
Six  coils  of  ^  wire       

70 

100 

Bulged  to  1U. 
No  effect. 

10 

99 

11             11         

110 

11 

11 

f| 

120 

„          one  end  of  wire  came  loose. 

12 

It 

(Same  cylinder,  with  one  coil  of) 
I     ^rwire       / 

100 

(  Burst,  the  end  of  the  wire  being  badly 
\     fastened  ;  wire  uninjured. 

IS 

5 

Two  coils  of  ^5  wire     

100 

No  effect. 

14 

n 

»«             11         •• 

120 

n 

15 

M 

130 

11 

16 

6 

Four  coils  of  -^  wire     

120 

11 

17 

11 

11              »         

130 

18 

11 

11              •>         • 

140 

„ 

19 

n              11         

150 

11 

20 

N 

M                          11                 

160 

21 

11                            M                  

170 

M 

22 

jj 

11                            11                   

180 

11 

23 

" 

11                            11                   

200 

The  strength  of  the  wire  used  in  these  experiments  was  ascertained,  by  trial,  to  be  as  resisting 
a  dead  tension ; — 

^5  ..  231bs.  =  120,000  Ibs.  the  sq.  in. 
^  ..  70  Ibs.  =    92,000  Ibs.  the  sq.  in. 

If  now  the  Expansive  force  of  the  powder  is  taken  to  be  inversely  as  the  volume,  its  ultimate 
strength  may  be  approximately  arrived  at  from  the  last  experiment.  The  powder  then  could  not 
burst  the  cylinder.  Now  the  strength  of  the  cylinder,  supposing  all  the  material  to  be  equally 
strained,  could  not  exceed  the  following  to  the  lineal  inch  of  cylinder : — 

Wire 17,9201bs. 

Brass 3,136  „ 

21,(j:>61hs.,  or  9  4  tons. 

As  the  internal  diameter  was  exactly  1  in.,  it  shows  that  the  ultimate  force  of  the  material  in 
Experiment  23  did  not  exceed  9  4  tons  the  sq.  in.  Assuming  the  law  as  above,  the  ultimate 

300 
pressure,  supposing  the  cylinder  to  have  been  full,  could  not  exceed  9*4  x  .  or  13  tons 

fiUU 
the  sq.  in. 

The  enormous  strain  to  which  these  cylinders  were  subjected  is  evinced  by  the  effects  upon 
the  gun-metal  balls,  which  were  more  or  less  cut  away  by  the  gases  where  they  touched  the 
cylinders. 

A  subsequent  experiment  was  conducted  in  the  following  manner : — 

A  brass  cylinder,  Fig.  399,  was  constructed  of  nearly  the  same  internal  dimensions  as  a  3-pound 
mountain-gun,  about  3  in.  diameter  and  36  in.  long.  The  thickness  of  the  brass  was  ±  in. ;  at 
the  breech  end  it  was  covered  with  six  coils  of  steel  wire,  square  in  section,  and  of  No.  16  wire- 
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gauge  =  V;,-  of  an  inch.     These  coils  extended  about  15  in.  along  the  cylinder,  and  were  reduced 
towards  the  muzzle  to  two  coils.    Consequently,  the  thickness  of  the  cylinder  was, 
At  the  breech  -J-in.  brass  +  |-in.  iron  =  |  in. 
„      muzzle  J-in.  brass  -f  i-in.  iron  s=  $  in. 
The  thickness  of  the  3-pounder  gun,  with  which  it  may  be  compared,  being, 

At  the  breech 2'37  in. 

muzzle 0  75  iu. 

This  cylinder  was  not  mounted  as  a  gun;  it  had  no  trunnions;  it  was  clcatod  with  wood;  and 
the  object  of  a  deep  steel  ring,  which  was  screwed  on  the  muzzle,  was  simply  to  cover  the  enda  of 
the  cleating.  This  cleating  had  nothing  to  do  with  the  principle  involved,  and  was  only  used  to 
screen  the  construction  from  general  observation. 

399. 


This  cylinder  was  proved  with  repeated  charges,  varying  from  i  Ib.  of  powder  and  cur  roun.l 
shot,  to  1J  Ib.  of  powder  and  two  shots.  The  cylinder  was  simply  laid  on  the  ground,  with  a  alight 
elevation,  its  breech  abutting  against  a  massive  stone  wall,  so  as  to  prevent  recoil.  It  stood  the 
proof  without  injury.  Another  trial  was  made  with  this  gun,  before  the  Committee  of  Ordnance, 
in  the  following  manner :  — 

The  gun  was  clamped  on  a  block  of  oak  with  iron  elainps,  and  allowed  to  recoil  on  a  wooden 
platform.  Two  rounds  were  fired ;  first  with  a  charge  of  1  Ib.  of  powder,  one  shot,  fixed  to  wood 
bottom,  and  one  wood  over  the  shot :  the  recoil  was  7  ft. ;  the  gun  was  found  to  have  slightly 
shifted  its  position  on  the  block ;  a  trifling  expansion  of  the  wire  had  also  taken  place  at  the  breech. 
At  the  second  round  the  gun  was  fired  with  2  Ibs.  of  powder,  one  shot,  and  one  wad,  and  burnt ;  tho 
separation  took  place  about  2  in.  in  front  of  the  base-ring;  the  breech  was  completely  separated 
from  the  rest  of  the  gun,  and  was  blown  90  yds.  directly  to  the  rear.  The  wire  was  unravelled 
to  the  length  of  3  or  4  ft.,  and  the  brass  cylinder  burst  in  a  peculiar  manner,  turning  its  enda 
upwards  and  outwards.  It  also  opened  slightly  at  the  centre  of  the  gun ,  but  the  wire  did  not 
give  way  at  that  point.  The  ordinary  proof-charge  for  a  gun  of  this  diameter  would  be  1^-lb. 
shot  and  one  wad. 

In  order  to  try  more  particularly  the  effect  of  the  wire  in  giving  strength  to  the  cylinder,  this 
gun  was,  after  bursting,  sawn  in  two  at  the  centre,  and  one  end  of  each  jwrtion  was  plugged  with 
a  brass  plug,  which  was  secured  in  its  place  by  iron  bands  and  several  coils  of  wire :  these  guns 
were  then  secured  to  slides  of  wood,  as  in  the  former  instance;  they  were  placed  op]K«ite  the 
proof-butt,  and  that  made  from  the  breech  end  was  loaded  with  .}  Ib.  powder,  and  shot.  It  bunt , 
the  breech  being  blown  out,  and  the  wire  uncoiling  to  a  considerable  extent. 

The  muzzle  portion  was  then  loaded  with  a  similar  charge.  It  did  not  burst ;  but  was  much 
shaken  by  the  discharge,  and  portions  of  the  iron  bands  gave  way.  It  was  then  loaded  with  1  Ib. 
of  powder  and  one  shot,  which,  on  discharge,  burst  in  two  places,  the  breech  being  completely 
separated  from  the  gun,  and  the  slide  on  which  it  had  been  fired  was  rent  into  several  pieces. 

The  bursting  of  this  cylinder  was  not  due  to  its  construction,  but  to  the  manner  in  which  it  was 
mounted,  shown  in  Figs.  400,  401. 

400. 


J       J 


Experiments  wero  afterwards  mad.-  with  a  pieco  of  the  broken  ryliixl.  r  nbont.  2ft   in 
stripped  of  all  the  wire,  with  the  exception  of  two  coils.     It  was  then  a  brui.8  tube 


168 


AKTILLERY. 


I  in.  thick,  with  t\\<«  roil*  of  unuare  steel  wire,  each  ^  in.  thick,  making  together  }  in.  brass  and 
I  in.  win-.  In  tin-  middle  of  tliis  was  placed  1J  Ib.  of  (Jovcrnment  oumon-povder,  and  the  ends 
were  tilled  with  clo-.-l\ -tilting  wo«.d  plu •„'.*,  fixed  tightly  with  iron  wedges.  A  trench  3  ft.  deep 
WM  then  dug  in  !*tilV  clay,  and  tin-  cylindi-r  laid  nt  the  bottom.  At  each  end  a  railway  sleeper  was 
driv,  n  liriuly  into  tin-  cliiy  ;  tlio  tn-ncli  was  then  lilled  in,  and  the  clay  well  pounded  with  a  heavy 
beater.  Tin-  |».wder  was  then  fired  by  means  of  a  patent  fuse.  The  whole  of  this  arrangement  is 
shown  in  Fiir.  -102.  The  wooden  plugs  and  sleepers  were  thrown  out  with  great  violence,  and  a 
large  man  of  day  Mown  out  at  each  end,  but  the  cylinder  remained  uninjured. 


404 


It  was,  after  this,  charged  with  2  Ibs.  of  powder,  the  ends  filled  with  closely-fitting  iron  plugs, 
and  the  whole  bound  together,  Fig.  403,  by  an  iron  strap  of  a  sectional  area  of  5  sq.  in.  The 
powder  was  then  ignited,  and  the  iron  strap  torn  asunder,  but  the  cylinder  remained  intact,  except 
at  the  ends,  where,  from  the  wire  being  imperfectly  fastened,  it  uncoiled,  and  the  cylinder  was 
torn  open.  Taking  the  tensile  force  of  the  iron  strap  at  18  tons  the  square  inch,  the  force  of  the 
powder  must  have  been  above  13  tons  the  square  inch;  yet  this  was  resisted  by  J  in.  of  brass  and 
J  in.  of  Meel  wire. 

The  diametral  strain  must  have  been  39  tons  ;  and,  taking  the  brass  at  10  tons  the  square  inch, 
it  leaves  34  tons  for  the  steel  wire,  which,  divided  over  the  two  sides,  or  }  in.,  would  give  for  the 
ultimate  resisting  strength  of  the  wire  not  less  than 
136  tons  the  square  inch  of  section.  The  wire  used  was 
of  the  finest  quality. 

Further  experiments  were  now  instituted  ;  firstly,  to 
try  the  effect  of  wire  in  enabling  hard  cast  iron  to  re- 
sist a  bursting  strain  ;  secondly,  with  a  view  of  ascer- 
taining whether  it  was  possible  to  transmit  the  force  of 
the  powder  through  a  thin  breech  of  cast  iron  to  a 
yielding  substance  placed  between  that  breech  and  the 
carriage  of  the  gun. 

Two  sets  of  cylinders  were  prepared;  the  first  set 
arranged  as  shown  in  Fig.  404,  where  A  is  the  powder- 
chamber  ;  B  B,  cast-iron  plugs  ;  C,  the  space  between 
the  bottom  of  the  powder  and  the  plug  B,  filled  u 


up 

with  a  soft  material  ;  D,  a  wrought-iron  strap,  with  jib 
and  cotter  for  keying  up  the  plugs  BB.    The  object 
was  to  ascertain  whether  the  diaphragm  at  EE  would  be  shattered  by  the  force  of  the  explosion. 
Six  cylinders  were  thus  prepared,  and  charged  with  from  50  to  250  grains  of  Government  cannon- 
powder,  the  totnl  contents  of  the  cylinder  being  310  grains. 
The  following  were  the  results  :  — 


No.  of 
Cylinder. 

1 
Wire.                   Charge. 

Results. 

Material  behind  the  Diaphragm. 

groin*. 

0 

Two  coils        .            50 

No  effect         .  .      .  . 

Lead. 

n 

.,      „ 

50 

„                .... 

„ 

»      -i 

100 

m 

120 

_ 

150 

Burst       

1         Four  coila 

ir.o 

No  effect         .  . 

n 

3 

»>      •' 
Six  coils 

180 

Top  flange  burst    .  . 
No  effect         ..    f.. 

„ 

,,      ,, 

'^o(| 

„                 .... 

M 

„      „ 

220 

•• 

«      >» 

240 

Flange  burst  .  . 

6 

Eight  coils 

240 

„                 .... 

8 

n      » 

200 

No  effect         ..      ..      Gutta-percha. 

n 

9 

n        •» 
Ten  coils 

220 
240 

Burst       Gutta-percha  softened  by  heat. 
No  effect         .  .      .  .      Lead. 

» 

»         n 

250 

Flange  burst. 

Iron  wire,  No.  21  gauge,  -fa  in.  diameter,  was  used;  its  breaking  strain  was  60 Ibs. 

In  no  case  was  the  bottom  of  the  cylinder  injured,  except  in  the  second  experiment  with 
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cylinder  No.  8  when  the  gutta-percha  was  softened  by  the  heat  of  the  first  e 
transmitted  the  force  perfectly  in  every  case;  showing  that  there  is  no  nrac- 
tical  difficulty  in  transmitting  the  force  through  even  so  thin  a  diaphra-Mu 
as  TL  of  an  inch,  even  when  of  so  brittle  a  material  as  cast  iron 

The  second  set  of  cylinders.  Fig.  405,  each  contained  305  grains  when 
full  to  the  plug  The  plugs  fitted  accurately,  and  the  powder  was  fired 
through  a  small  touch-hole,  the  size  of  a  pin,  with  the  followin-  results  • 
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No.  of 
Cylinder. 

Wire. 

Charge. 

Results. 

Remark). 

grains. 

0 

None 

40 

No  effect. 

» 

11         ... 

50 

|| 

»         ... 

60 

)! 

„         ... 

70 

55" 

i)         ... 

80 

Burst. 

Four  coils 

130 

No  efl'ect. 

»      )> 

150 

Flange  burnt. 

Eight  coils    . 

200 

No  effect  .. 

A  wrought-iron  "fingi 

»      » 
»      »         • 

220 

240 

>  >  ~  t  * 

») 

J  in.  deep,  contracted 
on  flange. 

»      » 

zoO 

si 

»      » 

260 

u 

!>             )> 

270 

« 

»             » 

280 

u 

5 

))             >» 
»>             »» 

290 
200 

»? 
)» 

Hoop  on  flange  shifted. 

»> 

))             )t 

220 

>? 

>» 

V            » 

230 

?) 

1 

)»            »                ' 

Four  colls 

240 
200 

No  effect. 

Flange  cracked. 

10 

V             ))                             | 

Ten  coils       .     i 

250 
310 

No  effect. 

Flange  cracked. 

I 

In  these  experiments  the  same  wire  as  in  the  last  was  used.    Its  breaking  strain  was  (JOlbs  • 
consequently,  the  actual  strength  of  the  material  in  the  cylinder  to  the  lineal  inch  was  :— 


No.  0.     Cast  iron  0  •  10  x  2  x  tons  . . 

Nil. 

Cast  iron,  as  above 
Wire  4  x  28  x  2  x 


60 
2240 


I  Cast  iron,  as  above 
»    7-Wire8x28x2 


Tons. 
=       1-76 

=       1  76 

=;       6  00 

=       1-76 
=     12  10 


Tons. 
1-76 


„    5.     Same  as  No.  7 

4  9 

>•     *•  ,»  v          •          .... 

(  Cast  iron        

"  10>     Wire  10  x  28  x  2  x  ^ 


=       1-76 
=     15-00 


13  76 
13-76 

7  76 

16-7G 


The  enormous  force  of  the  expansive  gases  in  these  experiments  was  shown  by  thoir  noti.ni  <m 
the  plugs,  which,  although  accurately  fitted  and  of  hard  iron,  were  chiselled  and  grooved  out  in  nn 
extraordinary  manner ;  the  rents,  too,  were  rapidly  enlarged.  The  results  obtained  as  regards 
strength  were  so  conclusive,  that  Longridge  proceeded  to  construct  a  email  gun,  reprowntnl  in 
Fig.  406.  This  gun  was  2'96  in.  in  bore,  and  36  in.  long  in  the  clear;  it  had  on  it  twrlv.  ...IN 
of  No.  16  W.  G.  iron  wire  at  the  breech,  decreasing  to  four  coils  at  the  muzzle.  Tin;  thirkm  .-.•«  «'f 
cast  iron  was  i£  in.  at  the  breech  and  £  in.  at  the  muzzle.  The  gun  was  cast  hollow,  and  a  rcceM 
left  in  the  thick  part  of  the  breech,  in  which  an  india-rubber  washer,  j  in.  thick,  waa  placed. 
The  trunnions  formed  no  part  of  the  gun,  but  consisted  of  a  strap  passing  round  tin-  I'm  <•!).  \\  ilh 
two  side-rods  extending  about  one-third  the  length  of  the  gun.  and  («Tminatiiit:  in  tl"1  trmmiona 
themselves.  Thus  the  whole  force  of  the  recoil  wna  transmitted  through  tin-  heavy  mam  at  the 
breech,  then  through  the  caoutchouc,  and  along  the  side-rods  to  the  trunnions.  Tlir  \vlidc  WM 
mounted  on  a  wood  carriage  on  four  roller-wheels,  about  8  in.  in  diameter.  The  weight  of  the 
gun  and  wrought-iron  trunnion-strap  was  3  cwt.,  and  the  carriage  2  cwt.  Oqr.  ISlbs.,  making  n 
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of  5cwt.  Oqr.  15 Iba.    The  shot  were  cast  as  nearly  the  M/I;  <'f  the  bore  as  possible,  so  as  to  move 
freely,  but  with  very  little  windage.    The  spherical  shot  weighed  3J  lb«.,  and  the  conical  shot 


406. 


from  6  to  7J  Ibs.    The  following  Table  exhibits  the  results  of  the  trial  of  this  gun  with  70°  eleva- 
tion, Government  cannon-powder  being  used. 


No. 

Description  of 
Shot. 

Weight. 

— 

Charge  of 
Powder. 

Range  to  Firvt  Graze. 

Ihs. 

o 

oz. 

yds. 

9 

Round  .. 

M 

7 

11 

1400 

4 

Elongated   . 

3 

7 

11 

1200 

5 

6 

7 

8 

1220 

6 

7* 

7 

11 

1542 

B 

7 

7 

11 

Lost  beyond  1500 

7 

7 

7 

16 

„            1800 

10 

6} 

7 

16 

1500 

11 

6J 

7 

16 

Lost  beyond  1800 

407. 


The  variations  in  range  were  due,  partly,  to  not  having  very  exact  means  of  adjusting  the 
elevations,  and  partly  to  differences  in  the  form  of  the  shot.  The  trials  just  described  were, 
moreover  only  intended  as  preliminary,  it  being  intended  to  carry  out  a  more  complete  series  at 
another  time.  Unfortunately,  this  intention  was  frustrated  by  an  accident  which  destroyed  the 
gun.  Longridge  had  an  idea  that  it  might  be  possible  to  obtain  more  accuracy  of  flight  by 
using  shot  somewhat  on  the  principle  of  an  arrow,  Fig.  407,  with  a  long,  light  shaft,  and  heavy 
head.  The  head  was  of  cast  iron,  and  weighed  about  8£  Ibs. ; 
the  shaft  was  of  fir,  fitted  tightly  into  the  iron  head.  When 
fired  by  mistake  with  a  heavy  charge  of  powder,  the  wood 
was  driven  forward  with  great  force,  entering  and  splitting 
the  iron  head.  This  was  wedged  so  tightly  in  the  chase, 
that  it  never  left  the  gun,  but  tore  it  asunder  about  12  in. 
from  the  muzzle.  The  muzzle  with  the  shot  in  it  were  thrown  forward  about  15  yds.,  and  the 
wire  was  uncoiled,  but  not  broken.  This  accident  was  due  to  the  action  of  the  shot,  and  had 
nothing  to  do  with  the  principle  upon  which  the  gun  was  constructed.  Enough,  however,  had  been 
done  to  show  that,  with  a  gun  weighing  only  3  cwt.,  a  shot  of  7jlbs.  could  be  thrown  from  1500 
to  1800  yds.,  a  result,  it  is  believed,  not  attainable  by  any  6-pounder  in  the  service. 

We  now  proceed  to  describe  the  guns  recently  adopted  by  the  French  navy.  These  guns  are 
of  cast  iron,  strengthened  by  steel  hoops  up  to  the  trunnions,  or  even  a  little  further  on  the  chase ; 
they  are  all  rifled  and  breech-loading.  The  shot  used  are  of  two  kinds:—!.  Oblong,  or  elongated 
hollow  shot,  containing  gunpowder  and  an  arrangement  for  firing  it  at  the  moment  of  impact ; 
2.  Cast  steel  cylindrical,  or  cylindrical  ogival-headed  shot,  to  be  used  against  iron-clad  vessels ; 
the  former  at  short,  the  latter  at  long  distances.  Both  kinds  of  shot  are  provided  with  two  rows 
of  projections,  fitting  in  the  rifled  grooves  of  the  gun,  and  made  of  zinc,  copper,  or  bronze.  The 
powder-cartridges  are  made  of  parchment-paper,  while  a  wad  of  cork  or  dry  sea-weed  is  placed 
between  the  powder  and  the  projectile.  Tho  calibre  of  these  guns  is  0- 16  m.;  0  19  m.;  0-24  m.; 
0  •  27  m.  The  following  are  the  chief  dimensions  of  each  of  these  guns ; — 

Rifled  Gun  of  0'16  m.  Calibre. 

Total  length       3'385  m. 

Diameter  at  the  breech 0*634  m. 

Diameter  of  bore       0-1647  m. 

Weight  of  gun 5000  kilos. 

The  bore  is  made  with  three  parabolic  grooves,  the  inclination  of  which  varies  from  0°  at  the 
beginning  to  6°  at  the  mouth  of  the  gun.  With  a  charge  of  5  kilos,  of  powder,  and  elongated 
projectile  weighing  31 '5  kilos.,  and  a  wad  0*16  m.  in  length,  the  range  of  this  gun  was  as 
follows : — 

950  metres,  at  an  angle  of  2° 
3500        „          „  10° 

7250  35° 
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this  last  distance  the  lateral  de 
average, 

- — ,  . —  -,.U6v-  v/i  »i.c  ugivni-ueaueu  projecine  at  f  waa  al 

metres;  the  correctness  and  length  of  range  were  about  the  same  as  when  the  elongated  shot 
a  charge  of  5  kilos   were  used.     The  last-mentioned  steel  shot  must  not  be  fired  at  ironclad 
vessels  at  a  greater  distance  than  600  metres ;  but  at  a  distance  of  300  metres  this  steel  So4p 
forates  iron  plates  of  lo  centimetres  thickness. 

Rifled  Gun  of  0  19  m.  Calibre. 

Total  length        3-800  m 

Diameter  at  the  breech      0-771' m 

Diameter  of  bore         ."      ..     0  194  m 

Weight  of  gun     ,.,,."     8000  kilos. 

The  bore  is  made  with  five  parabolic  grooves,  the  inclination  of  which  varies  from  0^  at  the 
beginning  to  6°  at  the  mouth  of  the  gun.  With  a  charge  of  8  kilos.,  a  cast-iron  projectile  wi-hi.,- 
52  kilos.,  and  a  wadding  of  sea-weed  190  millimetres  long,  between  the  powder  and  she?  the 
range  of  this  gun  was : — 

900  metres,  at  an  angle  of  2° 
3300  „  „  „  10° 
7000  „  „  „  35° 

At  this  last  distance  the  lateral  deviation  is  about  14  metres,  and  the  average  longitudinal 
deviation  about  42  metres.  With  a  charge  of  12-5  kilos.,  and  a  cylindrical,  or  cylindrical  o-ival- 
headed  projectile  weighing  75  kilos.,  the  range  of  this  gun  is,  under  the  same  angle  of  inetination 
nearly  the  same  for  a  distance  of  from  800  to  1000  metres.  The  cylindrical  projectile  is,  how- 
ever, only  intended  to  be  fired  to  a  distance  of  300  metres.  The  solid  steel  projectiles  are 
formidable  weapons  against  iron-clad  vessels  covered  with  armour-plates  of  15  centimetres,  at 
distances  varying  from  300  metres  for  the  cylindrical  and  800  metres  for  the  cylindrical  ogi'val- 
headed  shot. 

Rifled  Gun  of  0'24  m.  Calibre.  •    • 

Total  length        4-560  m. 

Diameter  of  the  breech       0'980m. 

Diameter  of  the  bore  ..      ..      0'240m. 

Weight  of  the  gun      14,000  kilos. 

The  bore  is  made  with  five  parabolic  grooves,  the  inclination  of  which  varies  from  0°  to  6°. 
With  a  charge  of  16  kilos,  this  gun  throws  an  elongated  shot,  weighing  on  an  average  100  kilos., 
as  follows : — 

1000  metres,  at  an  angle  of  2° 
3600  „  „  „  10° 
7800  „  „  „  35° 

With  a  charge  of  20  kilos,  this  gun  projects  a  steel  cylindrical  ogival-headed  shot  weighing 
144  kilos.  At  an  angle  of  3°  the  range  is  1120  metres  with  the  ogival-headed  and  1020  metres 
with  the  cylindrical  shot.  This  gun  has  the  greatest  effect  within  1000  metres,  at  which  distance 
a  few  shots  fired  from  it  would  destroy  the  heaviest  and  strongest  walls  in  existence. 

A  cylindrical  projectile,  weighing  144  kilos.,  fired  against  a  shield  constructed  of  80  centi- 
metres of  wood  and  armour-plate  of  15  centimetres,  not  only  perforated  that  shield,  but  also 
carried  with  it  140  to  150  kilos,  of  the  iron  plate  and  about  a  cubic  metre  of  wood* 

Rifled  Gun  of  0  •  27  m.  Calibre. 

This  gun  is  of  the  same  construction  as  the  three  last  mentioned, — n>.  a  cast-iron  bn-ti-h 
loading  gun  strengthened  by  steel  hoops.  Its  dimensions  are : — 

Total  length        4-600  in. 

Diameter  at  the  breech      l-133m. 

Diameter  of  the  bore 0  •  275  m. 

Weight  of  gun 22,000  kilos. 

With  a  charge  of  24  kilos,  it  throws  an  elongated  projectile  weighing  144  kilos. ;  with  a  charge 
of  30  kilos,  it  throws  a  solid  steel  cylindrical,  or  cylindrical  ogival-headed  shot  wcii^liinir  210  kilns. 

Two  cannons  of  42  centimetres  calibre  were  lately  cast  at  Kuelle.  The  material  of  whiHi  tln-y 
were  composed  was  cast  iron  strengthened  by  steel  hoops.  These  guns  weigh  each  37,000  kil«->. : 
the  diameter  of  the  bore  is  0  •  424  m.  The  extreme  external  diameter  is  1  •  360  m. :  diameter  at  the 
breech,  1  -300  m. ;  diameter  at  the  end  of  the  hooped  part,  1  050  m.  Thin  gun  will  throw  :— 

1.  A  solid  spherical  shot  0-42  m.  diameter,  and  weighing  300  kilos.,  with  a  j>owder-charge  of 
50  kilos. 

2.  A  hollow  spherical  projectile,  weighing  210  kilos.,  containing  9  kilos,  of  gunpowder,  with  a 
charge  of  33  kilos. 

The  Fraser  gun  is  mada  according  to  Armstrong's  system,  with  bar-iron  wound  round  a  solid 
mandril.  This  description  of  gun  is  made  of  three  different  calibres,— 9  in.,  0'228  m.:  8  in., 
0  203  m.;  7  in.,  0  177  m.  The  wrought  bar-iron  used  is  submitted  to  a  ntraiii  of  21  to  23  ton* 
the  square  inch ;  if  it  does  not  stand  this  test,  its  strength  is  insufficient ;  if  it  is  «tronger,it 
becomes  too  unmanageable.  The  bars  are  welded  together,  after  testing,  in  lengths  vary  it 
50  to  200  ft.  =  15  m.  to  60  m.  These  long  bars  are  then  placed  in  a  reverberatory  furnnoe, 
through  which  they  are  dragged,  as  they  become  sufficiently  hot,  to  be  rolled  on  a  mandril .  JMf 
are  then  submitted  to  the  blows  of  a  steam-hammer. 
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•<  represents  the  2l-<vntim<-tr«'  gun  <>n  it 
Fig.  40'.»  tin-  'JI-1-.  ntiiu.'trr  .1:1111  iu  course  of  construction  mul  partly  hooped, 
lid,  h"«>i>  \vitli  trunnions. 
,  1 1.  lircivh  screw  tun  I  plug  for  gun  <>f  :M  centimetre*  calilnv. 


408. 


American  Cast-iron  Guns. — Although  the  United  States'  Government  has  made  little  progress 
in  the  adaptation  of  wrought  iron  and  steel  to  cannon-making,  it  has  certainly  attained  to  a 
remarkable  degree  of  perfection  in  the  figure,  material,  and  fabrication  of  its  cast-iron  guns. 
While  constructors  in  'Europe  have  carefully  preserved  the  traditional  shapes  and  ornamentation 
of  early  times,  shapes  that  once  had  a  significance,  but  are  now  only  sources  of  weakness,  the  aim 
in  America  has  been  to  ascertain  the  exact  amount  and  locality  of  st /••"//.  :m<l  to  proportion  the 
parts  with  this  reference,  to  the  entire  abandonment  of  whatever  is  merely  fanciful  and  tradi- 
tional. 

The  consequent  saving  of  weight  with  a  given  strength  at  the  point  of  maximum  strain,  is 
well  illustrated  by  placing  a  section  of  the  British  8-in.  gun,  68-pounder,  over  that  of  the  United 
States'  army  8-in.  columbiad,  Fig. 
412. 

Rodman's  process  of  casting  guns 
hollow  and  cooling  them  from  \s  i th- 
in, for  the  purpose  of  modifying  the 
initial  strains,  when  added  to  the 
ad  vantages  of  good  proportion  and 
strong  material,  produces  nearly  or 
quite  the  best  result  attainable 
with  simple  cast  iron.  But  the 
tension  of  this  material  at  its 
elastic  limit  is  so  low,  that  it  will 
not  alone  endure  the  pressure  ne- 
cessary  to  give  the  highest  velo- 
cities to  the  heavy  projectiles 
demanded  by  iron-clad  warfare. 

Considering,  however,  the  failure 


of  such  a  large  proportion  of  the 
heavy  wrought-iron  guns,  Uith 
built-up  and  solid,  and  the  pre- 
sent scarcity  and  enormous  cost  of 
steel  masses  of  the  proper  quality, 
it  is  by  no  means  certain  that  the 
cast-iron  barrel  lined  with  steel, 
or,  as  so  largely  and  successfully  used  in  America,  France,  and  Spain,  strengthened  by  hoops,  is 
not  the  best  temporary  resort. 

Hollow  casting,  the  most  obvious  means  of  improvement,  is  not  deemed  important  for  heavy 
ordnance  alone.  The  4  2-in.  rifled  United  States'  siege-gun,  Fig.  413,  is  cast  hollow  and  cooled 
from  within.  Indeed,  the  advantages  of  the  process  can  be  better  realized  in  the  8  or  10  in 
barrel  cast  for  hooping,  than  in  the  15-in.  columbiad. 

All  United  States'  army  guns  down  to  4  2-in.  bore  are  hollow-cast.  The  20-in.,  15-in.,  and 
13-in.  navy  guns  have  been  cast  hollow.  Fig.  414  shows  the  15-in.,  and  Fig.  415  the  13-in. 
gun. 
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abstract  °f  °ffidal  rcports  wil1  exP'alQ  *he  conduct  and  result*  of  the  hollow- 

On  Ihe  4th  of  August,  1849,  two  8-in.  columbiads  were  cast  at  the  Fort  Pitt  Woik-   from  the 
same  iron.     No.  1  was  cast  solid,  in  the  usual  manner;  No.  2  was  cast  on  a  boUovmn  through 
which  a  stream  of  water  passed  while  the  metal  was  cooling.      The  iron  for  l..ih  ,,,.tii»e«  *„« 
melted  at  the  same  time  m  two  air-furnaces,  each  containing  14,000 Ibs.     After  meliin-    the  lioui 
iron  remained  m  the  furnaces,  exposed  to  a  hi<*h  IK  at,  for  one  hour;  it  was  thin  rlfachvnd  b 
a  common  reservoir,  whence  it  issued  in  a  single  stream,  which,  after  proceeding  a  few  feet  gene- 
rated into  two  branches,  one  leading  to  each  mould. 


The  solid  casting  was  cooled  as  usual  in  an  open  pit.    The  hollow  casting  was  cooled  in  th 
interior  by  passing  a  stream  of  water  through _ the  core  for  a  period  of  40  hours,  when  the  cor.- 
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of  the  water  was  increased  203  during  the  1st  hour;  13a  during  tlie  20th  hour;  8°  during  the  40th 
hour;  and  3°  during  the  60th  and  last  hour..  The  weight  of  the  water  passed  through  wan  30 
times  the  weight  of  the  casting;  and  the  heat  imparted  by  the  casting  to  tlie  water,  and  carried 
off  by  the  latter,  was  equal  to  10  '  on  the  whole  quantity  of  water  used.  The  mould  for  this  caj-tiim' 
•was  placed  in  a  covered  pit,  which  had  previously  been  heated  to  about  400°;  and  this  heat  was 
kept  up  as  long  as  the  stream  of  water  was  supplied.  Both  columbiads  were  completed  and 
inspected  September  6th,  and  were  found  to  be  accurate  and  uniform  in  their  dimensions  and 
weights. 

The  charges  used  in  testing  the  guns  were  as  follows : — 

Proof  Charges. — 1st  fire,  12 Ibs.  powder,  1  ball,  and  1  wad;  2nd  fire,  15 Ibs.  powdi-r.  1  sln-11.  and 
1  sabot. 

Service  Charges.— 10  Ibs.  powder,  1  ball,  and  1  sabot:  mean  weight  of  balls  used,  63J  Ibs.; 
mean  weight  of  shells  used,  49  Ibs. ;  mean  proof  range  of  powder  used,  29,s  \  .I.-. 

The  guns  were  fired  alternately,  up  to  the  85th  round,  at  which  columbiad  No.  1,  cast  solid, 
burst.  Then  the  proof  proceeded  with  No.  2,  which  burst  at  the  251st  round,  having  endured 
nearly  three  times  as  much  service  as  the  other. 

In  1851,  two  more  8-in.  columbiads  were  cast  at  the  same  foundry,  and  under  similar  circum- 
stances ;  the  one  was  cast  solid,  and  the  other  hollow.  The  iron  for  both  remained  in  fuhion  ty 
hours,  exposed  to  a  high  heat. 

The  core  for  the  hollow  gun  was  formed  upon  a  water-tight  cast-iron  tube  closed  at  the  lower 
end.  The  water  descended  to  the  bottom  of  this  tube  by  a  central  tube  open  at  the  lower  end, 
and  ascended  through  the  annular  space  between  the  tubes.  The  water  passed  through  the 
core  at  the  rate  of  2J  cubic  ft.  a-minute,  or  150  ft.  an  hour.  At  25  hours  after  casting,  tin  r«ro 
was  withdrawn,  and  the  water  thereafter  circulated  through  the  interior  cavity  formed  l>v  tin- 
core,  at  the  same  rate  for  40  hours ;  making  65  hours  in  all.  The  whole  quantity  of  water  ptuMed 
through  the  casting  was  nearly  10,000 cubic  ft.,  weighing  about  300  tons,  or  about  50  times  tin- 
weight  of  the  casting.  The  heat  imparted  by  the  casting  to  the  water,  and  carried  ofl  by  the 
latter,  was  equal  to  6°  on  the  whole  quantity  of  water  used. 

A  fire  was  kindled  in  the  bottom  of  the  pit  directly  after  casting,  and  was  continued  60  hours. 
The  pit  was  covered,  and  the  iron  case  containing  the  gun-mould  was  kept  at  as  high  a  tem- 
perature as  it  would  safely  bear,  being  nearly  to  a  red  heat,  all  the  time. 

In  the  same  year,  two  other  10-in.  columbiads  were  cast,  of  the  same  iron,  the  one  solid,  and 
the  other  hollow.  Both  moulds  were  placed  in  the  same  pit,  and  all  the  space  in  the  pit  mit.-id*- 
of  the  moulds  was  filled  with  moulding-sand,  and  rammed.  This  was  done  because  the  iron 
cases  of  the  moulds  were  not  large  enough  to  admit  the  usual  thickne-s  of  day  in  tin-  wall*  of 
the  mould.  It  was  apprehended  that  the  heat  of  the  great  mass  of  iron  within  would  ]» netrato 
through  the  thin  mould,  and  heat  the  iron  cases  to  much  as  to  cause  them  tc  yield  and  let  the  iron 
run  out  of  the  mould.  The  external  cooling  of  the  10-in.  hollow  gun,  by  the  contact  of  the  flask 
with  green  sand,  was  therefore  much  more  rapid  than  that  of  the  s-in.  hollow  pun. 

Water  was  passed  through  the  core  at  the  rate  of  about  4  cub.  ft.  a-minute.  or  240  ft.  an  hour, 
for  94  hours;  amounting  in  all  to  22,560  ft.,  weighing  alxiut  TOO  tons,  or  TO  time.-  thewdghl  «>l '  tli«> 
casting.  The  mean  elevation  of  the  temperature  of  all  the  water  passed  thronu'li  the  <•••!••  in  !»l 
hours,  was  about  3J°.  At  the  end  of  this  period  an  attempt  was  made  to  withdraw  the  run-  fmm  the 
casting,  which  proved  unsuccessful.  The  contraction  of  the  iron  around  it  held  it  so  firmly,  that 
the  upper  part  of  it  broke  off,  leaving  the  remainder  imbedded  in  the  casting.  The  MI.  am  "f 
water  was  then  diminished  to  about  2  ft.  a-minute.  which  continued  to  circulate  thmn-h  tin-  core 
for  48  hours.  The  supply  of  water  allotted  to  and  circulated  through  l>oth  the  *-m  ami  10-in. 
guns  was  equal,  in  weight,  to  the  weight  of  each  casting,  in  alxuit  1  hour  ami  'J»  nunntc  ... 

When  proving  these  guns,  80  rounds  a-day  were  easily  made  with  7  men  in  />  boon,  fn 
8-in.  gun,  and  with  9  men,  60  rounds  were  made  in  the  same  time  from  the  10-in  pm. 
were  sometimes  made  from  the  8-in.  gun  in  30  minutcH.    The  two  guns  making  UM  l*ir  to 
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compared  were  firod  alternately,  one  discharge  from  cadi,  in  regular  succession,  until  one  of  thorn 
burst,  when  the  firing  of  the  survivor  was  continued  l.y  itself.  The  JM.  \\ilcr  <>f  tlic  cartridges  of 
each  pair  was  of  the  same  proof  range,  and  taken  from  the  same  cask. 

/Vw//  C/i-injes.  —  8-in.,  1st  round.  1'J  H>s.  powder,  one  ball  and  sabot,  and  1  wad;  8-in.,  2nd  round, 
15  Iks.  po\\der.  1  tdiell  with  sal><>t:  10-in..  l.-t  round,  20  11  13.  powder,  1  bull  und  xil">t.  and  1  \\ad; 
10-in  ,  'Jnd  round.  L'4  Ibs.  powder,  1  shell  with  sabot. 

*-iu.,  10  Ibs.  po\\d.  r,  1  l.all  with  sabot;    10-in.,  18  ll>s.  jxiwdcr,  1  ball  with 
•abot.     Weight  of  8-iii.  balls,  63$  Ibs.  ;  of  shells,  48J  Ibs.  :  weight  of  10-in.  bulls,  1  24  Ibs.  ;  of  shells, 

yi  ii*. 

The  mimlwr  of  rounds  fired  from  each  gun,  including  proof  charges,  were  as  follows  :  —  8-in. 
gun,  N".  :;.  .  .e-t  solid,  73  rounds;  S-in.  gun,  No.  4,  cast  hollow,  1500  rounds:  10-in.  gun,  No.  5, 
-••lid,  _''i  rounds;  10-iu.  gun,  No.  6,  cast  hollow,  249  rounds. 

Each  of  them,  excepting  the  S-in.  gun.  No.  4,  cast  hollow,  burst  at  the  last  round;  and  that 
remains  unbroken,  and  apparently  capable  of  much  further  service. 

On  comparing  the  enlargements  (,t'  the  Ixires.  made  by  an  equal  number  of  rounds  of  the  guns 
cast  solid  with  those  cost  hollow,  it  will  be  seen  that,  in  both  pairs  of  guns,  the  enlargem. 

•  in  those  cast  hollow. 

The  less  endurance  of  the  10-in.  hollow  gun  than  that  of  the  8-in.  hollow  one,  is  accounted 
for  by  the  fact  that  the  10-in.  gun  hod  no  fire  on  the  exterior  of  the  flask  while  cooling,  it  having 
been  rammed  up  in  the  pit,  where  it  was  supposed,  at  the  time  of  casting,  the  heat  of  the  gun  would 
have  been  retained  by  the  sand  until  the  interior  should  have  been  cooled  by  the  circulation  of 
water  through  the  core-barrel.  This  supposition  was  found  to  be  erroneous  on  digging  out  the 
sand,  as  its  temperature  was  found  to  be  much  lower  than  had  been  expecti  d. 

One  of  the  l.Vin.  American  naval  guns  was  fired  900  times  at  elevations  from  0  to  5°.  The 
charge  commenced  at  35  Ibs.  It  was  then  increased  to  50  Ibs.  With  CO  Ibs.,  220  rounds  wen; 
fired.  The  gun  at  length  burst  with  70  Ibs.  The  shot  in  all  cases  was  440  Ibs.  After  the  first 
HOG  rounds,  the  chamber,  Fig.  414,  was  bored  out  to  a  nearly  parabelic  form,  and  the  cliase  was 
turni-d  down  3  in.,  so  as  to  fit  the  port  designed  for  the  13-in.  gun. 

CoiuiMmls.  —  The  columhiads.  Figs.  416,  417,  are  a  species  of  sea-coast  cannon,  which  combine 
certain  qualities  of  the  gun,  howitzer,  and  inortar  ;  in  other  words,  they  are  long,  chambered  pieces, 
capable  of  projecting  solid 
shot  and  shells,  with  heavy 
charges  of  powder,  at  high 
angles  of  elevation,  and  are 
therefore  equally  suited 
to  the  defence  of  narrow 
channels  and  distant  road- 


The  Columbian*  was  in- 
vented by   Bumford,  and 
used  in  the  war  of  1812 
for  firing  solid  shot.    In  1844  the  model  was 
changed,  by   lengthening  the  bore  and  in- 
creasing the  weight  of  metal,  to  enable  it  to 
endure  the  increased  charge  of  powder,  or 
£th  of  the  weight  of   the  solid  shot.     Six 
years  after  this,  it  was  discovered  that  the 
pieces  thus  altered  did  not  always  possess 
the  requisite  strength.     In  1858  they  were  degraded  to  the  rank  of  shell  guns,  to  be  fired  with 
diminished  charges  of  powder,  and  their  places  supplied  with  pieces  of  improved  model. 

The  changes  made  in  forming  the  new  model,  consisted  in  giving  greater  thickness  of  metal 
in  the  prolongation  of  the  axis  of  the  bore,  which  was  done  by  diminishing  the  length  of  the  bore 
itself;  in  substituting  a  hemispherical  bottom  to  the  bore  and  rf  moving  the  cylindrical  chamber  ; 
in  removing  the  swell  of  the  muzzle  and  base  ring  ;  and  in  rounding  off  the  corner  of  the  breech. 
The  present  model,  as  illustrated,  was  proposed  by  Rodman,  in  18UO. 

In  addition  to  the  heavy  ordnance  before  mentioned,  the  Navy  Department  has  introduced  a 
superior  gun  of  10-in.  calibre,  called  a  125-pounder.  The  exterior  dimensions  are  nearly  the  same  as 
those  of  the  11-in.  gun,  except  that  the  maximum  diameter  of  the  reinforce  is  continued  farther 
forward,  3  calibres.  The  first  of  these  guns  was  cast  solid,  and  endured  47  Ibs.  of  powder 
and  125-lb.  balls  for  some  hundred  rounds.  The  new  10-in.  un  is  cast  hollow;  charge,  40  Ibs.  ; 
shot,  125  Ibs. 

The  chambers  of  the  Navy  13  and  15  in.  guns,  as  shown  in  Figs.  414,  415,  have  recently  oeen 
changed  to  a  shape  nearly  paralxilic. 

The  Navy  Department  has  four  12-in.  rifles,  cast  hollow,  of  about  the  exterior  dimensions  of  the 
15-in.  gun.  It  ia  believed  that  they  will  have  satisfactory  endurance  with  50-lb.  charges  and 
000-lb.  bolts. 

Twenty-inch  guns  for  the  army  and  navy  have  recently  been  cast  at  Pittsburg.  The  following 
are  the  particulars  of  the  metal  and  the  fabrication  of  the  first  20-in.  army  gun  :  — 

The  iron  was  high  No.  2,  warm  blast,  200°  hematite,  from  Blair  county,  Pennsylvania.  The 
smelted  pigs  were  remelted  and  cast  into  pigs,  which  were  again  melted  in  three  air-furnaces.  The 
weight  of  iron  was  172,000  Ibs.  ;  the  time  of  melting,  1\  hours  ;  the  time  of  casting,  23  minutes. 
Water,  run  through  the  core  at  the  rate  of  30  gallons  a-minute,  during  the  first  hour  was  heated 
from  36°  to  92°;  during  the  second  hour,  at  the  rate  of  60  gallons  a-minute,  water  emerged  at  61°. 
From  the  15th  to  the  20th  hour  after  casting,  the  water  was  heated  21-5°.  After  the  26th 
hour  the  core-barrel  was  removed,  and  air  was  forced  into  the  bore  at  the  rate  of  2000  cubic  feet 
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a-raimite.  The  metal  was  considered  too  high  to  be  cooled  by  the  direct  contact  of  water  >  t  the 
50th  hour  after  casting,  the  air  emerging  from  the  gun  was  130  seconds  in  rising  GO0  to  212°  f  hr 
gun  was  cast  on  the  llth  of  Feb- 
ruary, 1804.  On  the  17th,  the  dif- 
ference in  the  temperature  of  the 
entering  and  emerging  air  was  100° ; 
on  the  20th  it  was  33°.  Air  circu- 
lated through  the  bore  till  the  24th. 
The  mould,  5  to  6  in.  in  thick- 
ness, was  made  in  a  two-part  iron 
flask,  1 1 'in.  thick.  On  the  23rd  the 

upper  part  of  the  mould  was  removed  ;  on  the  24th  the  lower  part  was  removed  ;  on  the  25th  the 
gun  was  removed  from  the  pit. 

The  density  of  the  metal  taken  from  the  casting  was  7-3028.    The  tenacity  was  28  737  Iba.  ner 
square  in. 

Fig.  418  shows  a  section  of  the  11-in.  Dahlgrengun  used  in  the  United  States'  navy. 

PARTICULARS  AND  CHARGES  OF  U.  S.  HOLLOW-CAST  IRON  ARMY  ORDNANCE. 
The  Heavy  Guns  have  no  Preponderance. 


Name  of  Gun. 

Length. 

Length 
of  bore. 

Max. 

diam. 

Weight. 

Service  charge. 

Bursting 
charge 
Shell. 

Woieht 
of  Shot 

WeiKhl 
of 
Shell 

Hiroarks. 

Smooth-bores. 

in. 

in. 

in. 

Ibs. 

Ibs. 

Ibs. 

Ibs. 

Ibs. 

20-in.  columbiad  .. 

243-5 

210 

64 

115,200 

100 

.. 

1000 

.. 

fWoifjht  of  shell  not 
i     determined. 

15-in.      „ 

190 

165 

48 

49,100 

(    50                \ 
\     6  grain   / 

17 

/440\ 
\  425  / 

330 

Cored  shot. 

13-in.      „ 

177-6 

155-94 

41-6 

32,731 

30  No.  5 

7. 

/300\ 
I  2«0  / 

224 

10-in.      „     of  1SGO 

136  66 

105-5 

32- 

15,059 

/15  for  shell\ 
1  18  for  shot  / 

3 

127J 

106 

8-in.      „          „ 

123-5 

110 

25-6 

8,465 

10 

I| 

68 

48 

Rifles. 

4\-in.  siege-gun  of\ 
1800   j 

133 

120 

16 

3,450 

3i 

30 

30 

[Twist  uniform.  1  turn 
<     in  15  ft.     Pn-|«>M- 

1     derance  300  Ibs. 

3-in.  field-gun   of\ 
1861    / 

72-65 

65 

9-7 

830 

1 

10 

10 

|T  \vi*t  uniform.  1  turn 
in  10  ft.     Pn-i-.n- 

(     dcrauce  40  11..-. 

PARTICULARS  AND  CHARGES  OF  U.  S.  CAST-IRON  NAVY  ORDNANCE  IN  SERVICE. 


Name  of  Gun. 

length 
of  1  tore. 

Max. 

ill.  mi. 

AVeight. 

Service 
charge. 

Max. 
charge. 

Wrigbtof 

Shot. 

Weight  of 
ShdL 

Remarks. 

In. 

In. 

Ibs. 

Iba. 

Ibs. 

Ibs. 

Iba 

Smooth-bores. 
20-in.  gun 

163 

64 

100,000 

/  Probably  \ 

{     100     j 

1000 

j  Shell  not  determined. 
<     Cored  shot,  nnd  n»m 
!     oast  hollow. 

1  5-in.    „ 

130 

48 

42,000 

35 

60 

400 

330 

JCn.*t   hollow.     Cored 
1     shot. 

13-in.    „ 

130 

44  7 

36,ono 

40 

280 

224 

(  'i^i  hollow. 

11-in.    „ 

132 

32 

16,000 

15 

20 

170 

130 

I.nt.-ly  mst  hollow. 

10-in.    „ 

119£ 

29  1 

12,000 

12* 

16 

125 

100 

C:i>t  K>lid. 

JMn.    „ 

107 

72  2 

9,200 

10 

13 

93 

70 

•lid. 

125-pdr.  (10-in.) 

117f 

33  25 

16,500 

40 

125 

100 

Cn*t  hollow. 

Rifles. 

Parrott  10-in.    .. 

144 

40 

26,500 

25 

230  to  250         250 

Tho  Parrott  pun*  nro 

„         8-in.    .. 

136 

32 

16,300 

16 

!:;•_'  to  i::>  152  to  175 

hon|N-d  with  wrought 

100-pdr.  \ 
(6  4-in.)        ../ 

130 

25  9 

9,700 

10 

•• 

70  to  100 

100 

irtm,  nnd  an;  Intrly 
cast  hollow. 

Bronze  Guns— An  alloy  of  about  90  parts  of  copper  and  10  parts  of  tin,  commonly  known  on 
"gun-metal"  in  Europe,  is  popularly  called  "brass"  in  America,  when  used  for  cannon,  and 
named  "  bronze"  by  recent  American  writers.  A  strong  cast  iron  is  also  known  in  America  n« 
"  gun-metal." 

The  "  work  done"  in  stretching  to  the  elastic  limit  and  to  the  pr.int  of  frnctun  .  i-  !••-  t".  r  <. 
nary  l>ronze  than  for  wrought  iron  of  maximum  ductility,  and  for  low  .-t.  .-1.     This  defeat,  n<l«!«-d 
to  the  costliness  of  bronze,  to  the  various  embarrassment*  experienced  in  tho  ca.«tin«  "f  •« 
musses,  to  its  softness,  and  consequently  rnpid  woar  and  coinprfssion,  nnd  t<>  its  injury  l.y  hwt,  \t»n 


176 


ARTILLEEY. 


not  warranted  it*  employment  for  large  calibres  and  high  charges.  The  increase  of  cost,  with 
increase  of  \\«  i-lit.  would  probably  bo  greater  for  hrtm/e  than  for  east  iron,  and  much  greator  .than 
for  .-teel  or  wrought  iron,  because  bronze  must  be  cast  under  great  pressure,  to  bo  sound  and  tena- 
cious. S>  that,  were  it  the  proper  metal  in  other  particulars,  an  unnecessarily  large  and  actually 
imiiieii.-e  non-pay  ini:  capital  would  lie  tied  up  in  a  national  bronze  armament.  The  high  value  of 
the  old  material  would  not  offset  this  cost  to  the  extent  that  it  does  in  railway  matters,  for  obvious 
reasons. 

The  mean  ultimate  cohesion  of  gun-metal,  according  to  European  authorities  and  the  experi- 
ments of  the  United  States'  Government,  is  about  33,000  Ibs.  per  sq.  in.  Mallet  states  it  from 
::•-'.::::»  Ibs.  to  -}3,33<;lbs.  Major  Wad.-  states  it  from  17,W81bs.  to  56,786 Ibs. 

Benton  says,  that  "the  density  and  tenacity  of  bnmze,  when  cast  into  the  form  of  cannon,  are 
found  to  depend  upon  the  pressure  and  mode  of  cooling.  This  is  exhibited  by  the  means  of 
observations  made  on  lh  - 1  at  the  Chicopce  Foundry,  namely : — 


I  'i  ssmr. 
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Breech  square. 

Can-bead. 

FiiiMu-d  pun. 

Breech  square. 

Cun-head. 

8  765 

S-lll 

8  740 

46,509 

27,415 

The  puns  were  cast  in  a  vertical  position,  with  the  breech  square  at  the  bottom.  In  conse- 
quence of  the  difference  in  the  fusibility  of  tin  and  copper,  the  perfection  of  the  alloy  depends 
much  on  the  nature  of  the  furnace  and  the  treatment  of  the  melted  metal.  By  these  means 
alone,  the  tenacity  of  bronze  has  been  carried,  at  the  Washington  Navy  Yard  Foundry,  as  high 
as  60.000  Ibs. 

The  fabrication  of  bronze  ordnance  appears  to  be  far  better  understood  in  Spain,  and  more 
especially  in  Turkey,  than  in  America  or  England.  Some  bronze  guns  of  20  tons  weight  have 
been  cast  in  Spain,  but  they  cannot  be  rapidly  fired. 

According  to  American  and  British  authorities,  the  want  of  uniformity,  even  in  different  parts 
of  the  same  gun,  is  a  striking  defect.  For  instance,  for  light  pieces,  especially  for  field-cannon, 
bronze  is  much  used,  but  there  are  many  objections  even  to  this  alloy.  As  the  tin  is  much  more 
fusible  than  the  copper,  and  must  be  introduced  when  the  latter  is  in  fusion,  it  is  difficult  to  seize 
the  precise  moment  when  the  alloy  can  be  properly  formed:  part  of  the  tin  is  frequently  burned 
and  converted  into  scoria. 

Major  Wade,  after  calculating  the  results  of  experiments  on  a  lot  of  bronze  guns,  cast  at 
Chicopee,  says,  "  The  most  remarkable  feature  of  the  above  table  is  the  irregular  and  heteroge- 
neous character  of  the  results  which  it  exhibits  in  samples  taken  from  different  parts  of  the  same 
guns.  By  an  examination  of  the  results  obtained  from  the  heads  of  all  the  guns  cast,  it  wilfc 
appear  that  the  density  varies  from  8  308  to  8  756,  a  difference  equal  to  28  Ibs.  in  the  cubic  foot ; 
and  that  the  tenacity  varies  from  23,529  to  35,484,  a  difference  in  the  ratio  of  2  to  3.  These 
differences  occur  in  samples  taken  from  the  same  part  of  different  castings,  the  gun-head ;  the 
part  winch,  in  iron  cannon,  gives  a  correct  measure  of  the  quality  of  the  metal  in  all  parts  of  the 
gun.  The  materials  used  in  all  these  castings  were  of  the  same  quality :  they  were  melted,  cast, 
and  cooled  in  the  same  manner,  and  were  designed  to  be  similarly  treated  in  all  respects.  The 
causes  why  such  irregular  and  unequal  results  were  produced,  when  the  materials  used  and  the 
treatment  of  them  were  apparently  equal,  are  yet  to  be  ascertained." 

The  authorities  generally  agree  that  the  tin  in  bronze  guns  is  gradually  melted  by  the  heat  of 
successive  explosions.  If  this  is  the  case  with  field-guns,  the  heavy  charges  and  projectiles,  and 
the  quick  firing  demanded  in  iron-clad  warfare,  would  soon  destroy  this  material.  Colonel 
Wilford  stated,  at  a  meeting  of  the  United  Service  Institution,  that  iron  mortars  were  intro- 
duced because  holes  were  burned  in  the  chambers  of  bronze  mortars  by  the  immense  heat  of 
the  powder-gas.  Heat  also  causes  the  drooping  of  the  parts  of  a  bronze  gun  that  overhang  the 
trunnions. 

As  to  decomposition,  Captain  Benton  says,  "  Bronze  is  but  slightly  corroded  by  the  action  of 
the  gases  evolved  from  gunpowder,  or  by  atmospheric  causes  "  but  Captain  Simpson  remarks, 
that  the  gases  produced  oy  the  combustion  of  gunpowder  also  produce  an  injurious  effect  upon 
this  kind  of  piece,  by  acting  chemically  on  the  bronze. 

All  these  defects  of  bronze  for  the  bore  of  a  gun,  irrespective  of  strength,  namely,  the  melting 
of  the  tin,  the  change  of  figure,  the  conversion,  abrasion,  and  compression,  obviously  aggravate 
each  other ;  and,  when  taken  in  connection  with  rifling  and  excessive  pressures,  are  conclusive 
evidence  as  to  the  unfitness  of  the  material  to  meet  the  conditions  of  greatest  effect  under  consi- 
deration. 

The  average  ultimate  tenacity  of  bronze  is  so  low — in  fact,  little  above  that  of  the  best  average 
cast  gun-iron — that  the  loss  of  strength,  due  to  want  of  regulated  initial  tension  and  compres- 
sion, becomes  a  very  serious  defect  when  calibres  are  large  and  pressure  high.  To  remedy  it 
by  hooping  bronze  with  steel  or  iron,  would  not  avoid  the  defective  surface  of  the  bore  just 
considered. 

The  Dutch,  however,  have  lined  cast-iron  guns  with  bronze,  and  Blakely  has  constructed  some 
experimental  guns  in  the  same  way  for  another  reason :  bronze  can  safely  elongate  more  than  cast 
iron,  without  permanent  change  of  figure ,  and  when  it  is  put  in  a  position  where  it  must  be  more 
elongated  by  internal  pressui  e,  the  strength  of  the  whole  structure  is  thus  brought  into  service — 
the  principle  of  varying  elasticity,  already  considered,  is  approximately  realized. 
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Bronze  hoops  upon  steel  or  iron  barrels  would  avoid  the  defect  of  a  soft  bore,  but  they  would 
increase  the  defect  just  considered,  due  to  the  unequal  stretching  of  the  layers  of  a  tube  by 
internal  pressure.  A  principal  advantage  of  bronze  hoops  is,  that  with  the  little  heat  they  would 
get  from  the  powder,  they  would  expand  to  the  same  extent,  approximately,  ua  the  more  hi-hlv- 
heated  iron  barrel,  thus  reducing  the  danger  of  bursting  by  rapid  firing. 

Other  A  Hoys.— Phosphorus  is  known  to  improve  the  strength  of  copper,  and  to  make  it  cast 
soundly.  Abel,  chemist  to  the  British  War  Department,  stated  before  the  Institution  of  Civil 
Engineers,  that  he  had  made  some  experiments  upon  the  combinations  of  phosphorus  with  copper 
and  "  had  found  that  by  the  introduction  of  a  small  proportion,  say  from  2  to  4  per  cent,  of  phos^ 
phorus  into  copper,  a  metal  was  produced  remarkable  for  its  density  and  tenacity,  and  superior  in 
every  respect  to  ordinary  gun-metal.  He  believed  the  average  strain  borne  by  gun-metui  ini.-ht 
be  represented  by  31,000  Ibs.  upon  the  square  inch ;  whilst  the  material  obtained  by  addiii" 
phosphorus  to  copper  bore  a  strain  of  from  48,000  to  50,000  Ibs.  But  the  increased  tenacity  waa 
not  the  only  beneficial  result  obtained  by  this  treatment  of  copper.  The  material  was  more 
uniform  throughout,  which  was  scarcely  ever  the  case  with  gun-metal.  The  experiments  alluded 
to  were  merely  preliminary,  and  had  been,  to  a  certain  extent,  checked  by  the  improvements  since 
introduced  in  the  construction  of  field-guns,  which  had  led  to  a  discontinuance  of  the  employment 
of  gun-metal." 

Aluminium  has  been  found  to  add  great  strength  to  copper.  The  compound  formed  of  these 
two  metals  is  called  Aluminium  Bronze.  John  Anderson,  superintendent  of  the  lioyal  (iun- 
factory,  Woolwich,  found  the  tensile  strength  of  an  alloy  of  90  per  cent,  of  copper  and  10  j>er  cent, 
of  aluminium  was  73,181  Ibs.  the  square  in.,  or  twice  that  of  gun-metal,  and  its  resistance  to 
crushing  132,146  Ibs.,  that  of  gun-metal  being  120,000  Ibs.  The  aluminium  bronze  did  not 
begin  to  change  its  form  until  the  pressure  exceeded  20,384  Ibs.  In  transverse  strength  or 
rigidity  it  was  also  found  superior  to  gun-metal,  in  the  ratio  of  44  to  1.  Its  tenacity  and  elasticity 
depend  on  a  particular  number  of  meltings  :  at  the  first  melting  aluminium  bronze  is  very  brittle, 
a  state  to  which  it  again  returns  after  fusion. 

The  first  melting  appears  to  produce  an  internal  mechanical  mixture,  rather  than  a  chemical 
combination  of  the  metals ;  as,  in  the  proportion  of  10  of  aluminium  and  90  of  copper,  an  alloy  of  a 
very  brittle  character  is  produced  by  the  first  melting ;  but  by  repeated  meltings  a  more  uniform 
combination  seems  to  take  place,  and  a  metal  is  produced  free  from  brittleness,  and  having 
about  the  same  hardness  as  iron.  The  alloy,  containing  rather  less  than  10  per  cents  of 
aluminium,  is  said  to  possess  the  most  uniform  composition  and  the  best  degree  of  hardness; 
but  it  is  not  always  an  easy  thing  to  produce  this  desirable  uniformity  of  texture,  as  patches 
of  extreme  hardness  sometimes  occur,  which  resist  the  tools,  and  are  altogether  intractable  to 
the  action  of  the  rollers. 

Aluminium  bronze,  composed  of  9  parts  by  weight  of  copper  and  1  of  aluminium,  was  found 
by  J.  Anderson  to  have  a  tensile  strength  of  about  43  tons,  96,320  Ibs. ;  but  two  other  specimens, 
which  were  not  quite  sound,  had  only  a  mean  tensile  strength  of  22J  tons,  50,400  Ibs.  So  that 
the  metal  is  liable  to  great  variations  in  strength. 

The  cost  of  this  alloy  would  of  course  prevent  its  extensive  introduction  as  ft  cannon-metal. 

Sterro-metal,  a  recent  invention  of  Baron  de  Kosthorn,  of  Vienna,  is  described  by  a  correspondent 
of  the '  Times.'  The  mechanical  properties  of  the  alloy  were  carefully  examined  at  the  Polytechnic 
Institution,  Vienna,  with,  the  following  results : — 

TENSILE  STRENGTH  OF  STERRO-METAL. 


Tensile  Strength, 
in  Tons. 

Reduced  to  Pounds. 

After  simple  fusion  
„     forging  red-hot 

27 
34 

60,480 
76,160 

,  ,     drawn  cold       

88 

85,120 

Gun-Metal  —  Bronze. 

After  simple  fusion  

18 

40,320 

The  same  copper,  from  Boston,  U.S.,  was  used  in  making  both  the  sterro-metnl  nnd  the  gun- 
metal,  and  for  the  latter  the  best  English  tin  was  employed.  Both  alloys  woro  cast  under  prociacly 
similar  conditions,  and  run  into  the  same  mould.  Similar  tests  were  uiado  at  tho  Arbuuul,  Vienna, 
and  the  results  are  as  follows  > — 

TENSILE  STRENGTH  OF  STERRO-METAL. 


Tensile  Strength, 
In  Tons. 

Reduced  to  Found*. 

After  simple  fusion  

28 

62,720 

„     forging  red-hot       

32 

71,680 

Drawn  cold  and  reduced  from  100  \ 
to  77  of  transverse  sectional  area  / 

37 

82,880 
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Tho  specimens  of  metal  operated  on  in  the  preceding  experiments  were  analyzed  at  the  Austrian 
mint.    The  results  are  as  under : — 


Copper        
Spelter        
Iron     
Tin      

Polytechnic  Metal. 

Arsenal  Metal. 

55-04 
42-36 
1-77 
0-83 

57-63 
40-22 
1-86 
0-15 

100-00 

99-86 

Experience  has  shown  that  the  proportion  of  spelter  may  vary  from  38  to  42  per  cent.,  without 
materially  affecting  the  quality  of  the  alloy.  The  specific  gravity  of  the  forged  metal  is  8-37,  and 
that  of  the  same  metal,  drawn  cold  into  wire,  8*40.  But  sterro-metal  possesses  another  quality, 
which,  in  reference  to  its  application  for  guns,  is  regarded  as  more  important  than  its  high 
tnincity,  namely,  great  elasticity.  It  is  not  permanently  elongated  until  stretched  beyond  -gfa  of 
its  length.  Sterro-metal,  it  'should  be  stated,  is  from  30  to  40  per  cent,  cheaper  than  gun-metal. 
Field-guns,  from  4  to  12  pounders,  have  been  made  of  single  pieces  of  metal,  worked  by  the  action 
of  a  hydraulic  press,  whereby  expense  in  forging  is  avoided;  but  reliable  experiments  have  demon- 
strated that  the  metal  thus  treated  has  precisely  the  same  properties  and  the  same  tensile  strength 
as  bars  of  it  drawn  out  under  the  steam-hammer. 

The  following  is  the  official  report  of  experiments  made  by  John  Anderson,  upon  this  metal, 
variously  compounded  and  treated  : — 

Composition  of  this  alloy,  as  made  in  the  Arsenal  at  Vienna,  is, — copper,  60;  zinc,  41-88  ;  iron, 
1-94  ;  tin  '156.  And,  as  made  at  the  Polytechnic,  Vienna,  its  composition  is, — copper,  60;  zinc, 
46-18;  iron,  T93;  tin,  '905. 

Alloys  of  similar  composition  to  that  of  the  Austrian  metal  have  been  prepared  in  the  Royal 
Gun-factories,  from  which  a  better  result  has  been  obtained  than  from  mixtures  of  the  Austrian 
metals,  also  prepared  in  the  Royal  Gun-factories.  The  subjoined  Table  shows  the  results  of  the 
experiments  with  these  different  specimens. 

This  alloy  is  said  to  be  the  invention  of  Baron  de  Rosthorn,  of  Vienna.  It  derives  its  name 
from  a  Greek  word  signifying  "  firm."  It  consists  of  copper  and  spelter,  with  small  portions  of 
iron  and  tin ;  and  to  these  latter  its  peculiar  properties  are  attributed. 

It  has  a  brass-yellow  colour,  is  close  in  grain,  is  free  from  porosity,  and  has  considerable 
hardness,  whereby  it  is  well  adapted  to  bearing-metal,  or  other  purposes,  where  resistance  to  fric- 
tion is  needed. 

The  inventor  proposes  that,  in  heavy  ordnance,  the  interior  should  consist  of  a  tube  of  sterro- 
metal,  and,  over  this,  wrought  or  cast  iron  should  be  shrunk,  from  the  breech  to  beyond  the 
trunnions. 

COMPOSITION  AND  STBENGTH  OF  STEBBO-METAL,  WOOLWICH. 


Composition 

Treatment 

Strain  at  Perma- 
nent Elongation 
of  '002  the  inch. 

Breaking 
Weight. 

Ultimate 
Elongation 
the  inch. 

tons. 

tons. 

inch. 

Austrian  mixture    

As  received 

6-75 

26-75 

•1 

B.  G.  factories'  mixture  of  copper,  60;  "I 
zinc,  39  ;  iron,  3  ;  tu^  1  •  5  / 

Cast  in  sand 

11- 

21-5 

•05 

B.  G.  factories'  mixture  of  copper,  60  ;  } 
zinc,  44  ;  iron,  4  ;  tin,  2     / 

11           ••      " 

13-75 

19-25 

•015 

»»                  n                 11              .... 

Cast  in  iron 

17-25 

24-25 

•016 

M                       l>                        »»                   .... 

Cast  in  iron  and! 
annealed  .  .      .  .  / 

15-25 

23-25 

•02 

»                   n                 n 

Forged  red-hot  .  . 

17- 

28- 

•045 

In  a  discussion  before  the  Institution  of  Civil  Engineers,  Charles  Fox  said  that  "  he  believed 
it  would  eventually  be  found  that  the  best  gun  could  be  constructed  with  some  extremely  dense 
and  homogeneous  alloy,  cast  and  used  without  being  drawn  under  the  hammer.  If  a  gun 
was  made  of  an  alloy  possessing  very  great  density,  the  detonating  force  of  the  powder  would  be 
resisted  by  a  greater  quantity  of  the  metal  employed  than  it  could  be  by  making  use  of  one  with 
greater  elasticity.  He  thought,  therefore,  the  best  guns  would  be  made  of  iron,  mixed  with  some 
other  metals,  such  as  wolfram  and  titanium,  BO  as  to  insure  the  greatest  strength  and  density. 
Mushet  had  obtained  great  density,  by  mixing  with  iron  a  small  percentage  of  wolfram,  and  great 
strength  by  the  use  of  titanium.  Therefore,  he  was  inclined  to  believe,  that  guns  cast  of  the 
densest  alloys  would  have  greater  effect,  in  proportion  to  their  thickness,  than  could  be  obtained 
by  any  complicated  and  expensive  mode  of  construction." 

It  is  obviously  impossible,  in  the  absence  of  further  experiments,  to  predict  either  great  success 
or  failure  for  the  alloys  considered,  as  compared  with  steel.  The  field  for  discovery  and  improve- 
ment is  certainly  broad  and  promising ;  but  no  more  so  than  in  the  case  of  steel.  Although  the 
alloying  of  copper,  especially  for  cannon,  has  been  practised  for  more  than  five  hundred  years,  and 
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should,  therefore,  be  in  advance  of  steel-making,  wnich,  for  the  purposes  of  artillery,  is  the  work  of 
the  last  decade,  both  metals— in  fact,  all  metals— are  undeveloped,  because  their  chemical  rela- 
tions, and  especially  their  elongation,  within  and  beyond  the  elastic  limit,  and  the  corresponding 
pressures,  have  not  been  properly  investigated. 

While  certain  alloys,  of  both  iron  and  copper,  have  one  important  feature  in  common— homo- 
geneity, due  to  fusibility,  at  practicable  temperatures— the  alloys  of  iron  have  this  grand  advan- 
tage ;  iron  is  everywhere  cheap  and  abundant ;  and  the  other  necessary  ingredients  and  fluxes 

carbon,  manganese,  zinc,  and  silicium— are  equally  abundant,  and,  in  some  localities,  already 
mixed,  which  would  appear  to  be,  on  the  whole,  advantageous,  although  the  mixtures  are  not 
found  in  proper  proportions. 

The  fitness  of  metals  for  cannon  depends  chiefly  on  the  amount  of  their  elongation  within  the 
elastic  limit,  and  the  amount  of  pressure  required  to  produce  this  elongation ;  that  is  to  say  upon 
their  elasticity. 

It  also  depends,  if  the  least  possible  weight  is  to  be  combined  with  the  greatest  possible  pre- 
ventive against  explosive  bursting,  upon  the  amount  of  elongation  and  the  corresponding  pressure, 
beyond  the  elastic  limit ;  that  is  to  say,  upon  the  ductility  of  the  metal. 

Hardness,  to  resist  compression  and  wear,  is  the  other  most  important  quality. 

Cast  iron  has  the  least  ultimate  tenacity,  elasticity,  and  ductility ;  but  it  is  harder  than  bronze 
and  wrought  iron,  and  more  uniform  and  trustworthy  than  wrought  iron,  because  it  is  homo- 
geneous. 

The  unequal  cooling  of  solid  castings  leaves  them  under  initial  rupturing  strains ;  but  hollow 
casting,  and  cooling  from  within,  remedies  this  defect,  and  other  minor  defects. 

Wrought  iron  has  the  advantage  of  a  considerable  amount  of  elasticity,  a  high  degree  of 
ductility,  and  a  greater  ultimate  tenacity,  than  cast  iron  ;  but,  as  large  masses  must  be  welded  up 
from  small  pieces,  this  tenacity  cannot  be  depended  upon :  this  defect,  however,  is  more  in  the  pro- 
cess of  fabrication  than  in  the  material,  and  may  be  modified  by  improved  processes.  Another 
serious  defect  of  wrought  iron  is  its  softness,  and  consequent  yielding,  under  pressure  and  friction. 

Low  cast  steel  has  the  greatest  ultimate  tenacity  and  hardness :  and,  what  is  more  important, 
with  an  equal  degree  of  ductility,  it  has  the  highest  elasticity. 

It  has  the  great  advantage  over  wrought  iron,  of  homogeneity,  in  masses  of  any  size. 

It  is,  unlike  the  other  metals,  capable  of  great  variation  in  density,  by  the  simple  processes  of 
hardening  and  annealing,  and,  therefore,  of  being  adapted  to  the  different  degrees  of  elongation 
that  it  is  subjected  to,  in  either  solid  or  built-up  guns. 

Bronze  has  greater  ultimate  tenacity  than  cast  iron,  but  it  has  little  more  elasticity,  and  less 
homogeneity ;  it  has  a  high  degree  of  ductility,  but  it  is  the  softest  of  cannon-metals,  and  is  inju- 
riously affected  by  the  heat  of  high  charges. 

The  other  alloys  of  copper  are  very  costly,  and  their  endurance,  under  high  charges,  is  not 
determined. 

In  view  of  the  duty  demanded  of  modern  guns,  simple  cast  iron  is  too  weak,  although  it  can  be 
used  to  advantage  for  jackets  over  steel  tubes — a  position  where  mass,  small  extensibility,  and  the 
cheap  application  of  the  trunnions  and  other  projections,  are  the  chief  requirements.  And, 
although  cast-iron  barrels,  hooped  with  the  best  high  wrought  iron,  and  with  low  steel,  cannot 
fulfil  all  the  theoretical  conditions  of  strength,  and  do  not  endure  the  highest  charges,  they  have 
thus  far  proved  trustworthy  .and  efficient. 

Wrought  iron,  in  large  masses,  cannot  be  trusted,  and  is,  in  all  cases,  too  soft. 

Bronze  is  soft,  and  destructible  by  heat. 

Low  steel  is,  therefore,  possibly  in  connection  with  cast  iron,  as  stated  above,  by  reason  of  the 
associated  qualities  which  may  be  called  strength  and  toughness,  the  only  material  from  which  we 
can  hope  to  maintain  resistance  to  the  high  pressures  demanded  in  modern  warfare. 

See  ARMOUR.    GUNPOWDER.    MATERIALS  OF  CONSTRUCTION,  strength  of. 

Works  relating  to  this  subject: -Struensee,  ' Aufangsgrunde  v.  Artillerie,'  1788.  Meineke, 
1  Anleitung  zum  Guss  des  Bronzirten  Geschiitzes,'  1817.  4  Report  of  Experiments  on  the  Strength 


Artillery,'  Transactions  Inst.  C.  E.,  1860.  Captain  Rodman's  '  Reports  of  Experiments 
Properties  of  Metals  for  Cannon,'  4to,  Boston,  1861.  'Reports  from  the  Select  Committee  on 
Ordnance,'  1862-63.  D.  Treadwell,  'On  the  Construction  of  Hooped  Cannon,'  royal  8vo,  New 
York,  1864.  Holley's  'Treatise  on  Ordnance  and  Armour,'  8vo,  New  York,  1865.  Alonclo, 
'  Studes  sur  1' Artillerie,'  8vo,  Paris,  1866.  'Reports  of  the  Whitworth  and  Armstrong  Committw,' 
2  vols.,  fol.,  1866.  H.  L.  Abbott,  'Siege  Artillery  in  the  Campaigns  against  Richmond,'  8vo, 
New  York,  1868. 

See  also :—' Journal  of  the  United  Service  Institution.'     '  Aide-Memoiro  to  the  Military 
Sciences.'  /V    «i« 

ASHLERING.     FB.,  Mafonncrie  de  moellon ;  GEB.,  Schalwerk,  Sntchstein  Mawr-   * 
werk ;  ITAL.,  Ritti ;  SPAN.,  Obra  de  silleria  y  sillarejo. 

Ashlering,  in  carpentry,  are  the  short,  upright  pieces  of  timber  or  quartering, 
as  A  in  sketch,  fixed  in  garrets  to  the  floor  and  rafters  to  cut  off  the  acute  angle 
formed  by  the  rafters  and  floor.    They  are  usually  2J  in.  thick  by  4  tn.  wide,  and 
from  2£  to  3  ft.  long,  spaced  about  12  in.  apart.     They  are  lathed  over 
plastered  as  in  ordinary  partitions.  . 

Ashlar  or  Ashler  Work.— In  masonry,  where  each  stone  is  squared  and  dressed 
to  given  dimensions.    It  is  usually  applied  to  the  squared  stone-facing  of  walls  in  whi< 
are  dressed  horizontal  and  the  joints  vertical  and  disposed  at  uniform  distances,  BO 
with  the  Btone  in  the  course  above  and  below.    The  face  may  be  worked  in  any  way.    l»  may  o 
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left  rough  from  the  qnarry,  when  it  is  willed  "  rock-ashlar ;"  or  it  may  be  dressed  in  a  variety  of 
ways,  in  which  case  it  is  called  "dressed  ashlar." 

In  the  neighbourhood  of  London,  the  term  a.shlnr  is  applied  to  a  thin  facing  of  squared  stones 
laid  in  cour^'H,  with  close-fitting  joints,  and  set  in  fine  mortar  or  putty.  See  MASONKY. 

ASH-PAN.    FB.,  Cendrier  ;  GKB.,  Aschkasten ;  ITAL.,  Ceneracciolo ;  SPAN.,  Cenicero 

K   |    I'."'!   I   K-. 

ASH-PIT.     FB.,  Fosse  a  cendre ;  GER.,  Aschloch  ;  ITAL.,  Cenerario ;  SPAK.,  Cenicero. 

Bee  BOILERS. 

A  H '  H  A  1  .TE.     FB.,  Asphalte ;  GER..  Asphalt ;  ITAL.,  Asfalto ;  SPAN.,  Asfalto. 

Asphalte  is  a  bituminous  limestone  found  in  the  Jura  Mountains  and  other  localities,  which  is 
tued  in  the  formation  of  pavements  and  in  the  manufacture  of  bituminous  cement.  { 

Bitumen  is  found  in  nature  in  various  conditions,  and  is  met  with  in  many  parts  of  tho 
world.  It  is  supposed  to  be  the  substance  mentioned  in  Genesis,  chap,  xi.,  ver.  3,  as  having  been 
used,  instead  of  mortar,  in  building  the  Tower  of  Babel ;  and  there  are  numerous  proofs  of  its  having 
been  used  in  ancient  buildings  in  Egypt  and  Assyria.  It  is  found,  more  or  less  pure,  in  large  quan- 
tities washed  on  the  shores  from  the 'surface  of  the  Dead  Sea  or  Lake  Asphaltitcs,  and  is  supposed 
to  be  derived  from  bituminous  springs  in  the  neighbourhood  of  that  lake.  Immense  quantities  of 
bitumen  exist  in  the  island  of  Trinidad,  at  a  place  called  the  Tar  Lake,  where  the  ground,  for  an 
unknown  depth,  contains  so  large  a  proportion  of  bitumen,  that  in  hot  weather  it  becomes  too  soft 
to  walk  upon.  In  some  localities  there  are  beds  of  shale  so  highly  impregnated,  that  upon  wella 
or  pits  being  dug  they  become  filled  with  bitumen.  In  other  localities  there  are  bituminous  samls. 
In  Auvergne,  in  France,  are  many  beds  of  this  description ;  and  near  Clermont  bitumen  exudes 
from  the  ground  into  a  kind  of  wells,  which  have  received  the  name  of  Fountain  of  Pitch. 

It  is,  however,  from  beds  of  bituminous  sandstone  that,  next  to  the  bituminous  limestone,  the 
best  description  of  bitumen  is  obtained.  It  is  from  these  beds,  which  have  been  technically  termed 
molasses,  that  most  of  the  bitumen,  or  mineral  tar,  is  obtained  for  mixing  with  the  bituminous 
limestone  in  the  manufacture  of  asphaltic  mastic. 

Bitumen  is  composed  of  carbon,  hydrogen,  and  oxygen,  in  the  proportion  of  about  85  carbon, 
12  hydrogen,  and  3  oxygen.  The  colour  is  a  deep  black,  with  a  very  slight  tinge  of  redness.  It  has 
a  peculiar  aromatic  odour,  somewhat  resembling,  but  still  very  different  from  that  of  tar  and  pitch. 
The  odour  is  very  strong  when  at  a  boiling  temperature,  but  at  ordinary  temperatures  it  is  scarcely 
perceptible.  At  a  temperature  under  50°  Fahrenheit  it  is  solid  and  brittle ;  from  50°  to  about 
70°  it  is  soft  and  plastic ;  from  70°  to  90°  it  has  a  pasty  consistence ;  from  90°  to  110°  or  120°  it  is 
glutinous ;  and  above  120°  it  is  liquid.  The  specific  gravity  is  about  1 '  03. 

The  geological  origin  of  bitumen  is  somewhat  uncertain.  The  most  probable  hypothesis  appears 
to  be  that  it  was  produced  from  beds  of  coal  while  subject  to  heat  and  pressure  at  great  depths  below 
the  surface  of  the  earth,  and  that  it  was  afterwards  forced  upwards  through  the  superincumbent 
strata  during  some  convulsions  of  nature.  In  its  progress  to,  or  on  its  arrival  at  the  surface,  it 
impregnated  the  limestone  and  sandstone  rocks,  and  became  mixed  with  the  other  strata  in  which 
it  is  now  found.  Here  it  may  be  necessary  to  observe,  that  the  vague  conjectures  upon  which 
geology  is  founded,  and  such  matter  as  rest  rather  upon  a  speculative  than  a  substantial,  philo- 
sophical basis,  are  neither  examined  nor  discussed  in  this  work,  and  they  receive  but  little  of  our 
attention. 

For  the  purpose  of  obtaining  bitumen,  or  mineral  tar,  the  sandstone  is  broken  into  pieces 
about  the  size  of  the  stones  used  for  macadamizing  roads,  and  placed  in  caldrons  and  boiled  in 
water.  In  about  an  hour  the  bitumen  becomes  liquid  and  rises  to  the  surface,  and  the  stone  falls 
to  the  bottom  in  grains  of  sand.  The  bitumen  is  then  skimmed  off.  If,  however,  the  sand  be  in 
very  fine  grains,  a  considerable  quantity  of  it  becomes  mixed  in  the  boiling  with  the  bitumen,  and 
rises  with  it  to  the  surface  of  the  water.  A  second  operation,  therefore,  becomes  necessary  in  order 
to  render  the  bitumen  sufficiently  free  from  sand.  For  this  purpose  it  is  placed  in  another  caldron, 
and  heated  to  such  a  degree  as  to  render  it  quite  liquid.  The  water  remaining  in  the  skimmings 
soon  evaporates,  and  the  sand  falling  to  the  bottom,  the  pure  bitumen  is  drawn  off.  In  this 
second  operation  a  considerable  quantity  of  bitumen  is  lost  in  consequence  of  the  impracticability 
of  separating  it  from  the  sand  at  the  bottom  of  the  caldron.  Of  late  years  bitumen  is  sometimes 
extracted  by  chemical  solution,  and  the  liquid  in  which  it  has  been  dissolved  drawn  off  by 
evaporation.  A  small  admixture  of  pure  sand  is  of  very  little  detriment  for  most  purposes  to  which 
bitumen  is  applied ;  but  it  is  essential  that  it  should  be  free  from  earthy  or  vegetable  matter.  In 
extracting  bitumen  from  such  soils  as  that  in  which  it  is  found  in  the  island  of  Trinidad,  it  is 
necessary  to  resort  to  complex  chemical  processes,  and  even  then  the  result  is  inferior  to  the 
products  of  the  bituminous  sandstones. 

Bitumen  has  been  used  from  remote  antiquity,  and  probably  asphalte  also  may  have  been 
known  to  the  ancients;  but  it  does  not  appear  to  have  been  applied  to  its  present  uses  until 
the  beginning  of  the  eighteenth  century.  The  first  mine  of  asphalte  was  that  of  the  Val-de- 
Travers,  near  NeuchateL,  in  Switzerland.  It  was  discovered  by  Dr.  d'Eyrinis,  who  published  in 
the  year  1721  a  small  volume,  in  which  the  nature  and  uses  of  asphalte  are  very  fully  explained, 
and  its  adoption  for  various  purposes  enthusiastically  advocated.  It  was  not,  however,  until  1838 
that  the  first  pavements  of  asphalte  were  laid  in  the  streets  of  Paris. 

The  valuable  properties  of  asphalte  now  became  fully  appreciated  ;  and  not  only  so,  but  they 
were  greatly  exaggerated,  and  the  material  applied  to  purposes  for  which  it  was  not  adapted. 
About  this  time  asphalte  produced  an  industrial  fever  not  unlike  the  celebrated  South-Sea  Bubble 
or  the  more  recent  railway  mania.  Societies  were  formed  in  Paris,  whose  shares  increased  in  price 
within  a  few  months  to  ten  times  their  original  cost ;  and  then  in  a  very  short  time  a  reaction 
occurred,  and  one-tenth  of  the  original  cost  could  not  be  obtained  for  the  same  shares.  The  evils  of 
excessive  speculation  disappeared  in  course  of  time,  and  at  present  the  production  and  appli- 
cation of  aephalte  is  an  extensive  and  well-regulated  branch  of  industry.  It  is  much  more  used  on 
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the  continent  of  Europe  than  in  England.     It  is  the  material  generally  adopted  for  the  pavements 
of  Pans,  and  indeed  for  very  many  of  the  carriage-roads.     During  the  period  of  excite  Jut  K 
companies  were  formed  in  England  for  the  supply  and  application  of  asphaJte,  and  amount  other*, 
one  promoted  by  Clandge,  and  one  known  as  the  Metropolitan  Mineral  Ilock  and  Asplmlto  Cor 
pany,  which  still  maintain  the  highest  character  for  excellence  of  materials  and  workmanship 

The  best  description  of  asphalte  consists  of  a  limestone  composed  of  nearly  pure  carbonate  of 
lime,  impregnated  with  from  six  to  ten  parts  by  weight  of  bitumen .  The  principal  source  of  su  M  )1  v 
at  the  present  time  is  from  the  Jura  Mountains,  in  the  neighbourhood  of  Seyasel,  on  the  west  bank 
of  the  river  Rhone. 

The  colour  is  a  dark  chocolate,  approaching  to  black.  In  cold  weather  the  stone  is  hard  nnd 
easily  broken ;  but  in  warm  weather  it  softens  under  the  blow  of  the  hammer.  The  npocilic 
gravity  is  about  2  •  25. 

The  bituminous  limestone,  after  being  quarried,  is  broken  to  a  size  that  would  pass  through  a 
ring  about  2J  inches  in  diameter.  It  is  then  reduced  to  powder,  either  by  grinding,  or  by  crushing, 
or  by  exposure  to  heated  steam.  The  first  method  is  generally  preferred ;  but  when  the  stone  is 
hard  and  deficient  in  bitumen,  it  is  more  convenient  to  crush  it  between  revolving  cylinders ;  on 
the  other  hand,  with  stone  which  is  soft  and  contains  an  excess  of  bitumen,  the  hot*  vapour  process 
may  be  more  advantageous,  especially  in  warm  weather.  The  powder  requires  to  be  sifted,  and 
all  the  large  particles  again  passed  through  the  mill,  or  otherwise  reduced  to  the  requisite  degree 
of  fineness.  The  next  process  is  to  place  the  powder  in  a  caldron,  in  which  a  small  quantity  of 
pure  bitumen  has  been  previously  melted,  and  to  bring  it  into  a  state  of  fusion  and  stir  it  by 
machinery  until  the  whole  is  thoroughly  mixed,  when  it  is  drawn  off  and  run  into  moulds  to  form 
blocks  of  about  1  cwt.  These  blocks,  when  cold,  are  ready  for  exportation  as  asphnltic  mastic. 
The  finest  mastic  contains  87  per  cent,  of  the  carbonate  of  lime  and  13  per  cent,  of  bitumen,  but 
several  qualities  of  mastic  are  prepared  by  adding  to  the  other  ingredients  various  proportions  of 
very  coarse-grained  sand,  termed  "  grit."  The  mastic  requires  to  be  remelted  on  the  spot,  where 
it  is  to  be  used  in  the  laying  of  pavements  or  other  works  ;  and  for  this  purpose  portable  caldrons 
are  provided,  and  a  small  quantity  of  the  mineral  tar  is  added,  as  a  flux,  with  every  melting. 

Mastio  of  pure  asphalte  is  seldom  used  without  some  admixture  of  grit,  a  certain  proportion  of 
which  adds  to  its  power  of  enduring  wear  and  tear,  and  of  resisting  the  tendency  to  soften  at  high 
temperatures.  Asphalte  containing  about  15  per  cent,  of  fine  grit  is  best  adapted  for  covering 
roofs,  and  that  containing  about  25  per  cent,  of  coarse  grit  for  the  laying  of  footpaths.  Asphalto 
pavements  should  not  become  appreciably  soft  when  subjected  to  a  temperature  of  160°  Fahrenheit. 

The  principal  uses  of  asphalte  are  for  covering  roofs ;  for  protecting  underground  vault-", 
magazines,  railway-arches,  &c.,  from  the  percolation  of  water ;  for  pavements ;  and  for  damp-courses, 
to  prevent  moisture  from  rising  in  walls  by  capillary  attraction.  A  layer  of  asphalte  |-inch  in 
thickness  may  be  considered  impervious  to  moisture,  and,  therefore,  an  effectual  damp-course.  As  a 
covering  to  roofs,  it  is  exposed  to  variations  of  temperature,  which  are  destructive  to  cement  and  most 
other  compositions,  and  frequently  cause  cracks  even  in  lead ;  but  good  asphalte,  f -inch  in  thickness, 
firmly  supported  on  a  thick  bed  of  concrete,  will  form  a  substantial  water-tight  covering  through 
all  alternations  of  climate.  As  a  pavement  it  has  the  advantage  of  being  free  from  joints,  of 
presenting  a  very  smooth  surface,  and  of  being  capable  of  enduring  a  great  amount  of  wear.  A 
good  paving  of  asphalte,  f-inch  thick,  will  last  longer  under  heavy  traffic  than  Yorkshire  flawing 
3  in.  thick.  As  a  covering  for  underground  arches  it  may  not  be  considered  very  much  super!'  >r  t-> 
Portland  cement,  but  it  has  the  advantage  of  possessing  a  certain  degree  of  elasticity,  which  renders 
it  less  liable  to  crack  upon  slight  settlements  occurring  in  the  brickwork  or  masonry  underneath 
it.  One  great  recommendation  for  asphalte  is,  that  it  is  easily  repaired ;  and  that  the  materials 
from  old  work  may  be  melted  and,  with  a  small  addition  of  mineral  tar,  re-used  in  new  work. 

The  dark  colour  of  asphalte  pavements  is  somewhat  to  its  disadvantage ;  and  the  closeness  of  its 
texture,  and  its  property  of  readily  condensing  on  its  surface  the  moisture  of  a  damp  atmosphere, 
renders  it  unsuitable  for  the  floors  of  inhabited  apartments.  Its  property  of  becoming  soft  at  a 
high  temperature  renders  it  unfit  for  floors  of  furnace-rooms,  forges,  &c.,  or  for  any  close  proximity 
to  fires.  On  the  other  hand,  it  is  to  be  observed  that,  though  liable  to  melt,  it  never  takes  lire, 
and  that  it  is,  therefore,  well  adapted  for  fire-proof  construction. 

Asphalte  has  been  used  as  a  cement  in  the  brickwork  of  tanks,  &c. ;  but  for  such  purposes  it 
appears  to  possess  very  little,  if  any,  advantage  over  Portland  cement,  which  is  a  much  rlienj-er 
material.  It  has  very  little  adhesion  for  brick  or  stone  ;  and,  consequently,  Imwever  miix-rior  tho 
asphalte  itself  may  be  in  regard  to  strength  and  impermeability,  it  does  not,  in  combination,  form  a 
solid  homogeneous  mass  of  masonry.  The  absence  of  adhesion  also  prevents  it  from  being  appli- 
cable as  a  covering  or  lining  to  vertical  surfaces. 

Good  asphalte  is  not  much  affected  by  the  ordinary  variations  of  temperature ;  but  still 
becomes  somewhat  soft  under  a  summer  sun,  and  is  liable  to  slide  down  if  laid  upon  a  steep 
incline.  Asphalte  roofs  and  pavements  should,  therefore,  be  laid  nearly  horizontal,  and  wliMi 
steep  inclines  are  unavoidable,  they  should  not  bo  more  than  about  two  or  three  feet  in  width. 
Vertical  surfaces  above  6  inches  in  height  should  bo  avoided  when  practicable;  but,  with  care, 
greater  heights  may  be  executed  with  safety,  especially  in  short  lengths. 

The  preparation  of  asphaltic  mastic  and  mineral  tar,  as  above  described,  is  evidently  uomcw 
expensive;  and  the  carriage  of  the  material  adds  greatly  to  the  cost,  especially  in  thi*  conn 
which  has  no  source  of  supply  nearer  than  the  Jura  Mountains.    The  bitumen  is  known  t->  Ley- 
similar  to  some  cheaper  substances,  and,  among  others,  to  common  c«.nl-t:ir ;  and  carbonate  ol 
of  similar  quality  to  that  of  the  bituminous  limestone  is  easily  obtainable  in  almost  every  locnlit; 
There  is,  therefore,  every  inducement  to  endeavour  to  produce  an  artificial  OMBpOind,  wi 
supply  the  place  of  natural  asphalte.     The  effort  to  invent  mich  a  MMpoad  merit*  appro      Kin, 
and  has  been  successfully  made  by  tho  Metoapotttui  Asphalte  Company.     Up  to  the  prw-n 
every  artificial  asphalte  has  proved  to  be  a  failure  in  cases  where  strength  was  required,  or  when 
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exposed  to  groat  alternations  of  temperature.  Preparations  of  coal-tar  have  been  advantageously 
employed  in  pn»t«-tin:'  \v:ills,  arches,  &c.,  from  damp,  when  the  artificial  asphalte  could  be  it^-lf 
from  tin1  \\vather  and  the  air  excluded;  and  tar  pavements  are  extremely  cheap,  and 
ndsipted  fur  many  situations. 

ASSAYING.  Fit.,  Eaaai  des  Mftaux;  GEB.,  Probtrkunst ;  ITAL.,  Saggio  dei  Metalli ;  SPAN.. 
f'nx><!/o  da  mttalfs. 

The  term  " assaying"  is  frequently  used  in  the  general  sense  of  chemical  analysis;  but,  strictly, 
it  is  only  applicable  to  that  mode  of  separating  metals  from  their  ores,  or  gold  and  silver  from  the 
baser  metals,  in  which  no  wet  reagents,  generally  speaking,  are  employed,  and  the  action  of  heat 
is  called  into  play.  Wo  shall,  in  this  article,  give  concise  methods  for  enabling  any  one  to  detect 
in  commercially  valuable  minerals  and  ores  those  constituents  of  which  they  are  composed. 

The  forms  of  blowpipe  generally  used  for  assaying  are  shown  in  Figs.  420,  421.  They  consist  of 
a  tube  made  of  brass  or  of  gcrmnn-silver,  bent  near  the  end,  and  terminated  with  a  finely-pointed 
nozzle.  The  beat  form  of  blowpipe  is  represented  in  Fig.  422.  The  tube  and  nozzle  are  made  of 
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the  same  material  as  the  common  blowpipe,  the  point  of  platinum,  and  the  mouthpiece  of  horn, 
wood,  or  ivory.  The  air-chamber  A  serves  to  partially  regulate  the  blast,  and  receives  the  tube 
and  nozzle,  which  are  ground  to  fit  accurately,  each  of  these  pieces  being  movable.  The  point, 
which  enters  the  Same,  as  before  observed,  is  made  of  platinum. 

In  using  the  blowpipe,  tho  lips  are  pressed  against  the  mouthpiece,  and  the  stem  firmly  held  ; 
the  cheeks  are  inflated  with  air,  which  is  expelled  from  the  mouth  through  the  pipe,  by  contracting 
the  muscles  of  the  cheeks,  care  being  taken  to  inhale  only  through  the  nostrils ;  by  this  means  a 
continuous  flame  is  kept  up. 

When  a  flame  is  propelled  by  a  current  of  air  blown  into  or  upon  it,  the  flame  produced  may  be 
divided  into  two  parts,  possessing  respectively  the  properties  of  reduction  and  oxidation.  The 
reducing-flame  is  produced  by  a  weak  current  of  air  acting  upon  the  flame  of  a  lamp  or  candle ; 
the  carbon  contained  in  the  name  is  thus  brought  in  contact  with  the  substance  to  be  examined, 
which  it  reduces.  The  oxidizing-flame  is  formed  by  blowing  strongly  into  the  interior  of  the 
candle-flame.  Combustion  is  thus  thoroughly  effected ;  and  if  a  small  piece  of  an  oxidizable  body 
be  held  at  the  point  of  tho  flame,  the  former  speedily  acquires  an  intense  heat,  and  combines  freely 
with  the  oxygen  of  the  surrounding  air.  The  substance  to  be  analyzed  should,  when  exposed  to  the 
flame  of  the  blowpipe,  be  supported  upon  some  infusible,  and,  in  many  cases,  incombustible  material. 

When  it  is  required  to  reduce  an  oxidized  substance,  to  fuse  a  body  without  oxidizing  it,  or  to 
oxidize  a  body  on  which  the  reducing  action  of  carbon  alone  is  unimportant,  that  body  is  placed 
in  a  small  hollow  in  a  piece  of  charcoal.  The  best  kind  of  charcoal  for  this  purpose  is  made  from 
closely-grained  pine-wood,  free  from  knots,  and  should  be  cut  by  a  small,  fine  saw  into  convenient 
pieces. 

For  holding  in  the  flame  substances  •which  would  be  affected  by  charcoal,  platinum-wire, 
0'012  in.  diameter,  is  formed  into  a  email  hook.  The  hook  is  heated  and  dipped  into  borax  or 
microcosmic  salt,  which  adheres  to  it,  forming  a  small  globule  in  which  the  substance  to  be  te.-ti-d 
is  placed.  Platinum-foil  is  used  for  the  same  purposes  as  the  wire.  Platinum  spoons,  shaped  as 
in  Fig.  423,  are  used  for  fusing  the  mineral  with  reagents,  as  carbonates  of  potash  and  soda, 
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bisnlphate  of  potash,  and  saltpetre.  When  tho  substance  can  be  determined  by  the  colour  it  gives 
to  the  blowpipe-flame,  it  is  held  in  the  latter  by  brass  or  steel  forceqs  with  platinum  tips,  Figs. 
424, 425.  To  take  up  the  mineral,  the  knobs  b  6,  Fig.  424,  are  pressed,  the  platinum  points  a,  a 


then  open,  and  close,  when  required,  by  their  own  elasticity.     For  manipulating  in  acids,  forceps 
with  glass  points,  Fig.  426,  are  used. 

Glass  tubes  of  various  diameters,  in  lengths  of  5  or  6  in.,  open  at  both  ends,  are  used  for 
roasting  substances  containing  sulphur,  selenium,  arsenic,  antimony,  and  tellurium.  These,  when 
heated  with  an  access  of  air,  evolve  characteristic  fumes.  They  are  generally  heated  by  a  spirit- 
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lamp.     Small  test-tubes  are  also  required,  in  order  to  detect  the  presence  of  water,  mercurv  or 
other  bodies  which  are  volatilized  by  heat  without  access  of  air. 

The  reagents  most  commonly  used  in  assaying  are  carbonate  of  soda,  borax,  and  microcosmic  salt. 
The  carbonate  of  soda  must  be  anhydrous  and  perfectly  pure.  It  is  chiefly  used  to  reduce  metallic 
oxides  and  sulphides,  to  decompose  silicates,  and  to  determine  the  fusibility  of  different  substances. 
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Pure  borax  is  heated  below  its  melting-point  to  expel  its  water  of  crystallization,  and  ia  then 
pulverized.  In  using  borax,  a  small  quantity  is  formed  into  a  bead  on  the  end  of  a  platinum-wire, 
to  this  bead  is  then  added  a  minute  quantity  of  the  powdered  substance  to  be  examined.  The 
whole  is  then  held  in  the  blowpipe-flame,  and  the  following  results  observed :— whether  the  borax 
dissolve  the  substance  or  not ;  the  colour  of  the  bead  formed  in  the  oxidizing  and  reducing  flames 
respectively ;  and  whether  the  colour  of  the  bead  alter  when  cooling.  Only  sufficient  of  the  sub- 
stance should  be  added  to  give  a  colour  to  the  bead ;  if  this  be  too  intense  to  be  clearly  distin- 
guished, more  borax  may  be  added.  When  microcosmic  salt,  which  is  a  combination  of  phosphate 
of  soda  and  ammonia,  is  used,  it  should  be  fused  upon  platinum-foil,  to  expel  the  water  and  excess 
of  ammonia  contained  in  it.  It  is  then  used  upon  platinum-wire  in  the  same  way  as  borax. 

The  following  reagents  are  required  in  certain  cases  .'—nitrate  of  potash,  also  called  saltpetre, 
for  oxidizing  certain  substances  by  fusing  with  them  either  on  platinum-foil  or  in  the  platinum 
spoon  ;  bisulphate  of  potash,  for  eliminating  certain  volatile  matters,  as  lit hiu,  boracic  acid,  hydro- 
fluoric acid,  bromine,  iodine,  also  for  decomposing  salts  of  titanic,  tantalic,  or  tungstio  acids ;  nitrate 
of  cobalt,  chemically  pure  and  in  solution,  for  detecting  the  presence  of  alumina,  magnesia,  oxido 
of  zinc,  oxide  of  tin,  and  titanic  acid,  which,  when  moistened  with  this  reagent  and  strongly 
heated,  assume  certain  characteristic  colours ;  silica,  for  various  purposes ;  fluoride  of  calcium, 
known  as  fluor-spar,  which,  mixed  with  bisulphate  of  potash,  is  used  for  ascertaining  the  presence 
of  lithia  and  boracic  acid ;  oxide  of  nickel  or  oxalate  of  nickel,  which  latter  is  a  salt  of  oxide  of 
nickel  with  oxalic  acid,  for  the  detection  of  potash  in  large  quantity  in  salts  which  also  contain 
soda  and  lithia ;  protoxide,  black  oxide,  of  copper,  for  detecting  chlorine,  bromine,  and  iodine ; 
tin-foil,  for  reducing  various  metallic  oxides  dissolved  in  borax  or  microcosmic  salt  (the  hot  fluid 
is  touched  on  charcoal  with  a  piece  of  tin-foil,  and  then  strongly  heated  for  some  seconds  under  the 
reducing-flame)  ;  fine  silver,  for  discovering  sulphur  and  sulphuric  acid.  The  reagents  should  be 
kept  in  glass-stoppered  bottles. 

In  addition  to  the  apparatus  already  described,  the  following  articles  are  desirable,  though, 
with  some  exceptions,  not  indispensable ;  a  steel  hammer,  a  small  anvil,  a  steel  crushing-mortar, 
an  agate  mortar,  two  or  three  files,  a  pair  of  scissors,  a  magnet,  a  pocket-lens,  Borne  porcelain 
capsules,  a  spirit-lamp,  and  a  good  pocket-knife ;  blue  litmus-paper,  turmeric-paper,  small  quantities 
of  strong  sulphuric,  nitric,  and  hydrochloric  acids,  and  a  few  glass  rods. 

METHODS  OF  ANALYSIS. — In  the  Test-tube. — The  tube  being  thoroughly  dry  and  clean,  a  small 
portion  of  the  pulverized  substance  under  examination  is  placed  in  it,  and  heated  over  a  spirit-lamp 
until  the  glass  softens ;  it  must  then  be  noticed  whether  any  vapour  or  sublimate  is  collected  in 
the  upper  portion  of  the  tube.  This  vapour  may  be  water,  mercury,  sulphur,  selenium,  tellurium, 
or  arsenic.  If  the  product  be  liquid,  its  alkaline  or  acid  reaction  should  be  tested  by  litmus-paper. 
Organic  substances  may  be  detected  by  their  odour.  Quicksilver  can  be  discovered  in  the  sub- 
limate by  means  of  a  lens.  The  sublimate  of  selenium  is  reddish  brown,  of  tellurium  grey,  and 
of  arsenic  black ;  that  of  the  latter  being  sometimes  metallic.  If  these  substances  do  not  appear 
as  sublimates,  it  must  not  be  concluded  that  they  are  not  present,  as  they  may  exist  in  com- 
binations not  readily  destroyed  by  heat  alone.  Oxygen  and  ammonia  are  sometimes  evolved ;  the 
former  may  be  recognized  by  introducing  an  incandescent  splinter  of  wood,  which  will  imme- 
diately burst  into  a  flame;  and  the  latter  by  its  alkaline  reaction  upon  moistened  red  litmus* 
paper.  Often,  however,  ammonia  exists  in  such  a  state  of  combination,  that  heat  alone  will  n»t 
disengage  it.  When  any  substance  is  supposed  to  contain  such  a  combination,  it  must  be  mixed 
with  caustic  soda,  or  caustic  lime,  and  heated  in  a  clean  test-tube,  when  free  ammonia  will  escape. 

In  the  Open  Tube. — The  substance  in  a  state  of  powder  is  placed  in  the  tube  half  an  inch  from 
one  end,  and  heated  by  degrees,  the  tube  being  slightly  inclined  in  order  to  produce  a  current  of 
air.  The  constituents  of  the  substance  thus  combine  with  the  oxygen  of  the  air,  and  are  vola- 
tilized. Sulphur  forms  sulphurous  acid,  which  is  detected  by  its  pungent  smell,  feloninm  forms 
a  steel-grey  deposit,  and  also  a  vapour,  characterized  by  its  smell.  Arsenic  volatilizes  as 
arsenious  acid,  antimony  as  antimonious  acid,  and  tellurium  as  tellurous  acid,  nil  forming  dense 
white  fumes.  The  deposit  from  arsenic  ia  crystalline,  from  the  others  amorphous;  that  from 
tellurous  acid  forms  small  beads.  The  tubes  used  should  be  made  of  difficultly  fiuiblo  German 
or  Bohemian  glass. 

On  Charcoal.— The  action  of  most  substances  when  heated  on  charcoal  is  similar  to  thoir  nrti 
in  the  test-tube.    The  experimenter  should  make  himself  familiar  with  the  incrustations  form 
by  different  substances  when  heated  on  charcoal.     We  will  only  describe  the  action  of  UMM 
substances  which  are  of  practical  importance. 
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Arsenic,  when  heated  upon  charcoal  by  the  blowpipe-flame,  covers  the  former  with  a  coating  white 
in  ihe  centre  and  grey  at  the  edges,  of  arsenious  acid.  This  coating  is  immediately  volatilized, 
when  brought  in  contact  with  the  flame,  and  gives  off  the  odour  of  garlic  which  characterize* 
arsenic.  The  vapour  evolved  is  highly  poisonous,  and  should  not  be  inhaled.  Metallic  areeuio 
dissolves  readily  in  nitric  and  hydrochloric  acids ;  in  the  first  case,  if  heat  be  applied  and  an 
excess  of  acid  used,  arsenic  acid  will  be  formed ;  and  in  the  second,  arseniuretted  hyiroKen  a  very 
poisonous  gas,  is  evolved,  leaving  chloride  of  arsenic. 

Antimony  melts  easily,  coating  the  charcoal  under  both  the  oxidizing  and  reducing  flames, 
with  an  incrustation— white  where  thick,  and  bluish  where  thin— of  antimonioua  acid  Anti- 
monious  acid  is  less  volatile  than  arsenious  acid,  and  tinges  the  reducing-flame  blue  •  but  is 
simply  melted  by  the  oxidizing-flame.  Antimonious  acid,  when  moistened  with  a  solution  of 
nitrate  of  cobalt,  and  gradually  brought  to  a  high  temperature  in  the  oxidizing-flame,  after 
cooling,  presents  a  dusky  green  appearance.  The  best  solvent  for  antimony  ia  aqua  regia, 
nitro-muriatic  acid,  which  converts  it  into  chloride  of  antimony. 

Bismuth  melts  readily,  and  coats  the  charcoal,  under  both  flames,  with  its  oxide.  The  colour  of 
this  coating  resembles  that  of  an  orange,  and  becomes  paler  on  cooling.  The  edges  of  the  oxide, 
which  have  been  more  exposed  to  the  action  of  the  charcoal,  become  converted  into  carbonate  of 
bismuth,  which  is  white.  By  applying  either  flame  the  oxide  is  driven  from  place  to  place,  being 
first  reduced  by  the  charcoal  to  metallic  bismuth,  which  is  volatilized  and  re-oxidized.  The 
colour  of  the  flame  undergoes  no  alteration.  Bismuth  dissolves  in  nitric  acid,  from  its  solution  in 
which  it  may  be  precipitated  as  a  white  sediment  by  dilution  with  pure  water. 

Copper. — This  metal,  when  unalloyed,  melts  easily  before  the  blowpipe.  When  placed  in  the 
oxidizing-flame  it  becomes  coated  with  black  oxide  of  copper,  while  the  flame  is  strongly  tinged 
with  green.  Metallic  copper  is  easily  obtained  from  its  oxide  in  the  reducing-flame,  without 
incrusting  the  charcoal.  Many  compounds  of  copper  may  be  reduced  to  the  metallic  state  by 
mixing  them  with  carbonate  of  soda,  and  then  heating  in  the  reducing-flame.  Copper  dissolves 
readily  in  nitric  acid,  giving  off  nitrous  fumes,  and  forming  a  deep  azure-blue  solution  on  the 
addition  of  ammonia.  A  polished  surface  of  iron  or  steel,  immersed  in  a  solution  of  copper,  soon 
becomes  coated  with  this  metal. 

Gold  melts  easily  before  the  blowpipe,  is  not  acted  on  by  fluxes,  and  is  soluble  in  aqua  regia. 

Lead  fuses  readily,  covering  the  charcoal  with  oxide  of  a  dark  yellow  colour,  which  becomes 
paler  on  cooling.  Beyond  the  oxide,  carbonate  of  lead  is  formed,  of  a  bluish-white  colour.  The 
oxide,  when  heated  in  the  oxidizing-flame,  acts  in  the  same  manner  as  the  oxide  of  bismuth ;  but 
in  the  reducing-flame  it  volatilizes,  tinging  the  flame  blue.  Lead  readily  dissolves  in  nitric  acid ; 
and  its  oxide,  litharge,  is  soluble  even  in  vinegar. 

Platinum. — Infusible,  not  affected  by  borax  or  microcosmic  salt,  except  in  a  state  of  fine  dust, 
when  reactions  for  iron  or  copper,  which  occur  in  small  quantities,  as  impurities,  take  place.  It  ia 
soluble  only  in  boiling  aqua  regia. 

Silver,  when  fused  alone  upon  charcoal,  covers  it  with  a  thin  coating  of  dark  brown  oxide.  If 
lead  be  present,  it  first  forms  a  yellow  oxide ;  then,  as  the  silver  becomes  purer,  the  silver  forms  a 
dark  red  deposit  beyond.  Antimony,  when  present,  forms  a  white  crust  of  antimonious  acid,  which, 
on  further  exposure  to  the  heat,  becomes  red  on  the  exterior.  If  antimony  and  lead  are  simul- 
taneously present  in  the  silver,  a  crimson  incrustation  forms  upon  the  charcoal  after  the  former 
metals  have  been  volatilized.  Eich  silver  ores  sometimes  produce  the  same  result,  when  fused  upon 
charcoal.  Silver  dissolves  readily  in  nitric  acid,  and  may  be  re-deposited  by  a  plate  of  copper. 

Tin  melts  readily,  and  oxidizes  in  the  inner  flame.  The  melted  metal,  when  exposed  to  the 
reducing-flame,  becomes  covered,  as  well  as  the  charcoal,  with  oxide,  which  is  pale  yellow  whilo 
hot,  and  becomes  white  when  cool.  This  oxide  cannot  be  reduced  by  either  flame.  The  bent 
solvent  for  tin  is  hydrochloric  acid ;  nitric  acid  oxidizes  this  metal,  but  has  no  effect  ujxm  its  oxide. 

Zinc  melts  with  facility,  and  burns  with  a  bright  greenish-white  flame  in  the  oxidizing-flame. 
The  product  of  this  combustion  is  oxide"  of  zinc,  evolved  in  dense  white  fumes,  which  coat  the 
charcoal.  This  coating,  while  hot,  is  yellow,  and  turns  white  on  cooling;  it  shines  brilliantly 
when  heated  with  the  oxidizing-flame,  but  cannot  be  volatilized.  The  reducing-flaine  volatilize* 
it  but  slowly.  Zinc  is  readily  soluble  in  dilute  sulphuric  acid,  hydrogen  being  evolved,  and 
sulphate  of  zinc  formed. 

In  Platinum  Forceps. — If  the  substance  to  be  examined  does  not  attack  platinum,  a  small  frag- 
ment held  in  the  forceps  is  exposed  to  the  oxidizing-flame;  if  its  action  upon  platinum  is  feared, 
it  should  be  placed  upon  charcoal  or  refractory  porcelain.  In  this  method  of  examination  the 
substance  is  recognized  by  the  colour  it  imparts  to  the  flame.  The  following  are  a  few  sutwtanooi 
of  frequent  occurrence  classified  according  to  the  colours  which  they  give  to  the  blowpipe-flame : — 


Blue  Flame. 

Green  Flame. 

Red  Flame. 

Violet  FUme. 

Arsenic      ..  light. 
Antimony  ..  greenish. 
Bromide  of  "1  mixed  with 
copper      /      green. 
Chloride  of  |intense 
copper      / 
Lead   .  .      .  .   pale,  clear. 
Selenium    .  .   azure. 

Copper      ..  emerald. 
Baryta      ..   pale. 
Boracicacid  dark. 
Ammonia  .  .   very  dark. 
Iron    ..      ..   dark. 
Iodide    of  \  intense 
copper     /      emerald. 
Phcjsphoricj  pftle> 

Zinc  .  .      .  .   very  pale. 

Lime      ..  purplish. 
Lithia    ..  crimson. 
Strontia  .  .  dark  crimson. 

Potash  ..  clear. 
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With  Borax. — As  this  method  serves  to  distinguish  metallic  oxides,  all  Bubstanees  continuing 
tmnxidi/ed  metals  inu.-t  l>e  previously  roasted,  in  order  to  convert  thorn  into  oxides.  The  binno 
treatment  is  necessary  when  niicrocosmic.  Milt  id  substituted  for  borax. 

With  Carkm-ite  of  I'xx/a. — The  snkstnnce  to  bo  analyzed  is  powdered  and  made  into  a  paste  \\  ith 
carlxinnto  of  t*«da  and  water.  A  smull  jxirtion  of  the  jwisto  is  then  gradually  heated  upon  tho 
rhnrconl  until  the  temperature  is  as  hiirh  asjxwsible.  Three  reactions  may  then  take  place:  either 
the  Mil»tnmv  \vill  fuse  with  eflVvveMvnce,  it  will  be  reduced,  or  the  alkali  will  be  absorbed  into 
th.«  rharoual,  leaving  the  substance  on  the  surface  unchanged.  Silica,  titanic  and  tuugstic  acids 
fuse  with  effervescence. 

The  oxides  of  gold,  silver,  tungsten,  antimony,  arsenic,  copper,  mercury,  bismuth,  tin.  lead, 
zinc,  iron,  nickel,  and  cobalt,  when  mixed  with  carbonate  of  soda  and  heated  ujxm  the  charcoal  in 
tin-  redoafog'fiama,  are  reduced.  Lead,  zinc,  antimony,  and  bismuth,  volatili/e  partiallv,  forming 
incrustations  on  the  charcoal.  Mercury  and  arsenic  are  volatilized  as  soon  as  reduced,  ieavin-  no 
marks  upon  the  charcoal. 

That  part  of  the  charcoal  upon  which  the  assay  has  rested  must  bo  pulverized  in  a  mortar, 
when  any  metal  which  may  be  contained  in  it  will  be  found  in  the  form  of  a  shining  metallic 
powder,  if  brittle,  or  flakes,  if  malleable. 

Sulphur  may  be  detected  by  heating  the  substance  with  double  its  weight  of  carbonate  of  soda, 
upon  charcoal,  in  the  reducing-flame.  The  assay  and  that  portion  of  the  charcoal  which  ha .< 
absorbed  any  alkali  are  powdered  and  placed  upon  a  moistened  surface  of  polished  silver,  which,  if 
Milphur  be  present,  receives  a  black  stain. 

Manguneso  is  detected  by  fusing  the  substance  with  carbonate  of  soda  and  nitre,  upon  platinum, 
in  the  oxidizing-flame.  The  bead  thus  formed  is  of  a  turquoise  colour  when  cool. 

In  order  to  detect  quantities  of  phosphorus  too  minute  to  give  any  reaction  in  the  blowpipe,- 
flame,  part  of  the  substance  is  pulverized  with  five  times  its  bulk  of  a  mixture  of  3  parts  carbonate 
of  soda,  1  nitrate  of  potash,  and  1  silica,  and  the  whole  fused  in  a  platinum  spoon  or  crucible.  The 
resulting  mass  is  mixed  with  water,  filtered,  and  a  few  drops  of  carbonate  of  ammonia  added ;  the 
eilica  is  precipitated  by  boiling,  and  removed  by  filtration.  A  small  quantity  of  acetic  acid  is  then 
added  to  the  filtrate,  which  is  boiled  to  expel  the  carbonic  acid,  and  to  which  pure  nitrate  of  silver 
is  added.  If  phosphorus  or  phosphoric  acid  be  present,  a  yellow  precipitate  appears ;  if,  on  the 
contrary,  the  solution  contain  arsenic,  or  any  compound  of  that  metal,  the  precipitate  is  of  a  reddish- 
brown  colour. 

Assay  of  Fuel. — To  estimate  approximately  the  amount  of  carbon  in  any  particular  fuel,  a 
portion  of  the  fuel  should  be  dried,  weighed,  and  heated  in  a  platinum  crucible  until  further 
increase  of  temperature  causes  no  reduction  in  weight.  The  difference  between  the  weight  of  the 
remaining  ashes  and  that  of  the  substance  previous  to  heating  gives  the  desired  result. 

Assay  of  Gold  and  Silver. — In  assaying  gold,  the  metal  is  wrapped,  with  three  times  its  weight  of 
fine  silver  and  twelve  times  its  weight  of  pure  lead,  in  a  piece  of  thin  paper,  and  melted  in  a  bone- 
ash  cnjiel,  Fig.  427.  This  cupel  is  either  heated  in  a  muffle, 
shown  at  m,  Fig.  428,  or  by  the  oxidizing-flame  of  a  blowpipe. 
The  lead  and  copper  become  oxidized,  the  fused  oxide  of  lead 
dissolves  that  of  the  copper,  and  both  are  absorbed  by  the  cupel, 
leaving  the  gold  and  silver  combined  in  the  form  of  a  button. 
This  button  should  be  rolled  into  a  thin  plate  and  boiled  with 
nitric  acid,  spec.  grav.  1-18,  which  extracts  the  greater  part  of 
the  silver.  The  remainder  is  then  washed  with  pure  water,  and 
boiled  in  nitric  acid,  spec.  grav.  1  •  28,  to  extract  the  last  traces 
of  silver;  after  which  it  is  washed,  heated  to  redness  in  a 
crucible,  and  weighed. 

The  assay  of  silver  is  generally  conducted  by  the  wet  process, 
and  is  based  on  the  fact  that  chloride  of  silver  is  an  insoluble 
salt,  and  that  a  solution  of  common  salt  can  be  made  of  such  a 
t-trength  as  to  precipitate  a  certain  weight  of  pure  silver  from  a 
solution  of  that  metal  in  nitric  acid. 

Lead  may  be  extracted  from  galena,  its  sulphide,  and  its  most 
common  ore,  by  mixing  300  grains  of  galena  with  450  grains  of 
dried  carbonate  of  soda  and  20  grains  of  charcoal,  and  placing  it 
in  a  crucible  with  two  large  iron  nails,  heads  downwards.  This 
crucible  is  covered,  and  heated  moderately  for  half-an-hour.  The 
remainder  of  the  nails  is  carefully  removed  from  the  liquid  mass, 
which  is  then  allowed  to  cool,  the  crucible  broken,  and  the  lead 
extracted  and  weighed. 

To  ascertain  if  it  contains  silver,  the  button  is  placed  in  a 
small  bone-ash  cupel,  heated  in  a  muffle,  until  the  whole  of  the 
lead  is  oxidized  and  absorbed  by  the  bone-ash  the  cupel  is  made 
of,  leaving  the  minute  globule  of  silver.  Small  globules  of  lead 
may  be  conveniently  cupelled  on  charcoal  before  the  blowpipe, 
by  pressing  some  bone-ash  into  a  cavity  scooped  in  the  charcoal, 
placing  the  lead  upon  its  surface,  and  exposing  it  to  a  good 
oxidizing-flame  as  long  as  it  decreases  in  size.  If  any  copper 
be  present,  the  bone-ash  will  show  a  green  stain  after  cooling. 
Pure  lead  gives  a  yellow  stain.  In  the  above  process  the  sulphur 


427. 


na,  muffle.     66,  fire. 
ccc,  furnace-doors. 


of  the  lead  ore,  galena,  is  removed  partly  by  the  sodium  of  the  carbonate  of  soda,  and  partly  by 
the  iron  of  the  nails,  the  excess  of  carbonate  of  soda  serving  to  flux  any  silica  with  which  the 
galena  may  be  mixed.  (See  Articles  on  the  various  Metals.) 
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1848.     '  Records  of  Mining  and  Metallurgy,'  by  J.  Arthur  Phillips  and  John  Darlin'W  crown 
8vo,  1857.     Scheerer  and  Blandford,  'An  Introduction  to  the  Use  of  the  Mouth  Blow-pipe'  r>mo 
1864.   J.  Silversmith's  'Handbook  for  Miners,  Metallurgists,  and  Assayers,'  12mo,  New  York  fv.d' 
G.  Kurstel,  '  Nevada  and  California  Processes  of  Gold  and  Silver  Extraction,'  8vo  San  Frnndsce 
1866.     B.  Kerl,  '  Metallurgist  Probirkunst,'  royal  8vo,   Leipzig,  1866.     J.  Arthur   Phillip 
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ATOM.    FB.,  Atome ;  GEB.,  Atom ;  ITAL.,  Atomo ;  SPAN.,  Atomo. 

Bodies  are  not  composed  of  one  continuous  substance,  but — as  is  evidenced  by  their  porosity 
and  their  faculty  of  increasing  or  diminishing  their  volume  under  certain  influences,  and  even  of 
changing  their  actual  state — they  are  formed  of  an  aggregation  of  small  particles,  called  molewles 
placed  at  specific  distances  from  each  other,  and  maintained  in  equilibrium  by  the  powers  of 
attraction  and  repulsion  which  they  reciprocally  exercise. 

These  molecules,  however,  are  not  the  final  limit  of  subdivision  of  which  matter  is  susceptible. 
By  bringing  other  forces  into  play,  it  is  possible,  in  most  cases,  to  divide  them  into  yet  smaller 
masses. 

It  is  to  these  last  that  the  name  of  atom  has  been  given. 

We  have  said  "  in  most  cases,"  because  there  are  some  exceptional  ones  when  the  molecule  is 
not  divisible. 

The  bodies  to  which  they  appertain  are  then  said  to  have  an  atom  and  a  molecule  that  are 
homologous. 

By  knowing  the  atomic  weights  of  all  the  simple  bodies,  and  the  molecular  weights  of  either 
the  elements  or  the  compounds  which  they  form,  we  arrive  at  far  more  correct  notions  regarding 
the  constitution  of  bodies,  than  by  trusting  solely  to  the  rough  fact  of  equivalents.  See  MOLECVI.K? 

How  the  first  of  these  are  attainable  will  be  shown  in  the  next  article. 

ATOMIC  WEIGHTS.  FB.,  Poids  atomiques ;  GEB.,  Atomgewicht;  ITAL.,  Pesi  atomichi;  SPAN., 
Pesos  atomicos. 

Higgins  and  Dalton  were  the  first  to  think  of  explaining  chemical  combinations  by  the  hypo- 
thetical juxtaposition  of  atoms.  Dalton  argued  that,  those  atoms  being  insecable,  the  various 
quantities  of  a  body  A,  which  unite  with  an  invariable  quantity  of  another  body  B,  must  bear  to 
each  other  ratios  that  are  rational  and  commensurable.  From  this  atomical  hypothesis  he  then 
deduced,  a  priori,  the  law  of  multiple  proportions,  which,  after  receiving  the  sanction  of  experience, 
has  become  one  of  its  most  solid  foundations. 

The  atomical  theory  affords  a  satisfactory  explanation  of  equivalents,  that  is  to  say,  of  the"  fact 
that  bodies  enter  into  combinations  in  quantities  bearing  the  same  ratio,  though  they  vary  between 
themselves. 

For  example,  let  us  suppose  the  weight  of  one  atom  of  potassium  to  be  39  times  greater  than 
that  of  one  atom  of  hydrogen,  and  that  one  atom  of  the  one  or  the  other  of  those  bodies  to  one  atom 
of  chlorine  is  required  in  order  to  form  a  definite  combination.  As  the  weight  of  the  atom  of 
chlorine  remains  the  same  in  both  cases,  it  is  evident  that,  to  saturate  it,  it  will  take  39  time* 
the  weight  of  potassium  that  would  be  required  of  hydrogen.  Moreover,  as  these  proj>ortiona 
cannot  alter,  although,  instead  of  two  atoms,  an  indefinite  number  enter  into  combination,  the 
result  is,  in  general,  that  to  saturate  any  given  quantity  of  chlorine,  it  will  take  89  times  more 
potassium  than  hydrogen.  This  is  what  is  meant  when  we  say  that  the  relative  equivalent  of 
potassium  to  that  of  hydrogen,  taken  as  unity,  is  39.  In  the  atomical  theory,  the  equivalents  of 
bodies  thus  become  the  weight  of  their  atom  compared  to  the  weight  of  an  atom  of  hydrogen  taken 
as  unity,  and  are  known  under  the  name  of  Atomic  Weights. 

The  notion  of  atomic  weight  carries  with  it,  however,  something  more  precise  than  that  of 
equivalent.  It  is  another  ratio,  but  one  more  fully  determined. 

For  instance,  let  us  suppose  an  atom  of  oxygen  to  play  the  same  part  as  an  atom  of  hydrogen, 
that  the  two  bodies,  in  short,  may  be  substituted  the  one  for  the  other,  and  atom  for  atom ;  as 
experiment  proves  that  8  parts,  in  weight,  of  oxygen  go  to  1  of  hydrogen,  we  are  bound  to  conrludu 
that  the  atom  of  oxygen  weighs  8  times  heavier  than  that  of  hydrogen ; — that  the  atomic  weight 
of  oxygen  is  8. 

We  will  now  assume  that  it  takes  2  atoms  of  hydrogen  to  replace  one  of  oxygen.  As  one  of 
hydrogen  is  replaced  by  8  of  oxygen,  2  of  hydrogen  will  require  16  of  oxygen  ;  thin  will  lead  us  to 
the  admission  that  the  atom  of  oxygen  weighs  16  times  heavier  than  that  of  hydrogen  ;— that  the 
atomic  weight  of  oxygen  is  16. 

It  thence  follows  that — according  as  the  atom  of  oxygen  is  substituted  for  1  or  for  2  atoms  of 
hydrogen— the  atomic  weight  of  the  first  of  those  two  bodies  is  8  or  16  ;  whereas  the  equivalent— 
which  only  represents  a  simple  relation  of  weight,  irrespective  of  atoms — remains  always  equal 
to  8. 

It  is  necessary  to  bear  in  mind  that  the  numbers  whereby  the  atoms  of  the  din',  rent  bodies  are 
expressed  have  reference  solely  to  their  relative  weights— not  to  their  bulks,  which  are  supposed 
to  be  equal  in  all  cases. 

Another  important  distinction  to  which  we  must  call  attention  is  this,  that  compound  bodies  can 
have  no  atomic  weight :  they  have  only  a  molecular  weight. 

Simple  bodies  have  both  a  molecular  weight  and  an  atomic  weight. 

These  two  weights  may  be  used  indiscriminately  in  special  cases  when  the  molecule  contains 
only  one  atom. 

Two  methods  are  commonly  used  to  determine  atomic  weights:  tho  ono  IH  BOMM  on  thj>  f 
that  an  atom  is  the  smallest  portion  of  a  body  which  can  excrri.-r  »  flMflttao,  the  »">eri 
upon  the  different  specific  heats.    Both  these  methods  arc  indispensable,  as  they  cannot  be  always 
used  indiscriminately. 
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ftr»t  Method. — In  order  to  determine  tho  atomic  wi-i^ht  of  a  simple  body,  it  is  necessary,  in  the 
first  place,  to  know  the  molecular  weights  of  that  body  in  a  free  or  uncombiin.l  slate,  and  of  all 
— or,  at  least,  the  greater  number  of  the  compounds  which  it  forms ;  it  is,  moreover,  requisite  to 
ascertain  the  relative  quantities  which  enter  into  tho  composition  of  these  latter.  We  then  choose, 
aa  tho  weight  of  the  atom,  tho  largest  number  that  will  exactly  divide  the  weights  of  that  body 
contained  either  in  its  free  molecule  or  in  that  of  its  various  compounds.  For,  in  fact,  a  single 
molecule  must  contain  a  whole  number  of  atoms,  since  these  are  indivisible  ;  therefore,  the  weight 
of  any  number  of  atoms  is  necessarily  always  capable  of  being  divided  by  that  of  a  single  atom. 

One  example  will  sufllco  to  make  this  clearly  understood.  In  comparing  the  weights  of  equal 
volumes  of  free  hydrogen,  hydrochloric  acid,  hydrobromic  acid,  hydriodio  acid,  hydrocyanic  ». •!<!, 
hydrosulphuric  acid,  nydroselonio  acid,  hydrotellurio  acid,  ammonia,  and  so  on,  wo  find  that 
the  molecular  weights  of  those  different  bodies,  as  compared  with  that  of  the  molecular  \\vi-ht  of 
hydrogen,  taken  as  unity  (and  not  with  that  of  its  atom,  which  wo  still  suppose  to  be  unknown), 
are  aa  follows : — 


Names  of  Bodies. 

Weight*  of 
Molecules  com- 
pared with  tho 
Weight  of  a 
Melt-cute  of 
Hydrogen  =  1. 

QUANTITATIVE  COMPOSITION  OP  THE  MOLECULE. 

Amount  of 
Hydrogen  In 

a  Molecule. 

Quantities  of: 

Pure  hydrogen  .. 

1 

1 

0        other  bodies. 

Hydrochloric  acid 

18-25 

I 

17  '75  chlorine. 

1  1  \  d  robromic  acid 

40-50 

1 

40        bromine. 

Hydriodic  acid 

64-00 

1 

C3  •  5    iodine. 

II  vd  rocyanio  acid 

13-5 

I 

13        carbon  and  nitrogen  combined. 

Water  

9 

1 

8        oxygen. 

Hydrosulphuric  acid 

17 

1 

16        sulphur. 

Hydroselenic  acid 

40-75 

1 

39'75  selenium. 

Hydrotellurio  acid     .  . 

65-5 

1 

64-5    tellurium. 

Formic  acid 

23 

1 

22        carbon  and  oxygen  combined. 

Ammonia    

8-5 

1 

7        nitrogen. 

Phosphoretted  hydrogen 

17 

15-5    phosphorus. 

Arseniuretted  hydrogen 

39 

1 

37*5    arsenic. 

Acetic  acid  

30 

2 

28        carbon  and  oxygen  combined. 

Kthylene     

14 

2 

12        carbon. 

Propionio  acid 

37 

3 

34        carbon  and  oxygen  combined. 

Alcohol       

23 

3 

20 

Ether  

37 

5 

32 

From  this  Table  it  will  be  seen  that  the  greatest  common  divisor  of  the  numbers,  J,  1,  £,  2,  3,  5, 
which  express  the  weights  of  hydrogen  contained  in  the  molecules  of  the  different  bodies,  is  £ ; 
therefore  I  represents  the  atomic  weight  of  hydrogen.  All  the  weights  in  the  foregoing  Table 
refer  to  the  molecule  of  hydrogen.  If,  however,  we  take  as  unity  the  weight  of  this  atom  instead 
of  that  of  tho  molecule,  the  numbers  would  be  doubled,  as  follows : — 


Molecular 

QUANTITATIVE  COMPOSITION  OF  THE  MOLECULE. 

Weights  com- 

Names of  Bodies. 

pared  with  the 
Weight  of  One 

Amount  of 

Atom  of 

Hydrogen  in 

Quantities  of: 

Hydrogen. 

a  Molecule. 

Pure  hydrogen 

2 

2 

0      other  bodies. 

Hydrochloric  acid 

36  5 

1 

35  '5  chlorine. 

Hydrobromic  acid 

81 

1 

80      bromine. 

Hydriodic  acid 

128 

1 

127      iodine. 

Hydrocyanic  acid 

27 

1 

26      cyanogen. 

Water          

18 

2 

16      oxygen. 

Hydrosulphuric  acid 

34 

2 

32      sulphur. 

Hydroselenic  acid     .. 

81  5 

2 

79  -5  selenium. 

Hydrotelluric  acid    .. 

131 

2 

129      tellurium. 

Formic  acid 

46 

2 

44      carbon  and  oxygen. 

Ammonia    

17 

3 

14      nitrogen. 

Phosphoretted  hydrogen 

34 

3 

31       phosphorus. 

Arseniuretted  hydrogen 

78 

3 

75      arsenic. 

Acetic  acid 

60 

4 

56      carbon  and  oxygen. 

Ethylene     

28 

4 

24      carbon. 

Propionic  acid 

74 

6 

68      carbon  and  oxygen  combined. 

Alcohol       

46 

6 

40      carbon  and  oxygen. 

Ether  

74 

10 

fr*            ,,                  „ 

And  1,  being  the  greatest  common  divisor,  would  be  the  true  atomic  weight  of  hydrogen. 

In  the  same  manner,  we  can  determine  the  atomic  weights  of  other  simple  bodies ;  for  instance, 
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nitrogen     For  this  purpose  we  must  first  examine  the  molecular  weights  and  compositions  < 
different  volatile  compounds  of  nitrogen,  as  protoxide  and  binoxide  of  nitro^.,, 
hydrous  and  anhydrous  nitric  acid  and  ammonia;  we  can  then  form  the  following  Tablo"—  " 

)f  the 
acid, 

Names  of  Bodies. 

Weight  of 
Molecule  com- 
pared with 
an  Atom  of 
Hydrogen  =  1. 

Amount 
of 
Nitrogen. 

Amount  of: 

Protoxide  of  nitrogen 
Binoxide  of  nitrogen 
Hyponitrous  acid 
Hydrated  nitric  acid 
Anhydrous  nitric  acid 
Ammonia    
Nitrogen     

44    ' 
30 
46 
63 
108 
17 
28 

28 
14 
44 
14 
28 
14 
28 

16  oxygen. 

JS   » 

32      „ 

„      and  hydrogen  combined. 
80      „ 

3  hydrogen. 
0  other  bodies. 

14,  being  the  greatest  common  divisor  of  the  numbers  14  and  28,  becomes  the  atomic  weight 
of  nitrogen,  and  will  remain  so  unless  a  new  combination  of  that  bodv  be  discovered  the 
of  which  shall  contain  a  quantity  of  that  metalloid  equal  to  a  subinuitiple  of  14. 

Second  Method.— Tina  method  is  due  to  Dulong  and  Petit.   The  atomic  weights  of  several  bodiM 
being  already  known,  those  savants  found  that  the  same  amount  of  heat  is  always  requisite  i 
order  to  raise  by  1  degree  the  weights  of  various  simple  bodies  proportional  to  their  atomic 
weights.   Thus,  to  increase  by  1  degree  25  grammes  of  sodium,  32  grammes  of  sulphur,  1 18  grammes 
of  tin,  31  grammes  of  phosphorus,  &c.,  one  same  quantity  of  heat  ia  required,  which  for  the 
sent,  we  will  represent  by  the  letter  P. 

P  raises  23  grammes  of  sodium  1  degree.    It  is  evident,  then,  that  to  raise  1  gramme— that  ia, 

23  times  less  of  that  element— also  1  degree,  23  times  less  heat  will  be  required,  or  ^ .   Therefore, 

P 

—  represents  the  calorific  capacity  of  sodium. 
Ho 

P  P 

In  a  like  manner  it  will  be  found  that  the  calorific  capacity  of  sulphur  is  — ,  that  of  tin  — 

T>  I  Jo, 

and  that  of  phosphorus  —  • 

ol 

It  will  be  seen  that  the  specific  heats  decrease  when  the  atomic  weights  increase,  and  that  in 
the  same  ratio;  so  that  the  atomic  weights  being  1,  2.  4,  8,  16,  &c.,  the  specific  heats  will  bo 

1111       *•/» 
¥>    T»   T>    TSt   &c- 

We  are  taught  by  arithmetic  that  if  the  two  factors  of  a  multiplication  be  so  modified  that  the 
one  becomes  2,  3,  4,  5  times  less  while  the  other  becomes  2,  3,  4,  5  times  greater,  the  product  ia 
invariable.  We  must,  therefore,  always  obtain  sensibly  the  same  number  when  we  multiply  the 
specific  heats  of  various  bodies  by  their  atomic  weights. 


Thus,  the  product  of  the  atomic  weight  of  sodium  by  its  specific  heat  is 


product  of  the  atomic  weight  of  sulphur  by  its  specific  heat  is 


P  x  32 
32 


Px  23 
23 


=  P.    Tho 


=  P.     The  constant 


number  P  has  been  numerically  determined,  and  is  sensibly  equal  to  6  666. 

If  it  be  required  to  find  the  atomic  weight  of  a  simple  body,  its  specific  heat  must  be  ascer- 
tained. Let  C  represent  the  heat,  and  x-  its  unknown  atomic  weight,  we  have :  0  x  x  =  6  •  6»kj ; 

r*  .  £*{*(* 

whence  we  derive  x  —  — — .    The  atomic  weight  is  found,  therefore,  by  dividing  the  number 

\j 
6-666  by  the  specific  heat  derived  from  experiment. 

Dulong  and  Petit  have  enunciated  this  law  by  saying  that  the  specific  heats  are  inversely 
proportional  to  the  atomic  weights. 

To  enable  the  use  of  this  method,  it  is  necessary  that  the  bodies  whose  specific  heat  wo  wish 
to  ascertain,  exist  under  similar  conditions.  Thus  the  specific  heat  of  gases  cannot  be  used  to 
determine  their  atomic  weights.  But,  in  this  case,  the  desired  result  is  arrived  at  in  a  different 
manner. 

M.  Voestyn  discovered  that,  in  compound  bodies,  each  atom  retains  its  specific  heat.  If  tho 
molecule  of  a  compound  body  contains  2,  3,  4  simple  atoms,  the  product  of  ita  specific  heat  by  lU 
molecular  weight  will  be  2,  3,  4  times  the  constant  number  6  •  666. 

So  that,  supposing  that  the  atomic  weight  of  a  gas  be  required,  it  must  be  made  to  enter  into  mich. 
a  combination  as  will  assume  the  solid  state,  and  of  which  the  specific  heat  mtwt  be  ascertain. •<!. 
By  multiplying  the  number  representing  that  calorific  capacity  by  the  molecular  weight  <>f  tho 
compound,  and  dividing  the  product  by  6-6(Jf>,  the  quotient  gives  tho  number  of  atom*  of  which 
the  molecule  is  composed.  The  analysis  of  the  compound  being  made,  and  the  atomic  weight  of 
one  of  its  elements  known,  the  atomic  weight  of  the  other  can  be  readily  deducted. 

Let  us  assume,  as  an  example,  that  it  is  sought  by  this  process  to  find  the  atomic  writrM  «f 
oxygen :  we  combine  it  with  hydrogen,  and  then  determine  the  specific  heat  of  tho  wnt<T  thiu 
formed,  or  rather,  we  know  that  it  is  equal  to  1,  since  the  specific  heat  of  water  has  been  taken  a* 
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tho  unity :  on  the  other  hand,  the  molecular  weight  of  the  water  must  be  ascertained,  and  it  will 
be  found  equal  to  18.  Now,  aa  the  number  18  contains  3  times  6,  we  arrive  at  the  r<>ncluM»u  that 
the  water  contains  3  atoms  ;  finally,  it  is  shown  by  analysis  that  18  of  water  contain  16  of  oxygen, 
ami  2  of  hydrogen.  We  are,  moreover,  aware  that  the  weight  of  an  atom  of  hydrogen  is  1 ;  we 
must  thence  conclude  that  the  atom  of  oxygen  weighs  16.  For,  if  it  weighed  less  than  16,  there 
\\uuld  bo  more  than  one  atom  in  a  molecule  of  water,  and,  as  the  latter  already  contains  2  atoms  of 
hydrogen,  it  would  contain  altogether  more  than  3  atoms,  which  would  bo  in  contradiction  with 
the  conclusions  deduced  from  the  calorific  capacity  of  water. 

It  has  been  seen  that,  in  lieu  of  dividing  18  by  6 '660,  we  divided  it  only  by  6.  That  is  because 
tho  number  P  is  not  absolutely  constant,  but  varies  between  6  and  7:  so  that  in  selecting  <;•<'.>;<; 
we  onlv  chose  the  mean.  This,  however,  does  not  in  any  way  weaken  either  the  law  or  the  results 
derivwl  from  it.  The  specific  heats  are  only  approximate,  because  it  is  not  possible  to  tell  what 
quantity  of  caloric  a  body  absorbs  in  order  to  expand  as  well  as  to  become  heated,  a  quantity 
which  increases  the  specific  heat  found,  and  falsifies  the  result ;  but  this  slight  divergence  DetWMD 
theory  and  experiment  offers  no  inconvenience :  it  tends,  it  is  true,  to  render  tho  atomic  weights 
likewise  only  approximate;  fortunately  that  approximation  is  sufficiently  great  to  render  the 
analysis  of  the  compounds,  into  which  enter  tho  bodies  of  which  the  atomic  weights  are  requin  ••!, 
all-sufficient  in  completely  establishing  the  latter. 

If  the  atomic  weight  of  silver  were  required,  we  should  divide  the  number  6-666  by  0-05701, 

f*  '  f  *(*P 

the  specific  heat  of  the  metal,  and  thus  we  should  obtain  .         —  =  117 ;  if,  on  the  other  hand,  we 

0 '  (M/Ol 

combine  silver  and  chlorine,  and  analyze  the  chloride  of  silver,  we  shall  find  that  that  compound 
contains  35*5  of  chlorine  to  108  of  silver. 

As  35-5  represents  the  atomic  weight  of  chlorine,  we  may  consider  this  latter  to  be  combined 
with  1.  2,  3,  -4  .  .  .  atoms  of  silver.  And,  in  these  several  hypotheses,  the  atomic  weight  of  silver 
would  be  108,  54,  27,  .  .  &c. 

Again,  we  may  suppose  the  chloride  of  silver  to  contain  only  1  atom  of  silver,  to  2,  3,  4,  5,  ... 
atoms  of  chlorine,  BO  that  the  quantity  of  silver  in  combination  with  35-5  of  chlorine  would  repre- 
sent but  A,  4»  it  4>  .  •  •  the  weight  of  its  atom.  In  these  several  hypotheses  the  atomic  weight  of 
silver  would  be  216,  324,  432,  540,  .  .  .  &c. 

Other  hypotheses  may  be  added  to  the  above  ;  but,  be  they  what  they  may,  they  will  always 
give  for  the  atomic  weight  of  silver  values  that  differ  considerably  from  the  number  117,  found  Ly 
means  of  the  specific  heat.  There  is  but  one  supposition  which  yields  a  value  in  approximate 
harmony  with  that  number,  it  ia  the  one  whence  we  deduced  108  as  the  atomic  weight :  108  must, 
therefore,  be  regarded  as  the  true  atomic  weight  of  silver. 

The  object  of  chemical  notation  is  to  represent  the  various  bodies  known  by  means  of  brief 
formulae  which  shall  indicate  at  once  their  molecular  weight,  and  their  composition  both  as  to 
quality  and  quantity ;  thus  enabling  the  sense  of  the  different  reactions  that  take  place  to  be 
better  understood. 

In  the  construction  of  these  fonnulro  a  symbol  has  been  adopted  that  represents  the  atom 
— not  the  molecule — of  each  simple  body ;  such  are  the  symbols  used  in  the  Table.  These 
symbols  are  generally  obtained  by  taking  the  initial  letter  of  the  name  of  the  body,  thus :  O  for 
oxygen,  S  for  sulphur,  and  so  on.  When  the  names  of  several  bodies  commence  with  the  same 
letter,  the  first  letter  is  then  taken  to  designate  that  body  only  that  has  been  longest  known ; 
whereas,  for  the  symbol  of  the  others,  the  two  first  letters  of  their  name  are  used.  For  instance, 
sulphur,  selenium,  eilicium,  strontium,  beginning  each  with  an  8,  S  signifies  sulphur,  while  Se 
represents  selenium,  Si  silicium,  and  St  strontium. 

There  are,  however,  some  exceptions  to  this  rule :  occasionally,  instead  of  using  the  two  first 
letters,  the  first  and  one  of  the  letters  in  the  body  of  the  word  are  taken.  Thus,  arsenic  is 
expressed  by  As,  stannum  (tin)  by  Sn,  stibium  (antimony)  by  Sb,  and  hydrargyrum  (mercury) 
by  Hg. 

Finally,  in  the  same  way  that  some  of  the  symbols  are  taken  from  the  Latin,  like  the  three 
last,  others  are  borrowed  from  the  German.  Thus,  the  symbol  of  tungsten  is  W,  from  the  German 
Wolfram. 

All  simple  bodies  being  indicated  by  a  symbol  that  expresses  not  only  their  nature,  but  also 
their  atomic  weight,  nothing  is  easier  than  to  represent  a  compound  molecule.  The  only  thing 
needed  is  to  write  down,  side  by  side,  the  several  constituent  atoms,  adding  above  each  one  an 
exponent  indicative  of  its  number.  When  that  number  is  equal  to  1,  the  exponent  is  dispensed 
with.  Thus,  S  Q3  implies  a  compound  molecule  formed  of  1  atom  of  sulphur  and  3  atoms  of 
oxygen. 

In  symbolic  writing  it  has  been  agreed  to  place  the  most  electro-positive  of  the  several  com- 
ponents always  first.  But  this  rule  is  only  strictly  followed  for  those  compounds  that  contain  but 
two  elements. 

It  is  clear  that  the  formulae  of  which  we  are  now  speaking  represent  the  qualitative  compo- 
sition of  bodies.  It  is  also  clear  that  they  represent  their  molecular  weights.  Since  a  molecule 
can  have  no  other  weight  than  the  sura  of  the  weights  of  the  atoms  contained  in  it,  in  order  to 
know  how  much  it  weighs,  it  will  suffice  to  multiply  the  atomic  weight  of  each  element  by  its 
exponent,  and  add  together  the  products.  Thus,  the  formula  of  glycerine  being  G3  H8  Q3,  its 
molecular  weight  will  be  equal  to 

the  weight  of  3  atoms  of  carbon 3x12  =  36 

+  the  weight  of  8  atoms  of  hydrogen        8x1=8 

+  the  weight  of  3  atoms  of  oxygen 3x16=48 

Total 
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Finally,  these  formulae  represent  likewise  the  centesimal  composition  of  bodies.  Knowing  the 
quantity  of  thp  various  elements  contained  in  a  certain  weight  of  the  coui]x>und — that  of  iU 
molecule,  we  arrive,  by  means  of  a  simple  proportion,  at  the  knowledge  of  its  centesimal 
composition. 

For  example,  supposing  that  we  wish  to  find  the  centesimal  composition  of  acetic  acid ;  wo 
deduce  from  its  formula,  62  H4  G2,  in  the  first  place,  that  the  molecule  of  this  acid  weigh*  GO  ami 
that  it  contains 

2  atoms  =  24  of  carbon, 
4  atoms  =    4  of  hydrogen, 
and  2  atoms  =  32  of  oxygen. 

We  next  lay  down  the  three  proportions : — 

1st.    60  :  24  ::  100  ;  x,  where  x  =  ^*10°  =  *±$™  =  40. 

00  6 

4  x  100         4  x  10 

2nd.  GO  :    4  : :  100  :  x.  where  x  =  —~—  =      *        =  6'GGC- 

GO  6 

3rd.  60  :  32  ::  100  I  x,  where*  =  32  ^10°  =  ^™  =  53'333. 

We  now  know  in  what  manner,  by  the  aid  of  a  formula,  it  is  possible  to  learn  the  quantitative 
and  qualitative  composition,  ns  well  as  the  molecular  weight,  of  the  compound  which  it  n-prt-.-t-nts. 
It  remains  to  be  seen  how,  with  a  given  body,  the  formula  is  to  be  established  ;  it  is  the  other  bido 
of  the  problem. 

To  establish  the  formula  of  a  compound  body,  we  first  of  all  ascertain  by  analysis  its  centesimal 
composition ;  then  we  determine  its  molecular  weight.  Our  next  step  is,  by  a  series  of  proportions, 
to  find  out  the  composition  of  a  certain  weight  of  that  substance  known  to  represent  its  molecular 
weight.  After  which  wo  divide  the  quantities  of  its  several  elements  by  their  atomic  weight.-; 
the  quotient  shows  how  many  atoms  there  are  of  each.  Finally,  we  only  have  to  write  down,  .-itln 
by  side,  the  symbols  expressing  the  different  atoms,  beginning  with  the  most  electro-positive,  and 
to  surmount  those  symbols  by  an  exponent  indicating  the  number  of  the  atoms. 

Let  us  apply  this  rule  to  an  example,  and  suppose  that  it  be  required  to  establish  the  formula 
for  propionic  acid.  Wo  analyze  the  acid,  and  we  find  that  it  contains  48 '648  centesimals  of  carbon, 
43-243  of  oxygen,  and  8 '108  of  hydrogen. 

We  next  look  for  its  molecular  weight,  and  find  it  equal  to  74.  Having  done  that,  wo  lay  down 
the  three  proportions : — 

1st.  100  :  48'648  t :  74  :  x,  where  x  =  35 '999,  or  nearly  36. 
2nd.  100  :  43-243  : :  74  :  a-,  where  x  =  31-999,  or  nearly  32 
3rd.  100  :  8'108  ::  74  :  x,  where  x  =  5'999,  or  nearly  0. 

So  that  one  molecule  of  propionic  acid  weighs  74,  and  contains  36  of  carbon,  32  of  oxygen,  and  6  of 
hydrogen. 

The  weight  of  one  atom  of  carbon  is  12  ;  if,  then,  we  divide  the  weight  of  that  body  contained 
in  one  molecule  of  propionic  acid,  that  is  36,  by  12,  we  shall  have  the  number  of  its  atoms  ;  and,  as 

o^» 

—  =  3,  we  conclude  that  it  contains  3  atoms  of  carbon. 

In  like  manner,  the  weight  of  one  atom  of  oxygen  being  16,  we  divide  the  weight  of  oxygen 
contained  in  the  molecule  by  that  number ;  that  is,  ^  =  2  :  therefore,  propiouio  acid  contain*  2 
atoms  of  oxygen. 

Finally,  one  atom  of  hydrogen  weighs  1,  and  as  there  are  6  of  hydrogen,  and  y  =  6,  we  conclude 

that  propionic  acid  contains  6  atoms  of  that  element. 

Hence  the  formula  for  propionic  acid  is  €*  H«  6*. 

It  is  sometimes  necessary  to  indicate  that  a  certain  number  of  molecules  of  a  mrao  t 
part  in  a  reaction.    It  is  then  customary  to  place  at  the  left  of  the  formula  a  coefficient,  to  esi-re, 
that  number.     Thus,  to  signify  3  molecules  of  propionic  acid,  we  write  3 

Lastly,  in  order  to  render  an  exact  account  of  the  reactions,  it  is  the  practice  to  rj-pr- 
by  means  of  equations.    In  these  equations  the  first  side  contains  the  formula)  o 
bodies  entering  into  reaction,  preceded  by  a  coefficient  indicating  how  many  molecu U*  r.ad 
the  second  side,  which  is  separated  from  the  first  by  the  sign  =  ,  contains  tho  formu  1« 
ducts   formed  by  the  reaction.     As  nothing  is  lost  during  chemical  action.  « 
second  side  of  the  equation  must  contain  strictly  all  the  atoms  that  exist 

Tto  Jyfanoample  of  a  chemical  equation,  we  will  represent  the  reaction  which  em*  rue  to 
chloride  of  potassium,  K  0  I,  by  means  of  hydrochloric  acid,  H  C  I,  and  of  potaasmi 


KH0  +  HCI  =  KCI  +  H»0. 

Hydro-      CUlorlde 

chloric  of  Water. 

acid.        potassium. 


The  atom  of  potassium,  the  two  atoms  of  hydro* •»,  the  atom  of  oxygen,  •££•££ 
that  compose  the  first  side,  are  all  found  in  the  second  side,  but  grouped  in  a  di 
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Tho  following  Table  contains  a  complete  list  of  tho  elementary  bodies  known  nt  present  (ISM). 
I  -riptii'ii  of  mutter  which  has  been  examined  is  mmle  up  of  these,  CM  elements,  either 

oonibim  d  together  t<>  f<>nu  eoiui>ounds,  or  in  an  uncombiucd  or  free  state. 


N  I      -i 

New  Symbol*. 

Old  Symbol*. 

Hrraoocf  =1. 

Atomic 
Volume*. 

Weight  of  a 
Cubic  Foot 
in  Ounces 
Avoirdupois. 
Water  = 
1000  or. 

SPECIFIC  OKAVITT.    WATKII  =  1. 

New 

Atomic 
Weight*. 

Atomic 
Weight*  of 
Ik'rzcUus. 

Atomic 
Weight*  of 
Gerhard  t. 

When  water  =  1000,  the  decimal  point  Is  to  bo  placed  to 
tho  Kiglit,  three  places  of  Figures 

Aluminium.. 

Al 

Al 

27-5 

27-39 

13-75 

5-3 

2670 

2-5—2-67,  Wohlcr  ;  2  Mi7,  Dovillo. 

Antimony    .. 

•fcb 

Sb 

in 

129-24 

122 

17-9 

6720 

6'72,  Marchand  ami  S-heercr;  Kopp. 

•  nio 

Ag 

As 

75 

75-22 

75-22 

13-3 

5670 

5-63,  Karsten;  5-67,  Herapath. 

linrium 

tia 

Ba 

137 

137-06 

68-5 

.. 

uuth 

W 

Bi 

210 

213-20 

210      • 

,21-2 

9800 

9-80,  Marchand  and  Scheeref;  9-~8,  Korp. 

Boron  .  . 

B 

B 

11 

21-82 

10-9 

*      .     *  f 

.  . 

Bromine 

Br 

Br 

SO 

80-10 

SO 

25-8 

8190 

Liquid:  3  -19,  Pierre;  2-99,  Low  ig. 

Cadmium 

Gd 

Cd 

tii 

111-G6 

56 

'    6-5 

8690 

8-69,  Stromeyer;  8  -45,  Kopp. 

Cesium 

Ca 

Cs 

133 

'.. 

.. 

Calcium 

^u 

Ca 

40 

40-32 

26' 

12-6 

1580 

1*58,  Bunsen. 

Carbon 

0 

0 

12 

12'Oi 

22 

3-4 

8520 

Diamond:  3-52,  Brisson. 

Cerium 

•Go 

Ce 

92 

1  1 

.. 

Chlorine 

Cl 

Cl 

85-5 

35-52 

35-5 

26-7 

1330 

Liquid:  1-  33,  Faraday. 

Chromium    . 

•Hr 

Cr 

52-5 

52-70 

20-26 

3-8 

7010 

7'01,  Bunsen  and  Knmkknd. 

Cobalt  ..       . 

•Go 

Co 

59 

59-07 

29-5 

8-5 

8510 

8-49,  Brunner;  8  -51,  Ber/elius. 

Copper  .  . 

€u 

Cu 

63-5 

63-39 

31-75 

8-6 

8950 

8-95,  Marchand  and  Sclioerer;  8-33,  Kopp. 

Didymium    . 

iH 

Di 

95 

,  , 

,. 

Krliium 

Krb 

E 

ti 

Fluorine 

Fl 

F 

19 

IS"-  70 

19" 

Glucinum 

tfl 

Gl 

14 

2  '-2 

2100 

2-1,  Debray. 

Gold     ..       . 

Au 

Au 

197 

196"  98 

10-2 

19340 

19-34.  G  Rose;  19  -26,  Brisson. 

Hydrogen    .  . 

H 

II 

1 

1 

t 

*!*, 

., 

Indium        .. 

In 

In 

35-9(7) 

'     • 

.. 

Iodine  .. 

I 

I 

127 

127'-08 

127' 

25-7 

4950 

4-95,  Gay-Lussac 

Indium 

Ir 

Ir 

198 

197-44 

98-56 

4-5 

21800 

21-80,  Hare. 

Iron 

IN) 

Fo 

56 

56-17 

28 

3-6 

7840 

7-84,  Broling;  7  '79,  Karsten. 

Lanthanum 

la 

La 

92-8 

Lead    ..      . 

Pb 

Pb 

207 

207-47 

103"-5 

9-2 

11390 

11-39,  Karsten;  11-33,  Kopp. 

Lithium 

Li 

Li 

7 

13-08 

7 

11-9 

590 

0-59,  Bunsen. 

Magnesium  .  . 

•W  •' 

Mg 

24 

25-34 

12 

6-9 

1740 

1-74,  Bunsen;  1  70,  Kopp. 

Manganese  .. 

Mn 

Mn 

55 

55-23 

27-5 

3-5 

8030 

8-03,  Bachmann;  8-01,  John. 

Mercury 

4K' 

Hg 

200 

200-52 

100 

7-4 

13600 

Liquid:  13  '60,  Rcgnault,  Kojip. 

Molybdenum 

Mo 

Me 

96 

95-53 

48 

5-3 

8630 

8-62—8-64,  Bucliholz. 

Nickel  ..      .. 

m 

Ni 

59 

59-19 

29-5 

3-4 

8820 

8  -GO.  Brunner;  8  '82,  Tupputi. 

Niobium 

Nb 

Nb 

94(?) 

tt 

M 

Nitrogen 

N 

N 

14 

14"-  02 

14* 

Norium 

No 

No 

Osmium 

Os 

Os 

199 

199-13 

Oxygen 

** 

0 

16 

16 

16 

Palladium   .  . 

Pd 

Pd 

106-5 

106-64 

4-6 

11800 

11-80,  Wollaston. 

Phosphorus  .  . 

P 

P 

31 

31-41 

31 

16-8 

1840 

Yellow  :  1  •  84,  Schrotter  ;  1  •  83,  Kopp. 

Platinum     .  . 

?t 

Pt 

197-5 

197-44 

98-5 

4-6 

21500 

21-5,  Wollaston,  Berzelius. 

Potassium   .  . 

K 

K 

39 

78-47 

39 

45-6 

860 

0'86,  Gay-Lussac  and  Thenard. 

Rhodium 

•Rh 

Rh 

101-4 

104-48 

4-7 

11200 

11-0,  WoUaston  ;  11  •  2,  Cloud. 

Rubidium    .  . 

»b 

Rb 

85-4 

Ruthenium  . 

-it-ii 

Rn 

10i-4 

Selenium     .. 

«e 

So 

79-5 

79-37 

79-5 

"I  Q  .  A 

4280 

Amorphous  :  4  •  28,  Schafigotsch. 

Silicon 

-Si 

Si 

28 

44-51 

11-2 

2490 

2-49,  Wohler. 

Silver  ..     .. 

Ag 

Ag 

108 

216-29 

108' 

10-2 

10570 

10-4,  Karsten  ;  10  57,  G.  Rose. 

Sodium 

Na 

Na 

23 

46-43 

23 

23-7 

970 

0  •  97,  Gay-Lussac  and  Thenard. 

Strontium    .. 

fir 

Sr 

87-5 

87-48 

43-75 

17-2 

2540 

2  "54,  Bunsen. 

Sulphur 

-8 

8 

32 

32-17 

32 

15-2 

2070 

Trimetric:  2  -07,  Marchand  and  Scheerer,  Kopp. 

Tantalum 

•fa 

Ta 

137-6 

Tellurium 

¥e 

Te 

129 

128-48 

129 

20  '-6 

6240 

6-24,  Berzelius  ;  6  18,  Lowe. 

Terbium 

Tr 

Tr 

Thallium 

Tl 

Tl 

204 

Thorium 

Th 

Th 

Tin       .. 

STI 

Sn 

118 

llf-83 

59" 

16-2 

7300 

7'29,  Karsten;  7  '30,  Kopp. 

Titanium 

fi 

Ti 

50 

48-3 

25 

Tungsten 

W 

W 

184 

190-44 

92 

5"-  3 

17900 

17-2,  Allen  and  Aiken;  17  '5—  18  -3,  Wohler. 

Uranium 

U 

U 

120 

118-88 

60 

3-3 

18400 

18-4,  Peligot. 

Vanadium     . 

V 

V 

137 

137-32 

Yttrium 

¥t 

Y 

68 

Zinc 

2n 

Zn 

65-2 

65  '-16 

32-6 

4-6 

7130 

7-13,  Kopp  ;  7  •  1—7  •  2,  Bolley. 

Zirconium     . 

•Br 

Zr 

89-6 

67-26 
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The  succeeding  tabulated  form  shows  at  one  view  where  the  ordinary  substances,  not  a<reein<* 
with  the  required  alphabetical  order,  are  placed,  and  from  what  words  their  resoective  symbols 
are  taken. 


Aluminium 
Argentum  (silver) 

Al 

Ag 

Hydrargyrus  (mercury) 
Hydrogen 

S8 

;  Rhodium      
Rubidium 

Rh 
Rb 

Arsenic 

As 

Indium  

In 

Ruthenium 

fcu 

Aurum  (gold) 

Au 

Iodine    

I 

Selenium 

Se 

Barium 

fia 

Iridium  

Ir 

Silicon  

Si 

Bismuth 

fii 

Kalium  (potassium) 

K 

Stannum  (tin) 

Sn 

Boron 
Bromine 

•• 

B 
Br 

Lanthanum  .. 
Lithium 

ia 
Li 

Stibium  (antimony) 
Strontium 

Sb 
Sr 

Cadmium 

€d 

Magnesium  .. 

Alg 

Sulphur 

s 

Caesium 

Cs 

Manganese 

Mn 

Tantalum 

Ta 

Calcium 

.. 

€a 

Molybdenum 

Mo 

Tellurium 

Te 

Carbon 

& 

Natrium  (sodium) 

Na 

I  Terbium 

Tr 

Cerium 

Ge 

Nickel   

Ni 

Thallium      ..      .. 

Tl 

Chlorine 

Cl 

Niobium 

Nb 

Thorium 

Th 

Chromium 

Gr 

Nitrogen 

N 

Titanium 

Hi 

Cobalt      ..      .. 

Go 

Norium  

No 

Uranium 

tt 

Cuprum  (copper) 

Gu 

Osmium 

Os 

Vanadium 

V 

Didymium 
Erbium 

Bi 
Erb 

Oxygen  
Palladium 

0 
Pd 

Wolfram  (tungsten) 
Yttrium        ..      .. 

w 

M 

Ferrum  (iron) 

*e 

Phosphorus  .. 

P 

Zinc       

£n 

Fluorine  .. 

Fl 

Platinum 

ft 

Zirconium 

2r 

Glucinum 

ei 

Plumbum  (lead)  .  . 

*b 

Prefixes  and  Affixes. — Hypo-.  This  term  is  used  to  indicate  that  the  substance  to  which  it  is 
applied  contains  less  oxygen  than  the  other  siibstance  from  which  the  name  is  derived ;  thus 
HyponiMc  acid  contains  less  oxygen  than  nitric  acid,  -ous  is  used  to  imply  less  oxygen  than  tho 
termination,  -ic ;  thus  nitrous  oxide  contains  half  as  much  oxygen  for  its  nitrogen  as  nitric  oxide. 
Many  of  the  elements  are  capable  of  uniting  with  other  elements  in  several  different  proportions 
to  form  chemical  compounds.  Sulphur,  for  example,  is  specially  apt  to  form  more  than  one  com- 
pound with  a  single  element.  When  sulphur  unites  with  a  metal,  the  compound  formed  is  called 
a  sulphacfe,  just  as  a  compound  of  oxygen  and  a  metal  is  called  an  oxide,  or  one  of  chlorine  and  a 
metal  a  chloride, — the  termination,  -ide,  which  always  indicates  combination,  being  added  to  tho 
first  syllable  of  the  word  sulphur,  or  oxygen,  or  chlorine,  and  the  new  word  ending  in  ide  being 
then  connected  with  the  name  of  the  metal,  as  in  the  case  of  sulphide  of  copper.  But  when,  as  in 
the  case  of  calcium,  there  are  several  distinct  sulphides,  it  is  customary  to  distinguish  one  from 
the  other  by  means  of  various  Latin  and  Greek  prefixes.  Thus  the  compound  which  contains  one 
atom  of  sulphur  and  one  atom  of  calcium  is  the  proto-sulphide,  or  simply  the  sulphide  of  calcium, 
the  prefix  proto-  being  derived  from  the  Greek  word  for  first ;  the  compound  which  contains  two 
atoms  of  sulphur  to  one  of  calcium  is  the  ^bisulphide  of  calcium,  from  the  Latin  for  twice ;  and  in 
like  manner  we  have  a  tersulphide,  containing  three  atoms  of  sulphur  to  one  of  calcium,  and  a 
quinquisulphide  containing  five  atoms  of  sulphur.  The  compound  containing  the  highest  pro- 
portion of  sulphur  is  often  called  the  persulphide.  A  good  custom  is  to  designate  the  compounda 
•which  contain  more  sulphur  than  the  protosulphide  by  prefixes  of  Latin  origin,  and  to  distinguish 
those  which  may  contain  less  sulphur  than  tho  protosulphide  by  means  of  Greek  prefixes ;  thus,  if 
there  were  a  compound  of  two  atoms  of  calcium  and  one  of  sulphur,  it  would  properly  be  called  a 
dT»-sulphide  of  calcium,  the  prefix  being  from  the  Greek  Sis.  The  same  prefixes  are  used  in  an 
analogous  manner  in  connection  with  the  words  oxide,  chloride,  bromide,  iodide,  and  the  similar 
words  ending  in  ide. 

Many  modern  writers  on  chemistry  employ  ft  notation  which  we  nppend.  Some  of  tho  symbols 
and  contractions  of  this  notation  are  embodied  in  the  notation  we  have  just  explained. 

One  equivalent  of  oxygen ; — written  above  a  symbol  representing  an  element,  and  repeated 
to  indicate  two,  three,  or  more  equivalents;  thus,  Fe  denotes  a  compound  of  one  equivalent  of 
oxygen  with  one  of  iron ;  S  a  compound  of  three  equivalents  of  oxygen  with  one  of  sulphur. 

'  One  equivalent  of  sulphur ; — used  in  the  same  manner  as  the  preceding ;  thus,  Fe  denotes  a 
compound  of  two  equivalents  of  sulphur  and  one  of  iron. 

A  dash  drawn  across  a  symbol  having  either  of  the  foregoing  signs  above  it,  denotes  that  1 
equivalents  of  the  substance  represented  by  the  symbol  are  joined  with  the  number  of  equivalent* 
of  oxygen  or  sulphur  indicated  by  the  dots  or  commas ;  thus,  Fe  represents  a  compound  of  two 
equivalents  of  iron  and  three  of  oxygen,  forming  sesqui-oxide  of  iron. 

+  indicates,  in  organic  chemistry,  a  base  or  alkaloid,  when  placed  above  the  initial  1 

the  name  of  the  substance ;  as,  M,  morphine ;  Q,  quinine. 

-  indicates,  in  organic  chemistry,  an  acid,  when  placed  above  tho  initial  letter  of 

the  acid ;  as,  C,  citric  acid ;  T,  tartnric  arid.     . 

Each  symbol,  when  used  singly,  always  indicates  a  single  atom  or  equivalent  of  the  «i 
represented  by  it;  thus,  O  stands  for  one  atom  or  equivalent  of  oxygen,  C  for  a  si 
of  carbon,  and  the  others  in  like  manner.     A  compound  body  made  up  of  single ;  equn 
constituents  is  represented  by  the  two  symbols  of  the  respective  constituents  wntt 
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u,  HO,  a  compound  of  one  equivalent  of  hydrogen  with  one  of  oxygen,  forming  water.  To  ex- 
press more  than  one  atom  or  equivalent  of  a  substance,  a  number  is  used,  either  prefixed  to 
the  HvmM,  «  r.  more  commonly,  written  after  it,  below  the  line;  as,  2 O,  or  O,,  two  equivalents  of 

•ndary  romfmund,  as  a  halt,  is  indicated  by  writing  tho  symbols  of  the  constituent  com- 

pnunds  '-He  nit.  r  another,  with  the  sign  -f  between  them,  the  symbol  of  the  base  being  always 

pluet-d  lir.>t;  thn.s,  l'n  O  -f  i   (  '    t'  \ ••''   ents  earbonitte  of  lime.    A  comma  is  frequently  used  in.-tead 

«-t'  the  Mu'ii  4-,  commonly  to  express  a  more,  intimate  union  than  would  be  expressed  by  that  sL'n. 

OKMMtbBM  used  to  indicate  a  union  more  intimate  than  that  denoted  l.y  the.-ign  + 

but  li-.-s  to  than  tnat  implied  by  a  comma.      A  number  written  )>efore  the  symbol  of  a  compound 

Mates  a  corrcsi>onding  number  of  equivalents  of  that  coni]>ound  ;  as,  3  S  O,,  three  equivalents 

'.piiuric  acid.      When  the  formula  of  tho  quantity  contains  several  terms,  those  to  which 

the  tiguro  applies  are  included  in  parentheses  or  brackets,  to  which  the  figure  is  prefixed ;  as 

3  (Cat)  +  S  ( )j).  three  equivalents  of  sulphate  of  lime.    (See  EQUIVALENTS.    HEAT.    ISOMOKTHISM. 

MuLKCl  I  AK    V»l.t'ME. 

ATTEMPERATOR,  IN  BREWING.  FR.,  Attempfratcur ;  GEB.,  Eine  Vorrichtung  um  eine 
glc\ckmdsstg«  Tcmperatur  zu  behalten;  ITAL.,  Rcgolatore  delta  temperatura;  SPAN.,  Regulator  de 
tfmpcratura. 

Tho  attemperator  invented  by  A.  B.  Walker  is  shown  at  A,  Figs.  429,  430,  and  consists  of  a 
rectangular  frame,  in  which  a  series  of  flattened  tubes  6, 6,  arc  arranged  side  by  side,  with  spaces 

429. 


430. 


of  about  5  in.  between  them.  The  spaces  between  the  tubes  are  filled  with  spring-water,  ice,  or 
any  freezing  mixture  of  salts  or  acids.  At  one  end  the  tubes  are  connected  by  the  pipe  c,  to  the 
fan  d ;  at  the  opposite  end  they  are  connected  to  the  pipe  e  which  leads  up  to  the  fermenting-tuns 
/,  branching  off  directly  over  each  tun,  and  having  a  vertical  tube  g,  pierced  at  the  bottom  with 
email  holes  for  the  exit  of  air.  The  supply  of  air  to  each  tun  is  regulated  by  the  slide  A,  so  as  to 
suit  the  progress  of  the  fermentation.  As  soon  as  the  fermentation  commences,  and  the  yeast  begins 
to  form  on  the  surface  of  the  wort,  the  fan  is  put  in  motion,  and  a  current  of  air  is  thus  driven 
through  the  tubes  of  the  attemperator,  and  caused  to  pass  over  the  surface  of  the  wort  until  the 
fermentation  is  completed. 

Thin  atmospheric  attemperator  has  been  applied  to  the  manufacture  of  malt,  so  that  malt  may 
be  made  in  summer  as  well  as  in  winter.    Hitherto  it  has  been  impracticable  to  make  malt  in 


the  summer  equal  to  that  made  in  winter,  or,  in  fact,  to  make  it  at  all  in  the  summer,  owing  to  the 
unsuitability  of  temperature.    Fig.  431  shows  the  application  to  malting-rooms ;  A  is  the  malting- 
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room;  6,  pipes  leading  from  the  attemperator  directly  through  the  maltin^-room  A  few  foot 
he  floor ;  cc,  flexible  tubes  attached  to  the  pipe.,  6,  whh  rosf  perfomtod  oaj^U  the  endl 
he  malt  is  on  the  floor  xn  process  of  germination,  the  tempVrature  of  the  rcx>m  btwdtodte 

that  degree  of  temperature  best  suited  for  malting,  by  currents  of  attempemtedaL  from  tho 

attemperator  distributed  over  the  surface  of  the  malt  on  the  floor 

Fi.f-432  present s  the  attemperator  invented  by  Joshua  Crockford,  as    xe     o  a  wo 

tunwith  sliding  side-doors  and  fixed  roof,  such  as  is  largely  used  in  Burtou  breweriel! 


432. 


of  a  circular  vessel,  D,  fixed  on  the  top  of  the  mash-tun,  this  vessel  containing  a  coiled  steam-pipe, 
and  being  fitted  with  suitable  pipes  for  conducting  the  wort  into  and  out  of  it.  When  it  is  desired 
to  raise  the  temperature  of  the  mash,  the  wort  is  drawn  from  the  tun  by  the  pipe,  A ;  and  tho 
centrifugal  pump,  B,  being  set  in  action,  it  is  raised  into  the  vessel,  D,  through  the  pipe,  O. 
There  it  is  heated  by  the  action  of  the  steam  in  the  coiled  pipes ;  and  then  it  is  led  down  through 
the  pipe,  E,  to  the  central  vessel  of  the  sparger,  J,  which  distributes  it  over  the  goods.  It  will  oe 
noticed  that  the  pipe,  C,  conducts  the  wort  to  the  bottom  of  the  vessel,  D,  whilst  the  pipe,  E, 
draws  off  the  wort  from  near  the  surface,  where  it  is  of  course  hottest.  The  pipe,  F,  ia  for  admit* 
ting  the  ordinary  supply  of  hot  liquor  to  the  sparger. 

So  long  as  the  pump,  B,  is  in  action,  a  constant  current  is  maintained  through  the  poods,  the 
wort  being  drawn  off  at  the  bottom,  heated,  and  again  sparged  on  the  top  continually.  By  the  uae 
of  this  attemperator,  the  temperature  of  the  mash  can  be  kept  at  any  desired  jxiint  for  any  length 
of  time ;  and  in  the  case  of  small  brewings,  where  the  loss  of  heat,  from  radiation  and  other  causes, 
is  proportionately  very  great,  it  is  particularly  valuable. 

ATTIC.     FK.,  Grenier,  Mansards  ;  GEK.,  Der  Uebersatz ;  ITAL.,  Attico ;  SPAN.,  Bdto  trjado. 

See  BUILDING. 

ATWOOD'S  MACHINE.  FR.,  Machine  tfAtwood;  GEB.,  Atwood  Maschine  filr  Anteij«  eon 
freiun  Fall  der  Korpcr ,-  ITAL.,  Macchina  d'Atwoodj  SPAN.,  Maquina  Att\cood. 

See  ACCELERATION. 

AUGER.     FK.,  Tariere ;  GEE.,  Zimmermannsbohrer ;  ITAL.,  Trivella  ;  SPAN.,  ITaMra. 

An  auger  is  an  instrument  for  boring  holes,  chiefly  in  wood.  It  consists  of  a  long  shank  or 
axis,  having  a  cutting-edge  at  one  end,  and  usually  a  handle  placed  crosswise  at  the  other,  by 
which  it  is  turned  with  both  hands.  A  pod-au<icr  has  a  straight  channel  or  groove,  like  the  hnlf  of 
a  bean-pod.  A  screw-auger  has  a  twisted  blade,  by  the  spiral  groove  of  vlm-h  the  chips  are 
discharged.  Peculiar  augers  are  employed,  termed  groun<l-<ni:i<-i:«,  for  Ixiring  nrtctum  veil*,  or 
perforating  soils  or  rocks,  instruments  of  this  sort  consist  of  a  handle  for  working,  a  rod  which 
may  be  lengthened  as  the  perforation  extends,  and  a  bit,  mouth,  or  cutting-piece,  rewnibling  the 
bit  of  a  common  auger,  for  soils  or  soft  rocks ;  and  a  chisel  for  harder  rocks.  A  bit  u  a  name 

( mon  to  all  exchangeable  boring  tools;  for  wood,  bits  nre  gnu-rally  applied  by  m«in«  of  a 

crank-formed  handle,  known  as  the  carpenter's  brace.    The  smaller  tools  UM  <1  f(  -r  metal,  and  applM 
by  the  bow-drill,  ratchet-brace,  lathe,  or  drillin^-nmchino,  are  termed  drill.-,  or  <irill-'ntt. 
cular  names  used  to  designate  Ms  are,  in  most  cases,  derived  from  their  forms  and  the  nurjiw 
which  they  are  employed.    For  wood,  bits  termed  shclMts  are  numerous ;  tho  simplest  form  u 
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shown  in  Fig.  433,  which  is  shaped  like  a  gouge,  with  the  piercing  end  sharpened  to  a  semicircular 
edge,  for  shearing  the  fibres  around  the  circumference  of  the  hole.  "When  liinre,  tho  shell-bit  is 
termed  a  gauge-lrit.  Sometimes  the  piercing  end  is  drawn  to  a  radial  point,  nml  it  is  then  termed* 
a  tpoon-bit,  of  which  the  cooper's  dovml-bit  and  the  table  or  furniture  bit  are  examples.  When  tho 
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end  is  bent  into  a  semicircular  form  horizontally,  it  is  then  termed  a  duck-nose  bit.  The  centre-bit, 
shown  in  Fig.  434,  is  another  typical  form,  in  which  the  end  is  flat,  provided  with  a  centre  point 
or  pin,  filed  triangularly,  which  serves  as  a  guide;  the  -centre-bit  has  also  a  shearing-edge,  or 
nicker,  serving  to  cut  the  fibres 
round  the  margin  of  tho  hole, 
and  a  broad  chisel-edge,  or  cutter, 
to  pare  away  and  remove  the 
wood  within  the  circle  defined  by 
the  nicker.  The  plug  centre-bit, 
used  chiefly  for  making  counter- 
sinks for  cylinder-headed  screws ; 
the  button-tool,  which  retains  only 
the  centre-pin  and  nicker,  and 
is  used  for  cutting  put  discs  of 
leather,  and  of  similar  sub- 
stances ;  the  flute-drtll,  the  cup-key 
drill,  the  wine-cooper's  bit,  are 
all  modifications  of  the  centre-bit. 
The  half -round  bit,  shown  in  Fig. 
435,  is  employed  in  enlarging 
holes  in  metal,  and  is  usually 
fixed  vertically,  or  worked  by  a 
lathe.  The  cutting  end  of  this 
bit  is  ground  with  an  inclined 
plane,  from  3°  to  6°  from  the 
perpendicular,  according  to  tho 
hardness  of  the  metal  to  be  bored. 
The  rose-bit  is  shown  in  Fig.  436 ; 
it  is  cylindrical,  and  terminates 
in  a  truncated  cone,  the  oblique 
surface  of  which  is  cut  into 
teeth,  like  the  rose-countersink, 
of  which  it  is  a  modification. 
The  rose -bit  is  often  used  for 
enlarging  holes  of  considerable 
depth  in  metals. 

Figs.  437, 438, 439, 440, 441,  refer  to  Ransom  Cook's  machine  for  turning  the  lips  of  augers.  In 
using  this  machine  the  cam-lever  c  is  first  raised  to  nearly  a  vertical  position,  thus  allowing  the 
clamps  6  to  open.  An  auger  or  bit,  with  the  lips  shaped  as  shown  in  Fig.  441,  being  red-hot,  is 
placed  in  one  of  the  crimping-dies  a,  with  the  lips  projecting  beyond  the  die,  and  towards  the 
wrench,  Figs.  437,  438.  The  upper  end  of  the  cam-lever  is  then  brought  quickly  down,  thus 
forcing  the  other  crimping-die  against  the  auger,  and  firmly  holding  it  between  the  two  dies.  A 
quick  turn  is  given  to  the  screw-shaft  /,  which  brings  the  wrench  in  the  hub  of  the  wrench-wheel  d 
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into  an  embrace  with  the  end  of  the  auger,  the  centre  of  which  enters  the  hole  in  the 
wliilc  the  hps  pass  into  the  slots  on  its  side.    One  of  the  handles  of  the 
.  seized  by  the  operator,  and  turned  towards  himself,  when  the  wrench  keepm, 
by  means  of  its  hold  of  the  centre,  turns  or  bends  the  lips  into  the  'desired 
turned  at  the  same  time  and  to  the  same  angle, 
while  the  shoulders  of  both  are  left  in  the  same 
line. 

Grier  and  Boyd's  machine  for  making  auger- 
bits  is  shown  in  Fig.  442.  The  revolving  and 
longitudinally-moving  shaft  L  B,  has  a  recess 
in  its  end  for  holding  and  twisting  the  blank, 
in  connection  with  a  series  of  dies  arranged  to 
clasp  and  hold  the  auger  as  fast  as  it  is  twisted ; 
thus  completing  the  process  in  one  operation. 
The  rotating-shaft  B  has  a  hole  in  it  made 
longitudinally,  of  proper  size  and  form,  to  re- 
ceive the  blank  and  hold  it  while  being  twisted 
and  drawn  out.  The  tongs  L,  having  suitably 
constructed  jaws,  act  in  combination  with  the 
shaft  B.  C  is  a  screw  so  arranged  as  to  impart 
to  the  shaft  B  an  intermittent  longitudinal  r 
movement  during  the  operation  of  twisting  the 
blank,  so  that  both  twisting  the  blank  and 
setting  the  lips  are  done  in  one  operation. 

Fig.  443  represents  a  machine  for  swaging  the  heads  of  screw-augers,  invented  by  R  Jennines. 
The  jaws  of  the  gripping-dies  arc  arranged  vertically-one  stationary,  and  the  other  movabfe 
their  faces  grasp  the  twisted  auger,  and  present  the  up]>cr  end  to  a  hammer,  which  iwaqn  the 
points  and  lips  at  one  blow.    Tho  heading-die  is  operated  by  the  rotating-shaft  B,  throu-h  tho 
medium  of  the  loose  driving-wheel  E,  provided  with  the  pins.*/,  the  f4idin-'-whecl  F   pheed  on  a 
ehdmg-rod  H,  and  the  fixed  inclined  lip  a.     The  forming-die  consists  of  the  portions  I    I 
structed  and  arranged  as  shown  in    Fig.  443.     The  heading-die  D,  mould  L,  toggle  ^ 
operating  mechanism,  are  so  arranged  that  the  driving-shaft  B  may,  at  the  will  of  the  oiwrator  be 
connected  with,  or  disconnected  from,  the  continually  rotating  driving-wheel  E 


Fig.  444  illustrates  the  principles  upon  which  a  simple  and  ingenious  machine,  for  forming  \\\f 
twist  of  auger-blanks,  is  constructed.  This  device,  patented  by  Mary  Tower,  consists  of  a  aerica  of 
pairs  of  circular  metallic  plates,  G,  K,  superimposed  on  each  other,  each  plate  having  a  jH^ulmrly 
shaped  mortice  through  the  centre-,  and  provided  also  with  projecting  and  overlapping  ntiids  upon 
its  periphery.  When  these  plates  are  arranged  in  certain  positions,  the  centnil  nmrt !<•«••«  correspond 
with  each  other,  and  admit  the  flat  bar  of  metal,  previously  heated,  of  which  the  anger  is  to  be 
made;  the  upper  plate  is  then  turned  round,  with  a  continuous  movement,  until  each  plate  ha*, 
by  means  of  contact  of  the  projecting  studs  with  each  other,  been  forced  to  assume  the  position 
required  for  imparting  to  the  metal  the  necessary  twist. 

Jennings'  double-twisted  pod-auger  is  shown  in  Fig.  445 ;  this  instrument  baa  two  jtoor-/ipt 
B,  B,  which  project  beyond  the  positions  in  which  they  have  heretofore  been  placed  ;  and  the  epur 
c.  instead  of  being  situated  at  the  outer  front  corner  of  the  cutting-edge  of  the  flixT-lip.  «h«  re  tho 
latter,  from  its  necessary  thinness,  is  weakest,  is  projected  from  it.-*  hinder  part,  or  heel,  when-  it 
is  strongest.  A  new  relation  between  the  cutting-edge  of  the  floor-lip  and  the  spur  is  thuj 
effected,  so  that  the  one  does  not  interfere  with  the  operation  of  the  other.  Ilenre  the  cutting- 
edges  of  a  double-twist  auger-bit  are  so  formed,  that  tho  cutting-edges  of  the  •oorera  and  chutl  do 
not  intersect  the  worm  or  helix  of  the  shaft  A  at  the  same  point. 
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Tho  ship-anger,  shown  in  Figs.  446,  447,  has  the  cutting  portion  B  of  the  auger  attached  to  tho 
screw  jMjrtion  l>y  int-ans  of  u  <lvrc-tiitl  nutch,  formed  liy  the  shoulder  6,  inclined  end  c/,  dowel  /,  and 
•crew  e.  This  nu-tluxl  nf  con.-.t motion  \sas  invented  l>y  .1.  W.  Hoagland. 

The  expanding  auger- bit  of  L.  H.  Gibbs  is  shown  in  Figs.  448,  449,  450,  451.  In  this  instru- 
ment tin-  plate  1  1  into  the  slot  D  in  the  auger  A ;  and  by  inserting  the  lower  pin  ./  into 
one  of  tho  series  of  holes  in  the  plate  15,  tin-  cutting-lip  j  on  the  pinto  1>  can  !><•  set  further  out  or 
in,  so  as  to  lx>ro  hirger  or  smaller  holes.  This  invention  consists  of  tho  adjustable  plate  B,  uith 
the  rib  </,  lip  ),  index  holes  r,  c,  c,  r,  in  B,  combined  with  tho  auger  A,  with  slot  D,  tapering-pins 
g,  </,  and  Kt-screur  A,  as  shown  in  the  figures. 


446 
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450. 


Figs.  452,  453,  illustrate  C.  W.  Cotton's  method  of  securing  augers  to  handles  by  having  * 
metallic  tube  B  placed  around  the  centre  of  the  handle,  a  transverse  rectangular  taper-hole  a, 
made  through  the  handle  and  tube,  and  a  metallic  band  C,  placed  around  the  tube  B,  and  turning 
loosely  on  it ;  the  band  C  having  slots  c  c/,  made  through  it,  a  part  of  the  slot  d  being  taper ;  then, 
the  shank  of  the  auger  being  placed  in  the  hole  a,  and  through  the  slots  cd  in  the  band,  the  shank 
is  secured  to  the  handle  by  turning  the  band,  which  causes  the  edges  of  the  taper  portion  of  the 
slot  d  to  pass  into  the  notches  /,  /,  of  the  shank. 

Figs.  454,  455.  456,  457,  represent  a  gimlet  or  anger  handle,  invented  by  G.  H.  Talbot.  This 
inventor  does  not  claim  the  method  of  giving  a  revolving  action,  in  either  direction,  to  the  boring- 
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tool  by  reversible  pawls  and  ratchets,  as  snch  arrangement  is  common  to  drill-stocks.  His 
invention  consists  in  forming  gimlet  or  auger  handles  so  internally  arranged,  that  when  the 
ure  of  the  hand  is  applied  on  both  sides  of  the  axial  line  of  the  bit,  and  under  the  usual 
clutch  of  the  hand  over  the  centre  line,  the  accompanying  devices  present  no  obstruction,  but  are 
protected  from  injury  or  derangement,  as  shown  in  Figs.  456,  457. 

A  mode  of  securing  brace-bits  in  their  sockets,  proposed  by  E.  W.  Nichols,  is  shown  in  Fi-?s. 
458,  459.  The  bit  R  is  represented  as  being  fastened  to  the  stock  S.  To  loosen  the  bit,  the  nut  a 
is  turned,  thus  screwing  down  the  shank  of  the  spring,  until  the  projection  B  of  the  spring  springs 
back  into  the  recess  c,  in  the  stock,  when  the  bit  may  be  drawn  out.  The  pin  g  enters  a  groove  in 
the  outside  of  the  nut  a,  which  serves  to  confine  a  to  the  end  of  the  stock. 


AUGER 


201 


Fig.  460  shows  a  ground-auger,  invented  by  David  Rin°-     It  r™.Bi«rfa  «f  *„ 
D  andE,  of  steel,  each  furnished  at  theendsofits  strai"  fedo-e  S  cnUeL  R  M™«««1»«K««, 
upwards,  the  other  downwards.    The  cutter  can  1  cutters  R  and  ;,  one  pointing 

through  which  the  confining-screws  ar    passedk  to  S,?«     i  *?  **?*.?*  ^  f  in  lho  dil^ 
the  latter  is  furnished  with  a  S.^?5t^^2  °f  the  .haft; 

Fig.  461  represents  a  hollow  auger,  invented  by  Wychoff 
the  width  of  the  kerf,  and  are  provided  with  tio  or  more 
so  arranged  as  to  cut  in  parallel  but  concentric  planes. 

Another  hollow  auger,  invented  by  J.  McClure 

be  adjusted  to  different  'sizes  of  tenons  by  maSr 
mclmed  8upporting-Pieces  //.    It  is  used  in  combination  with  a  ?5dfo*  Se 

4fiO.  ° 
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Fig.  462  shows  a  tool  for  finishing  augers,  Invented  by  R.  Jennings.  It  consists  of  a  wheel  or 
burr,  having  a  bevelled  surface  a  on  one  side,  and  a  semicircular  edge,  corrugated  to  form  a  Hcrie* 
of  cutters  6,  which  have  a  radial  or  nearly  radial  position,  and  extend  from  the  inner  edge  of  a  to 
the  outer  edge  of  the  same.  These  cutters  are  placed  entirely  around  the  semicircular  periphery 
of  the  wheel,  and  act  in  combination  with  the  concave  surface  c  at  the  opposite  side  of  the  win  •  1. 

Fig.  464  represents  an  auger  invented  by  H.  T.  Love.    This  differs  from  common  mil 
having  the  cutting  floor-lips  semicircloid  in  form  on  their  cutting-edges,  these  edges  forming  an 
obtuse  angle  with  the  axis  of  the  auger. 

The  auger  invented  by  E.  C.  Gillett  consists  of  a  cam-sleeve  C,  Fig.  4C5,  in  combination  with  A 
slotted  shaft  G  and  the  flat,  notched  shank  d  of  an  auger  B.  It  is  so  arranged,  tlmt  the  nlmnk  of 
tho  auger  will  slide  into  the  long  slot  in  the  shaft,  through  the  cam-sleeve,  which  ia  then  turned 
till  it  catches  into  the  notches  in  the  flat  shank  of  the  auger,  and  holds  it  fast  in  tin-  him  It. 

lf<ii-<lening  Steel-cutting  Tools. — Any  substance  which  combine*  di< micully  with  iron  will  impnrt 
hardness  to  it;  but  the  presence  of  carbon  is  required  in  order  to  prodm-i-  tlmt  pmdfelitj, 
softness  after  tempering,  which  we  observe  in  so  high  a  degree  in  t-iol.  (  ulicr  nul>.-t«nrr.«.  \\lii«-h 
have  sufficient  cohesion,  produce  a  similar,  but  weaker,  effect  on  iron  than  cnrU>n:  *wh  are 
sulphur,  or  arsenic,  and  perhaps  others :  but  no  other  substance  is  more  available  and  more  perfectly 
suited  for  this  purpose  than  carbon.  When  the  difference  between  hardened  nnd  tOHfMMn  *te«-l  i« 
caused  by  carbon  or  any  other  substance,  in  chemical  union  in  the  hardened,  and  in  mechanical 
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admixture  in  tenured  stool,  it  is  evident  thnt  tliis  condition  must  bo  dependent  upon  tempe- 
rature or  other  agencies.      (Jermall    steel    manufactured    at    II    high    heat    requires   ll    \\hite    heat,    fur 

hardening,  and  its  carl>on  is  .-.<•  liriuly  united  to  tin-  iron  that  this  kind  of  steel  may  l.o  \\elded  in 
it  with  great  facility.  IJctined  shear  Mei  I.  which  has  been  mueh  healed  and  hammered,  will 
bear,  next  t«>  (icrman  steel,  tho  highest  heat  in  hardening  und  welding.  Ordinary  cast  steel  \\ill 
bear  less  tlmn  shear  steel,  and  is  wrldfd  with  difficulty;  tho  finest  cast  steel  \\ill  In  ar  the  least 
decree  of  it,  and  cannot  bo  welded  to  iron  liy  tho  common  process.  This  shows  that,  a  largo 
quantity  of  foreign  snl>.>tances  cause  the  .steel  to  ho  more  fusible,  and  to  I, ear  l.ss  heat,  in  har- 
dening. The  decree  of  heat  I >\  which  the  chemical  union  of  carbon  und  iron  is  accomplished  is, 
therefore,  not  permanent;  it  \aries  with  the  fusibility  of  tho  metal.  This  wo  observe  a-  \\ell  in 
QO  as  in  'ill  other  metallic  alloys.  The  change  in  the  constitution  of  steel  may  IK;  produced 
nt  very  low  temperatures,  indeed  at  almost  any  temperature.  The  line.st  edge  and  a  high  decree, 
i >f  hardness  are  produced  by  the  mere  hammering  of  steel ;  and,  if  the  above  theory  of  the  consti- 
tution of  hardened  and  tempered  steel  is  correct,  the  mechanical  mixture  of  carbon  and  iron  in 
tempered  .steel  is  converted  into  a  chemical  compound  by  mere  compression.  Wo  recognize,  this 
fact  in  drawing  wire,  sheet  iron,  or  in  hammering  iron,  or  any  other  metal  or  alloy.  In  I 
operations  a  large  quantity  of  heat  is  liberated  by  compression,  which  may  in  ,">me  mea.-m<! 
account  for  the  nieramorpho.-is ;  l>ut  we  find  that  when  the  conipre.-sicn  is  very  rapid,  and  brought 
about  by  great  force,  the  phenomenon  attending  its  application  is  similar  to  that  of  a  strong  heat, 
— the  metal  becomes  extremely  brittle.  The  best  edge,  and  consequently  the  highest  degree  of 
colie.-ion  and  compactness  in  steel,  is  produced  by  striking  a  small  bar  of  tempered  steel  with  a 
small  steel  hammer,  on  a  cold  polished  steel  anvil,  so  as  to  avoid  any  considerable  or  perceptible 
increase  of  heat.  If  this  operation  is  performed  on  a  square  bar  of  steel,  by  means  of  a  hammer  of 
the  smallest  size,  of  one  or  two  ounces  weight,  and  the  corner  of  the  steel  thus  compressed  is 
ground  down  so  as  to  remove  the  surface  which  has  been  touched  by  the  hammer,  we  obtain  an 
which  cannot  be  surpassed  for  fineness  by  any  other  means  of  hardening.  This  shows  that 
hardening  may  be  performed  by  a  variety  of  means,  and  that  heat  is  not  absolutely  necessary. 
Tho  strong  cohesion  of  the  metal  is  the  cause  of  this  phenomenon ;  and  by  whatever  means  we 
produce  the  close  contact  of  the  particles  of  metal  and  carbon,  we  secure  hardness.  These 
reflections  serve  to  explain  the  manipulations  which  are  employed  in  tho  manufacture  of  steel. 

The  common  means  by  which  steel  is  hardened  are  well  known ;  these  form  no  part  of  our 
investigations ;  but  we  may  remark  here  that  it  is  not  so  much  tho  degree  of  heat  to  which  steel 
is  exposed  before  chilling  it,  as  the  difference  of  temperature  between  tho  cooling  medium  and  the 
heat  of  the  metal,  together  with  the  heat-conducting  capacity  of  tho  refrigerator.  Experiments 
have  shown  that  little  is  gained  by  substituting  other  fluids  than  pure  water  for  hardening  steel. 
This  is  an  entirely  practical  operation:  the  temperature  of  water  may  be  in  all  instances  the 
same,  and  fresh  common  spring  water,  or  river  water,  is  as  good  as  any  other  fluid.  But  as  the 
liability  of  steel  to  lose  some  of  its  component  parts  increases  with  tho  heat  to  which  it  is  exposed, 
and  as,  near  its  smelting  point,  it  assumes  the  nature  of  cast  iron,  it  is  found  necessary,  in  order 
to  preserve  its  original  character,  to  perform  the  hardening  operation  at  tho  lowest  possible  heat ; 
for  these  reasons,  water  as  cold  as  possible  is  used;  and  as,  by  plunging  the  hot  metal  into  it,  an 
atmosphere  of  steam  is  formed  around  it,  which  is  a  bad  conductor  of  heat,  either  the  metal  or  tho 
water  ought  to  be  moved,  to  expose  the  hot  metal  to  renewed  action  of  the  cold  particles.  The  appli- 
cation of,  acids  or  salts  for  hardening  is  injurious  to  steel,  however  good  conductors  of  heat  such 
solutions  are.  Some  of  the  fluid  will  always  penetrate  the  metal  and  cause  its  decomposition.  Tho 
use  of  oil  or  fat  for  this  purpose  is,  if  not  equally  prejudicial,  at  least  of  little  benefit.  That  fluids 
penetrate  metals,  and  particularly  iron,  is  shown  in  wire  factories ;  when  iron  wire  is  cleaned,  after 
annealing,  in  diluted  sulphuric  acid,  which  is,  by  neutralization  and  washing,  as  far  removed  as 
practicable,  it  retains  always  some  of  the  acid,  which  causes  the  wire  to  be  brittle  when  fresh. 
An  exposure  «f  the  wire  to  the  atmosphere  for  some  time  removes  the  acid,  and  therefore  tho 
cause  of  brittleness.  Wire  thus  cleaned  by  acids  is  often  permanently  injured  in  its  strength, 
which  does  not  happen  with  wire  which  is  cleaned  by  the  old  method,  with  sand  and  water. 

Annealing  Steel  for  Cutting-tools. — It  has  been  recommended,  and  it  is  also  practicable  in  some 
instances,  to  modify  the  heat  of  the  metal  and  the  cooling  medium  for  hardening,  so  that  the 
contact  of  the  two  produces  the  required  degree  of  hardness.  A  uniform  degree  of  heat  cannot  bo 
applied  to  all  kinds  of  steel ;  and  since  the  mode  and  time  of  heating  is  also  important,  and  the 
fluid  refrigerator  cannot  be  uniform  in  composition  and  temperature,  it  is  easily  understood  that 
this  method  of  hardening  cannot  be  universal.  The  common  mode,  and  perhaps  the  best  one  for 
hardening,  is  to  expose  the  steel  to  such  a  degree  of  heat,  and  so  to  cool  it  in  water,  that  it 
assumes  the  highest  degree  of  hardness,  and  then  temper  by  exposure  to  a  moderate  heat. 

A  variety  of  means  have  been  proposed  for  tempering  hardened  steel,  such  as  melted  fusible 
metals,  lead  and  alloys  of  lead,  heated  fat  or  oil.  When  we  reflect  on  the  nature  of  steel,  we  soon 
find  that  the  various  kinds  require  different  degrees  of  heat,  by  which  they  assume  a  definite 
texture  or  hardness,  and  that  neither  a  certain  degree  of  heat  nor  a  certain  colour  of  its  tempered 
surface  will  indicate  the  actual  condition  of  the  steel.  The  operations  on  steel  are  of  so  delicate 
a  nature  that  they  cannot  be  brought  under  general  rules^they  are  entirely  dependent  on  the  skill 
of  the  practical  man;  no  language  can  impart  that  information  which  is  applicable  in  all  cases. 
The  following  statements  are  for  these  reasons  to  be  considered  as  relatively  true,  and  not  as 
generally  applicable. 

Steel  which  has  been  hardened  to  the  extreme  should  be  exposed  to  a  heat  of  400°  for  chirur- 
gical  instruments,  such  as  lancets — it  assumes  then  a  faint  yellow  colour  on  its  polished  surface ; 
to  425°  for  razors,  which  tempers  it  yellow ;  to  432°  for  penknives,  which  it  also  tempers  yellow ; 
to  468°  for  scissors  and  cold  chisels— the  colour  is  brown-yellow ;  to  490°  for  edge-tools  and 
common  cutlery — colour  purple ;  to  508°  for  table-knives—colour  also  purple ;  to  530°  for  small 
springs  and  weapons ,  to  537°  for  large  springs,  saws,  augers — the  colour  is  blue ;  to  580°  for  large 
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saws,  the  colour  of  which  it  tempers  to  dark  blue ;  beyond  600°  steel  becomes  black,  is  annealed 
and  soft.  Steel  w,hich  requires  a  high  degree  of  heat  for  hardening,  demands  also  more  heat  for 
tempering  than  that  which  hardens  at  a  lower  degree  of  heat  ;  and  steel  exposed  to  a  teniiwrin- 
heat  of  a  certain  degree  for  a  length  of  time,  increases  in  softness,  even  when  the  intensity  of  la-iit 
is  not  increased. 

The  colour  of  steel  in  the  fresh  fracture  is  white,  like  deadened  silver.  When  tempered, 
it  becomes  more  grey ;  and  when  annealed,  it  ia  grey,  but  the  intensity  depends  on  the  kind  of 
steel  or  amount  of  carbon.  In  all  cases,  the  hardened,  as  well  as  the  annealed  steel,  should  nut 
exhibit  to  the  eye,  even  when  aided  by  a  lens,  any  crystallization.  Hardened  steel  shows  a  little 
higher  lustre  than  annealed  steel.  In  making  those  distinctions,  we  should  always  regard  ham- 
mering as  equal  to  hardening  by  heat  and  refrigeration. 

Steel  is  not  very  ductile.  When  cold,  it  will  not  bear  much  alteration  of  form,  and  when 
heated,  it  is,  in  some  kinds,  equal  to  iron.  Cast  steel  will  not  bear  much  bending.  German  steel, 
shear  steel,  and  all  kinds  of  hammered  steel,  are  more  ductile  when  hot  than  those  kinds  which 
have  been  less  subjected  to  compression. 

The  degrees  of  heat  at  which  steel  melts  vary  considerably :  German  steel  requires  the  highest 
heat  for  melting — this  may  be  about  3600° ;  the  best  kinds  of  cast  steel  will  melt  at  considerably 
less,  or  about  2800°. 

Oxygen  has  little  effect  on  hardened  steel ;  still,  white  cast  iron,  with  much  carbon,  is  superior 
to  steel  in  resisting  oxidation.  The  pure  white  colour  of  hardened  steel,  and  its  susceptibility  of 
being  oxidized  when  heated,  cause  the  beautiful  colours  of  tempered  steel.  When  heated  under  a 
cover  of  oil,  these  colours  do  not  appear ;  or,  when  such  coloured  and  heated  steel  is  brought  into 
an  atmosphere  of  hydrogen,  the  colour  also  disappears.  This  shows  that  colour  is  caused  by 
oxidation,  and  that,  in  tempering  steel  under  a  coating  of  oil,  extreme  caution  is  required  to  hit 
the  proper  point  of  heat.  These  colours  proceed  from  a  coating  of  oxide,  which,  in  its  extreme 
thinness,  causes  the  yellow,  and  when  thick,  blue ;  and  finally,  it  becomes  opaque  and  blnek. 
Acids  facilitate  the  formation  of  these  colours  ;  alkalies  delay  or  prevent  them  altogether.  Pure 
iron  requires  a  higher  heat,  to  show  the  same  colour,  than  steel :  the  best  steel,  and  also  white  cast 
iron,  show  the  series  of  colours  at  comparatively  the  lowest  degree  of  heat.  These  testa  may  be 
arranged  in  the  following  order : — 

Very  faint  yellow,  for  lancets         temp,  from  400°  to  430°  Fah. 

Pale  straw  yellow,  for  razors  and  scalpels „          430°  to  450°    „ 

Full  yellow,  for  penknives  and  chisels „          470°  to  480°    „ 

,,          for  cast  iron         470°    „ 

Brown,  for  scissors  and  chisels       temp,  about  490° 

,,       for  wrought  iron          495° 

Red,  for  carpenters' tools  in  general     temp.  510°  to  520° 

Purple,  for  fine  watch-springs  and  table-knives temp,  about  530° 

Bright  blue,  for  swords  and  lock-springs „ 

Full  blue,  for  daggers,  fine  saws,  and  needles temp.  560° 

Dark  blue,  for  common  saws temp,  about  600° 

See  HAND-TOOLS. 

AWL.    FK.,  Alene ;  GEB.,  Ahle,  Pfricme ;  ITAL.,  Lcsina ;  SPAN.,  Lcina. 

An  awl  is  a  pointed  instrument  for  piercing  small  holes,  as  in  leather  or  wood.  The  blade  is 
differently  shaped  and  differently  pointed  for  different  uses,  as  in  the  brad-awl,  saddler's-awl, 
shoemaker's-awl,  and  so  on.  <66 

Fig.  466  shows  the  method  of  fastening  an  awl 
into  the  haft,  invented  by  R.  Egan.  A  metal 
socket-piece  B  forms  the  end  of  the  haft  A,  to 
which  it  is  attached  by  means  of  a  stout  tongue 
screwed  into  the  haft.  This  socket  has  an  internal 
screw,  which  is  formed  to  receive  the  threaded 
shank  of  the  awl  C. 

AXE.     FB.,  Ifache ;  GER.,  Axt ,  ITAL.,  Accetta,  Scure ;  SPAN.,  Ifacha. 

An  axe  is  an  instrument,  usually  of  iron,  with  a  steel  edge  or  blade,  for  hewing  a; 
wood.    See  HAND-TOOLS. 

AXIS.    FK.,  Axe ;  GEB.,  Achs* ;  ITAL.,  Asse. 

The  straight  line,  real  or  imaginary,  passing  through  a  body,  on  which  it  revolves,  or 
supposed  to  revolve,  is  termed  an  axis.    See  MECHANICAL  POWERS. 

AXLE-GREASE.  FB.,  Graisse  cTessieu ;  GEB.,  Lagcrschmiere ;  ITAL.,  Untume;  bPAM.,  u  »*», 
6  gordura  pora  eje. 

See  ANTIFRICTION  METAL.    FRICTION. 

AXLES.    FB.,  Essieu;  GEB.,  Welle;  ITAL.,  Sala;  SPAN.,  Eje. 

An  axle  or  axle-tree  is  a  transverse  bar  or  shaft,  connecting  the  nnres  of  the  opposite  wheels 
a  car  or  carriage.    Railway  axles  are  termed  leading  and  tracirnj,  from  their  jx^ition  in  tin-  troutor 
in  the  rear  of  a  car  or  truck,  respectively.    The  journal-box  of  an  axle  is  called  an  axle-box. 

Thomas  Thorneycroft,  in  a  paper  read  before  the  Institute  of  Mechanical  Engineers.  cnnsKUn 
an  axle  as  having  certain  relations  to  a  girder  in  principle.    Girders  generally  have  tlieir  i 
resting  on  two  points  of  support,  and  the  load  is  either  located  at  fixed  distance's  from  the  P"1^** 
dispersed  over  the  whole  surface :  just  so  with  the  axle ;  it  has  its  points  of  «ui>|x,rt  and  il 
parts:  but  it  is  not  clearly  evident  which  are  the  loaded  parts  anil  which  the  props.     1 
that  the  inclined  surface  of  the  wheel-tire  ranges  from  1  in  12  to  1  in  20,  and,  conseqiM 
the  direct  tendency  of  the  wheels  under  a  load  is  to  descend  that  incline,  no  that  every  rerti 
blow  which  the  wheels  may  receive  is  compounded  of  two  forces,  namely,  the  one  t 
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the  wheels  in  tho  direction  of  tlirir  vertical  piano,  and  the  other  to  move  the  lower  parts  of  tho 
wheels  together:  it  will  IT  MTU  that  these  two  forces  have  a  direct  tendency  to  bend  the  axle 
somewhere  between  tin  wheels;  *lu>iild  that  yielding,  or  bending,  extend  no  farther  than  one-half 
the  elastic  limit,  if  long  continued,  fracture  will  ultimately  take  place;  but  should  tin-  ela-tio. 
limit  be  exceeded,  tho  axlo  take*  a  permanent  bend,  the  wheels  are  then  diverted  from  their 
:il  plane,  an.l,  as  n  matter  of  course,  leave  tho  rails.  To  demonstrate  this,  an  axle  reduced 
in  tho  middle  to  3j  in.  diameter  was  placed  UJN>II  two  props  4  ft.  '.»  in.  apart,  nnd  loaded  in  tho 
middle:  the  iitmo-t  •-'!'  its  defection,  without  a  iHTiiuuient  sot,  was  232  in.,  tho  load  carried  7  toua. 
An  axlo  reduced  to  4  in.  in  tho  middlo  was  then  placed  upon  the  props  4  ft.  9  in.  apart .  its  utmost 
detection,  without  a  permanent  set,  was  281  in.,  tho  load  carried  9  tons.  Another  axlo,  l.ut 
parallel,  4^  in.  diameter,  was  next  placed  upon  the  props  4ft.  Din.  apart,  its  utmost  deflection, 
without  a  |K>rmanent  set,  was  31IS  in.,  the  load  carried  14  tons.  Hence,  by  reducing  an  axle  of 
4A  in.  diameter  in  the  middle  to  3j  in.,  its  limit  of  elasticity  is  reduced  from  343  in.  to  '232  in., 
and  the  load  required  to  produce  that  elasticity  is  from  14  to  7  tons.  Fig.  4G7  shows  the  position 
of  the  wheels  to  the  rails  when  tho  bending  of  tho  axlo  has  exceeded  its  elastic  limit. 


467. 


470. 


PI 


471. 


\T 


468. 


Z3°  IB 


J 

- 

! 

<>  1 

\ 

1 

/               ^ 

ty 

To  ascertain  what  influence  the  redaction  of  an  axle  in  the  middle  would  have  on  its  strength 
to  resist  sudden  impact,  compared  to  an  unreduced  one,  an  axle  was  made  as  represented  by  Fig. 
468,  which  shows  the  end  A  parallel  to  the  centre  4J  in.  diameter,  and  the  end  B  drawn  down 
from  the  back  of  the  wheel  towards  the  centre,  where  it  is  4  in.  diameter.  The  end  A  was  sub- 
jected to  impact— the  relative  position  of  prop  and  ram  was  the  back  of  the  wheel  and  the  neck  of 
the  journal ;  this  end  received  forty-six  blows  of  the  ram,  and  bent  to  an  angle  of  18°.  The  end  B 
was  then  subjected  to  impact — the  prop  and  ram  in  the  same  relative  position,  when  it  bent  back  to 
an  angle  of  23°  with  only  sixteen  blows  of  the  ram,  as  shown  by  the  dotted  lines  in  Fig.  468.  To 
ascertain  what  influence  a  shoulder  behind  the  wheel  would  have  on  the  strength  of  the  axle  at 
that  part  compared  to  one  without  a  shoulder,  an  axle  was  cut  in  two,  Figs.  470,  471,  the  end  E 
turned  from  the  neck  of  the  journal,  leaving  a  shoulder  |th  in.  deep  as  a  stop  tc  the  wheel ;  and 
the  end  F  turned  from  the  neck  of  the  journal  to  the  same  diameter,  but  no  shoulder  left.  The 
end  E  was  subjected  to  hydraulic  pressure,  the  load  being  in  a  direct  line  with  the  shoulder,  when 
it  broke  in  two  with  a  load  of  60  tons.  The  end  F  was  subjected  in  the  same  way  to  hydraulic 
pressure,  when  it  bent  into  the  form  shown  by  the  dotted  lines  with  84  tons.  To  ascertain  what 
influence  the  position  of  the  wheel  in  relation  to  the  neck  of  the  journal  would  have  on  the 
strength  of  the  latter  under  impact,  a  piece  of  an  axle,  Fig.  469,  was  prepared,  with  a  journal 
taken  down  at  each  end,  the  end  G  keyed  into  a  cast-iron  frame,  and  the  face  of  the  frame  in  a 
line  with  the  neck  of  the  journal ;  the  journal  was  then  subjected  to  the  impact  of  a  ram  falling 
10  ft.,  when  it  broke  off  at  the  seventh  blow.  The  end  H  was  keyed  into  the  cast-iron  frame  in 
the  same  way,  but  with  the  neck  of  the  journal  projecting  1 J  in.  from  the  face  of  the  frame ;  the 
journal  was  then  subjected  to  the  impact  of  the  same  ram  falling  10  ft.,  when  it  broke  at  the 
twenty-fourth  blow. 

From  these  experiments,  and  from  the  acknowledged  deteriorating  influence  of  vibration  or 
bending  on  iron,  especially  when  continued  any  great  length  of  time,  it  is  Thorneycroft's  opinion 
that  neither  shafts  nor  railway-axles  ought  to  be  reduced  in  the  middle,  but  rather,  if  there  is  to 
be  a  departure  from  the  parallel  form,  they  should  be  made  thickest  in  the  middle,  and  thus 
effectually  prevent  any  vibration  or  bending  whatever. 

In  the  discussion  which  followed  upon  Thorneycroft's  paper,  E.  A.  Cowper  said  that  Thorney- 
croft's conclusions  were  arrived  at  by  experiment,  unaided  by  theory.  If  A  B,  Fig.  472,  is  taken 
as  the  axis  of  a  railway-axle,  A  and  B  as  the  centres  of  the  journals,  and  C  as  the  centre  of  one 
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wheel,  we  should  have  the  case  of  a  girder  weighted  at  A  and  B,  and  supported  at  C  •  the  nroix>r- 
tiouate  strength  ought,  therefore,  to  be  as  a  triangle  A  C  D,  and  a  triangle  BOD  Now  if  we  mit 
two  of  these  triangles  together,  as  at  E  E,  we  shall  at  once  arrive  at  the  result  that  the  strength 
of  the  axle  should  be  uniform  between  the  wheels,  and  consequently  parallel  and  from  the  wheeh 
to  the  journals  the  strength  should  be  as  a  triangle  ;  and  if  we  had  merely  to  do  with  a  strain  due 
to  the  weight  on  the  journals  of  the  axle,  these  proportionate  strengths  would  be  strictly  correct 
But  we  have  to  provide  against  the  lateral  strains,  from  the  flanges  of  the  wheels  suddenly  striking 
the  switches  and  crossings  in  passing  through  them ;  and  this  is  BO  much  greater  than  the  mere 
weight  on  the  axle,  that  it  must  be  considered  chiefly  in  determining  the  form  of  an  axle  •  if 
therefore,  the  Fig.  A  CB  D  were  reversed  on  itself,  the  outline  thus  given  would  represent  'the 
proportionate  strength  of  an  axle,  as  at  FF,  which  is  fully  in  accordance  with  the  usual  t: 
form  of  axles.  The  actual  diameters  can  be  easily  arrived  iit,  by  taking  the  culw  r<*.t  <>f  the  width. 
J.  Kamsbottom,  in  the  same  discussion,  considered  that  whether  in  the  case  of  axles  or 
machinery  of  any  kind,  there  must  be  an  error  in  the  proportions  if  any  one  could  say  beforehand 
at  what  point  a  fracture  was  likely  to  occur.  He  could  only  conceive  one  instance  in  railway 
practice  where  axles  should  be  parallel,  and  that  was  in  the  case  where  the  forces  were  applied  in 
a  line  directly  parallel  to  the  axle;  as  at  A  A,  Fig.  473.  If  a  pair  of  wheels  are  running,  for 


473. 


47*. 


instance,  between  rails  converging  to  a  point,  the  axle  should  be  parallel,  since  the  effect  of  the 
leverage  is  the  same  at  all  points  B  B  between  the  wheels.  But  there  is  another  and  more 
important  force  resulting  from  a  lateral  blow  upon  one  wheel  only,  coupled  with  the  load  of  the 
vehicle  on  the  axle,  the  direction  of  which  will  be  tolerably  well  indicated  by  a  line  C  D,  Fig.  474, 
drawn  from  the  circumference  of  the  wheel  on  one  side  to  the  centre  of  the  journal  on  the  other 
side ;  and  if  the  line  F  F  is  drawn  perpendicular  to  this,  from  the  axle  close  to  the  wheel,  it  will 
represent  the  greatest  effective  leverage,  tending  to  break  or  strain  the  axle  at  that  point ;  and  the 
etrain  upon  any  other  point  of  the  axle  may  be  found  by  drawing  lines  G  G  parallel  to  this ;  in 
fact,  the  cube  roots  of  these  lines  will  give  the  diameter  of  the  axle  at  the  points  where  they  fall. 

To  obtain  the  advantage  of  the  shoulder 
at  the  inner  side  of  the  boss  without  weaken- 
ing the  axle,  A.  Slate  has  suggested  the 
introduction  of  a  small  shoulder  inside  the 
boss  of  the  wheel  near  the  outer  side,  see  A, 
Fig.  475.  The  wheel  has  to  be  bored  out  a 
tight  fit,  and  forced  on  to  the  axle  by  a 
hydraulic  press,  but  tho  first,  1  .J  in.  from  the 
inner  side,  must  be  slightly  coned,  as  shown 
at  B,  so  as  to  remove  the  grip  on  the  axle 
from  the  extreme  edge  of  the  boss,  and 
prevent  the  tendency  of  the  axle  to  break  at 
that  point. 

Fig.  476  is  a  longitudinal  section,  and  Fig.   477  a  transverse  section,  of  the  axle-bo: 
employed  on  the  North-Kent  line.    The  top  of  the  box  is  circular,  for  a  peculiar  arrangement 
springs ;  the  box  is  cast  open-fronted,  with  a  movable  front  A  to  attach  by  screws,  a  grease-tight 
joint  being  maintained  by  an  elastic  substance  betweeu.     From  this  arrangement  the  interior 
of  the  box  can  be  inspected,  and  a  new  brass  applied,  without  lifting  tho  carriage.     The  back  01 
the  box  round  tho  axle  is  cast  with  a  round-edged  projecting  lip  B  B.    A  plate  of  metal  C  0, 
with  centre  hole  fitting  the  axle,  is  secured  by  bolts  to  the  back  of  tho  box,  with  a  piece  of  It 
D  D,  the  orifice  of  which  is  enlarged  into  a  partial  pipe-form  round  tho  axle,  to  give  incrcned 
buaring-surfuce.     This  leather  presses  equally  on  tho  axle  and  on  the  lip  of  the  box,  and  thus  a 
tight  joint  is  maintained,  which  preserves  the  grease  without  overflowing  above  the  level  of  the 
bottom  of  the  axle.     The  bolt-holes  in  the  metal  plate  are  vertical  and  oblong,  BO  that  when  th 
upper  bearing-brass  wears,  and  causes  a  corresponding  wc.ir  in  tin;  plate  mid  leather,  and  conae 
quent  leak  below,  the  two  latler  may  be  drawn  upwards  to  fit  tho  lower  part  of  tin-  axle.    At  the 
top  of  the  box  there  is  a  screw-tap  E,  for  feeding,  with  holes  through  it  to  admit  tho  ingnw  » 
ogress  of  air.     This  tap  serves. to  feed  an  upper  chamber  F,  with  holes  to  tho  axle  as  MM  :  tin 
tap  also  feeds  the  lower  chamber  G,  which,  in  addition,  catches  tho  grta>e  that  falls  through  D 
the  upper  chamber  by  the  working  of  the  axle.    A  piece  of  hard  wood  H  is  applied  bctww 
end  of  the  axle  and  the  front  of  the  box,  to  prevent  wear  of  the  shoulder-collar  of  the  1  - 

brass.     Two  collars  of  light  wood  I,  I,  float  on  the  oil  or  grease  in  contact  with  tho  I 
the  axle,  and  thus  carry  up  the  lubricating  material,  if  it  happens  to  be  below  tl  •     •   ', 

axle.    Figs.  478,  479  are  a  longitudinal  section  and  back  view,  Hhowing  an  upper  and 
of  nn  axle  and  axle-box.    To  retain  the  oil  or  prcaso,  a  conical  m«  tal  Hprmg  ( 
corresponding  circular  groove  at  the  back  of  tho  box ;  by  its  elastic  expansion  it  pro 
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a  strip  of  leather  lining  the  groove,  and  thus  forms  a  tight  joint.  The  small  end  of  the  conical 
spring  clips  a  leather  |>ij>e-collar  D  D,  fitted  on  the  axle,  which  collar  may  either  re\.>lve  with  the 
axle  in  the  small  end  of  the  spring,  or  it  may  bo  fixed  to  tho  spring,  and  the  axle  revolve  within 

470.  477 


the  leather  collar ;  as  the  spring  expands  against  the  groove  in  the  box,  it  has  no  tendency  to  press 
the  axle  or  leather  too  tightly,  so  as  to  cause  much  friction.    The  conical  spring  is  prevented  from 

478.  479. 


turning,  by  a  stud ;  the  edges  of  the  spring  overlap  each  other,  to  keep  out  dirt,  and  the  hollow 
space  between  the  spring  and  the  axle  may  be  filled  with  sponge  or  cotton-waste.    Figs.  480,  481, 


mm 

show  a  longitudinal  section  and  back  view  of  an  axle-box  on  a  similar  arrangement,  in  which  a 
conical  pipe  of  blocked  leather  C  C,  is  secured  to  the  box-lip  by  an  elastic  ring  D  D,  similar  to  a 
key-ring,  and  clipped  to  the  axle  by  a  second  ring  E  E.  Both  the  spring  cone  and  leather  cone 
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will,  by  their  free  action,  accommodate  any  irregular  movement  of  the  box,  and 
between  the  metal  plate  and  leather.    In  all  cases  where  any  material  comes  lwk 
revolving  axle,  it  is  essential  that  the  surface  be  properly  smoothed,  that  the  pressure  be  as  li '  ht 
as  may  be  convenient,  and  the  lubrication  certain.    Fig.  480,  in  addition  to  the  axle-box  arran! 
merit,  shows  a  mode  of  applying  movable  journals  to  ax4e-arms,  either  new  or  old     Thi 
journals  A  A  may  be  forged  down  to  a  taper,  with  the  object  of  extending  the  distance  of 
bearing  from  the  wheel  or  of  increasing  the  diameter  of  the  axle-bearing.    The  movable  bearing 
13  B  may  be  of  wrought  iron  or  of  cast  iron,  well  got  up  and  case-hardened;  and  manufacturer! 
might  be  enabled  to  supply  cheaply  a  superior  class  of  axle-boxes  and  axle-bearin-T  Thi 
arxangeinent  could  be  well  adapted  to  the  hollow  axle  shown  in  Figs.  482,  483,  and  it  also  enable! 
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constructors,  at  comparatively  small  cost,  to  replace  axles,  when  rendered  unsafe  by  long  running 
and  much  vibrating. 

It  should  be  remarked  that  it  is  desirable  in  all  cases  to  get  the  axle-bearings  as  long  as  is  con- 
venient, even  when  not  required  for  bearing-surface,  for  the  following  reasons : — The  points  of  tho 
springs  which  support  the  frames  are  at  a  considerable  elevation  above  the  axle-bearing,  and  act 
-with  mischievous  leverage  to  tilt  the  axle-boxes  laterally  to  the  carriage,  when  the  wheel-flanges 
strike  the  rail.  It  is  evident  that  unless  there  be  some  proportion  in  the  length  of  bearing  to  the 
height  of  the  spring,  there  will  be  a  great  strain  upon  the  guards  of  the  axle-boxes  to  keep  them 
steady. 

The  axle-box  described  above  ija  the  first  application  of  the  principle  of  retaining  the  grease  or 
oil,  by  closing  in  the  back  of  the  box. 

Many  similar  contrivances  have  since  been  brought  out  by  various  other  persons  for  the  pur- 
pose of  retaining  the  grease  in  the  axle-boxes,  but  it  appears  that  tho  original  application  of 
tho  principle  was  due  to  W.  B.  Adams,  in  May,  1847.  (See  '  Proceedings  of  the  Institution  of 
Mechanical  Engineers,'  April  27,  1853.)  There  does  not  appear  to  be  very  material  variation  in 
any  of  the  subsequent  plans. 

As  to  the  practical  mechanism  for  keeping  out  dirt  and  preserving  the  bath  of  grease,  it  must 
vary  with  circumstances.  Many  axle-boxes  are  so  close  to  the  wheel-bosses,  that  tho  leather  pipe- 
collar  ia  the  only  practical  arrangement;  and  having  come  into  general  use,  it  is  difficult  to 
change  it ;  but  W.  B.  Adams  prefers  the  elastic  metal  collars,  C  C,  shown  in  Figs.  478  and  482, 
pressing  upon  leather  pipe-collars  D  D. 

The  object  sought  is  to  form  a  tight  joint  between  the  box  and  the  axle,  which  are  both 
exposed  to  rough  jolts  and  a  tilting  movement  of  the  box  on  the  axle ;  therefore  the  medium  to 
from  the  joint  should  be  flexible,  and  not  liable  to  be  put  out  of  order. 

The  mode  of  lubrication  from  above  the  bearing  has  one  objection,  in  the  liability  to  ncri-l< -nt 
by  dirt  getting  on  the  arm,  and  from  the  holes  wasting  a  most  iiujKirtant  part  of  tho  bearuig- 
Burface;  but  W.  B.  Adams  thinks  it  preferable  to  retain  this  arrangement,  keeping  tho  holes 
small,  as  it  renders  a  security  in  case  of  any  accident  happening  to  the  lower  reservoir. 

Two  forms  of  journal  are  shown  in  the  diagrams ;  one  the  double  cone,  Figs.  480  and  482 ;  tho 
other  the  ordinary  cylindrical  journal  with  collars,  Figs.  476  and  478.  There  ia  an  advantage  in 
the  double  cone  with  the  small  diameter  in  "the  centre  of  the  bearing,  that  it  has  a  tendency  to 
cause  the  lubricating  fluid  to  press  outwards  from  tho  centre  while  iu  rapid  motion.  Tim  pylin- 
drical  bearing  between  collars  has  also  this  disadvantage,  that  the  box  ia  not  kept  in  its  |xwiti<>n 
by  gravity,  but  by  a  very  small  collar-surface,  which,  being  vertical,  does  not  retain  the  lubricating 
fluid  so  easily  as  the  horizontal  surface;  and,  moreover,  by  its  larger  diameter  has  a  tendency  t<> 
throw  it  off  by  centrifugal  action.  Where  the  boxes  fit  tightly  to  the  guards,  the  collar-bearing* 
are  frequently  subject  to  rapid  wear ;  and  lateral  thrust  is  more  destructive  than  tho  downward 
pressure  of  the  load.  The  small  rounded  corners  next  the  collars,  intended  to  prevent  tho  "  nicking  " 
or  breaking  of  the  axle,  are  of  little  service  to  give  the  box  a  centripetal  tendency.  Tho  cylindrical 
bearing  has  the  advantage,  that  the  bearing-surface  is  not  lessened  by  end  play:  and  with  tho 
axle  working  in  a  bath  of  lubricating  material,  the  collars  will  at  all  times  DO  safo.  In  cither 
case,  of  the  cone  or  the  cylinder,  it  is  clear  that  the  lubricating  bnth  below  will  l>e  the  safest 
precaution  against  heating.  As  regards  the  strength  of  the  axle,  the  coned  journal  has  the 
advantage  by  its  gradual  tapering  form,  supposing  an  equal  amount  of  metal  in  both  cases.  The 
fitting  of  the  bearing-brass  to  the  journal  is  a  matter  of  greater  nicety  with  the  cone  than  with 
the  cylinder.  With  cylindrical  journals  the  usual  practice  ia,  to  make  the  bearing-bnu*  of  con- 
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larger  radius  than  tho  journnl.  so  tlmt  it  bears  on  a  very  small  surface,  which  wears  to  a 
ii.  and  gradually  rxti-iul.-*  to  tin-  half  diameter.     In  jMiint  of  fact,  railway  bearings  are  m^di- 
ml  themselves  to  <»  trtif  lit  or  work,  instead  of  being  accurately  ground  aud  fitted  beforehand, 
ma  is  the  cane  with  ni<vr  machinery. 

In  tho  axle-box.  Fig.  48-L,  tho  lid  vibrates  on  a  hinge,  and  Is  secured  above  by  a  disc  on  the 
axis  of  tlio  handle,  rugging  a  rcoess  on  the  upper  edge  of  the  box.  The  floor  of  the  oil-chamber 
ia  inclined  upward.-* nnd  mtwards, aud  Lasa  loose 
perforated  fnuuo  to  hold  the  packing.  In  this 
arrangement  of  J.  Montgomery,  shown  in  the 
figure,  the  lid  A  of  tin-  journal-box  C,  is  hinged 
below  ami  secured  by  a  handle  13  and  jamming- 
cam  6 ;  ( "  i."  t  IK-  loose  or  limbed,  rack  frame,  placed 
inside  tho  axle-box  (!. 

W.  (i.  Craig,  of  Manchester,  in  a  paper  pub- 
lished in  tho  'Proceedings  of  tho  institution  of 
Mechanical  Engineers.'  observes  that  in  axle- 
boxes  the  principal  dafeet  is  iu  tho  seats  for  the 
gun-metal  bearings.  These  are  arranged  in  vari- 
ous ways,  but  all  involving  expensive  fitting  of 
1ho  bearings  into  their  places  to  secure  them 
from  getting  loose,  notwithstanding  which  they 
frequently  turn  on  one  side,  as  represented  at  A,  in  Fig.  485,  and  are  also  liable  to  drop  out  of 
their  places  entirely  and  remain  in  tho  bottom  of  tho  axle-box,  causing  the  journal  to  come  in 
contact  with  the  cast-iron  box,  which  is  soon  destroyed,  as  in  the  example  shown  in  Fig.  4SG, 


which  ia  one  out  of  a  large  number  of  similar  cases.  In  many  instances  the  journals  are  com- 
pletely twisted  off.  These  occurrences  necessarily  cause  great  delays  to  trains,  and  require  the 
carriage  or  wagon  to  be  sent  into  the  workshops  for  repair.  In  order  to  prevent  the  brasses  from 
coming  out  of  their  places,  they  are  cast  with  deep  sides,  and  not  unfrequently  riveted  to  the 
axle-boxes;  but  the  consequence  of  this  is,  that  when  the  brass  warms,  its  sides  grip  the  journal, 
and  soon  cause  the  bearing  to  heat. 

Another  defect  in  axle-boxes  is  in  the  mode  of  lubricating,  which  tends  to  create  the  evil  of 
hot  journals  before  the  remedy  can  act.  This  arises  from  the  thickness  of  the  metal  that  forms 
the  seat  of  the  bearing  and  bottom  of  the  grease-chamber,  which  in  many  cases  amounts,  together 
with  the  bearing,  to  two  inches  thickness  above  the  journal,  and  must  be  heated  through  by 
friction  before  the  grease  can  be  brought  down  to  lubricate  the  bearing.  In  numerous  instances, 
from  the  metal  becoming  overheated,  the  grease  is  rendered  fluid,  and  runs  out  and  is  wa.sted. 

Another  disadvantage  is  that,  from  the  carelessness  of  workmen,  the  holes  for  the  passage  of 
the  grease  through  the  axle-box  and  bearing  are  often  not  made  to  correspond,  and  the  flow  of 
grease  to  the  journal  is  consequently  obstructed.  It  is  also  difficult  to  clean  out  such  holes  when 
required,  to  do  which  properly  involves  a  considerable  loss  of  time,  and  the  evil  arising  from  not 
frequently  picking  them  out  is  a  total  stoppage  of  the  lubricating  material,  causing  cut  journals. 

Another  difficulty  is  that  of  getting  the  grease  to  the  back  of  the  grease-chamber  to  lubricate 
the  inner  collar.  This  is  now  done  by  the  greaser  pressing  back  the  grease  with  his  knife,  when 
time  admits,  and  is  generally  only  imperfectly  accomplished  whilst  the  carriages  are  temporarily 
stopped  at  a  station. 
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Further,  the  mimber  of  parts  belonging  to  the  axle-boxes  now  in  general  use,  bolta,  nuts, 
leather  packing,  and  so  on,  all  involve  expensive  fitting,  and  are  subject  to  frequent  dis- 
placement. 

In  the  axle-box  grease-covers,  again,  there  is  a  constant  rattling  noise  with  all  iron  covers  that 
are  without  springs,  and  they  often  require  repair  from  being  made  slight,  and  the  hinges  being 
strained ;  and  with  the  sliding  arrangement,  the  covers  get  lost  in  transit,  and  grit  and  other 
foreign  matter  then  mix  with  the  grease,  and  produce  hot  axles,  either  by  stopping  up  the 
lubricating  holes,  or  by  coming  in  contact  with  the  journal.  An  objection  also  to  iron  c<>vri>  i.«, 
that  during  the  summer  months  they  quickly  conduct  the  sun's  heat  to  the  grease  and  cuu»e  it  to 
run  to  waste. 

In  the  spring  fittings,  W.  G.  Craig  states  that  all  arrangements  are  defective  where  bolts, 
nuts,  or  screwed  spring-clips  are  used  for  fixing  the  spring  to  the  axle-box,  as  these  are  not  found 
sufficient  to  retain  the  spring  in  position  in  ordinary  concussions,  entailing  the  frequent  loss  of 
bolts  and  nuts,  and  at  times  of  the  whole  spring.  It  is  also  objectionable  for  the  ends  of  the 
spring  to  bear  against  fixed  shoes  fastened  to  the  sole-bars,  since  the  spring,  on  elongating,  causes 
the  ends  to  rub  hard  upon  the  shoe,  which  wears  a  recess  in  it,  and  also  wears  the  top  plate  of  the 
spring ;  the  result  is  that  a  shoulder  is  formed  upon  the  shoe,  and  in  many  instances  the  spring 
cuts  the  body  of  the  shoe  entirely  away  and  bears  upon  the  wood,  as  represented  at  B  11,  Fig. 
485,  which  is  an  exact  copy  of  one  of  the  many  so  found  on  the  Manchester,  Sheffield,  and  Lin- 
colnshire Railway,  in  all  such  cases  the  spring  is  prevented  from  acting  beyond  the  limit  of  the 
shoulder  formed  on  the  shoe.  Amongst  the  methods  adopted  to  remedy  this  defect,  the  spring 
ends  have  been  softened  and  bent  downwards  to  fit  the  shoe,  and  the  top  plate  of  the  spring  has 
been  thickened  to  allow  for  wear ;  the  former  plan  has  been  abandoned  as  inefficient,  aud  tho 
hitter,  which  is  now  generally  in  use,  is  subject  to  the  objection  before  named. 

The  failures  of  the  axle-boxes,  bearings,  grease-covers,  and  spring  fittings  described  above, 
involve  a  serious  item  in  the  working  expenses ;  and  from  his  experience  of  the  causes  producing 
those  failures,  W.  G.  Craig  was  led  to  adopt  the  construction  ol  axle-box  aud  spring  fittings,  which 
we  shall  now  describe. 

The  improved  axle-box  is  cast  in  one  piece  to  avoid  all  expensive  fitting  of  leather  parking, 
bolts,  nuts,  and  so  on ;  the  mode  of  lubricating  through  the  axle-box  seat  oy  means  of  holes  is 
dispensed  with,  and  the  lubrication  is  effected  direct  through  the  gun-metal  bearing.  All 
expensive  fitting  of  the  bearing  is  avoided  by  casting  an  oblong  hole  in  the  axle-box  seat,  to 
receive  a  projection  C,  Figs.  487  and  488,  cast  upon  the  top  of  the  bearing;  these  can  then  be  put 
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together  as  they  come  from  the  foundry,  a  slight  looseness  being  of  little  consequence,  since  the 
projecting  piece  completely  prevents  the  possibility  of  the  bearing  turning  on  one  side,  an  at  A, 
Fig.  485.  This  axle-box  is  also  much  lighter  than  the  ordinary  construction,  and  all  bolU  and 
nuts  are  dispensed  with,  excepting  the  two  bolts  that  fasten  tho  under-kcrp. 

The  projection  cast  on  the  top  of  the  bearing  is  made  hollow,  and,  passing  through  tho  OMOBg 
hole  in  the  seat  of  the  axle-box  into  the  grease-chamber  above,  supports  cither  tho  cap  of  the 
axle-box,  as  in  Fig.  487,  or  the  under-side  of  the  spring  itself,  as  in  Fig.  488.  By  this  means  is 
ensured  not  only  the  impossibility  of  the  brass  turning,  but  also  the  perfect  lubrication  of  the 
journal  through  the  large  aperture  in  the  projection,  which  brings  the  grease  in  direct  communi- 
cation with  it,  so  that  a  very  small  increase  of  temperature  is  sufficient  to  cause  its  perfect  lubri- 
cation. In  this  case  the  cast  iron  of  the  axle-box  is  never  required  to  got  hot  in  order  to  soften 
the  grease,  that  being  one  of  the  chief  causes  of  hot  journals.  A  further  advantage  obtain 
by  the  projecting  piece  on  the  top  of  the  bearing  is,  that  the  brass  may  be  made  of  a  shallow  form, 
BO  that  it  will  never  require  its  sides  to  be  reduced  to  prevent  them  from  Hipping  tho  journal. 

In  the  grease-covers,  W.  G.  Craig  has  adopted  two  plans  to  suit  diilorcnt  forms  of  springs.    In 


grease-chamber,  and  is  fitted  with  a  wooden  plug  or  plunger  E,  secured  by  a  chain  to  the  wagon, 
in  place  of  the  ordinary  iron  cover  or  slide;  the  grease  being  thus  introduced  above  tl 
the  grease-chamber  ensures  the  perfect  lubrication  of  the  whole  bearing,  being  force 
pressure  of  the  plunger  into  the  recesses  at  the  back  of  tho  brass. 


Biuiiuiein  size  lu  project   uvur    1010  »AJC-UV^    «"f  «»•»»»«••  y  —••  — - '»T   ~f~Ij 

plate  to  admit  the  grease,  and  two  other  openings  to  receive  the  ends  of  tho  spring-clip  I • ,  to 

the  plate  in  secured  by  a  cotter.    On  the  top  of  the  plate  is  fixed  a  piece  of  wood,  aboi  u*. 
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on  which  la  screwed  fin  oblong  casting,  similar  to  the  oblong  recess  in  Fig.  487,  having  a  wooden 
plug  E  to  fit  the  opening  :  the  advantage-  of  tliis  arrangement  in,  that  this  jxirtion  of  tho  grease- 
cover  can  be  replaced  when  broken,  without  having  occasion  to  lift  tin-  \\:i.u'"ii. 

The  improved  ppring-fixing  consists  «>f  ft  simple  and  cheap  contrivance  in  combination  with  tho 
axle-box;  a  piece  of  ir."ii  F,  A  in.  thick,  tuul  the  same  width  as  the  ^prin;:.  is  simply  bent  over  the 
upring  to  form  a  clip.  Fig.  4SI»,  allowing  tin-  ends  t<>  project  to  form  cotter-holes,  and  to  fit  into  tho 
cover  of  the  grease-chamber.  Two  cotters  fasten  the  dip  tightly  to  tho  spring,  and  are  cut  so  as  to 
correspond  with  tho  length  of  tho  grease-chamber,  by  which  means  they  are  prevented  from  getting 
loose.  The  cotters  form  the  two  sides  of  an  oblong  recess  on  the  under-side  of  tin-  c.,\er,  and 
receive  between  them  tho  projecting  hollow  piece  C  on  the  top  of  tho  brass,  as  in  Fi.u.  iss.  A 
piece  of  wood  or  india-rubber  is  inserted  between  tho  under-side  of  tho  spring  and  the  top  of  tho 
projection  C,  to  form  a  cushion  for  the  njirinu'. 

A  modification  of  the  improved  spring-fixing,  for  application  to  existing  stock,  is  made  by  fixing 
two  pieces  of  iron,  about  2  in.  wide,  and  tho  length  of  the  width  of  the  spring,  and  about  |ths  in. 
thick,  by  means  of  the  bolt  through  the  centre  of  tho  spring ;  on  each  side  of  these  nieces  is  fixed 
a  welded  hoop  of  iron,  1  in.  by  J  in.,  as  a  support  for  the  centre  of  tho  spring,  in  audition  to  tho 
ordinary  small  rivet  passing  through  tho  spring,  and  a  corresponding  recess  is  made  on  the  cast- 
iron  cover  of  the  grease-chamber. 

The  fittings  at  the  ends  of  the  springs  are  improved  by  making  tho  shoes  G  G,  Figs.  490  and 
491,  to  slide  on  a  metal  bed  H,  about  }  in.  thick,  and  of  sufficient  length  to  allow  of  the  play  of 
the  spring  with  the  slidlng-shoea  attached. 
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The  plate  H  is  fixed  on  the  under-side  of  the  sole-bar,  materially  strengthening  the  wagon, 
»nd  the  sliding-shoes  have  grooved  sides  to  secure  them  to  the  plate.  The  spring  is  connected  to 
the  shoe  by  a  bolt  passing  through  the  side  cheeks  of  the  shoe  and  the  spring-eye,  the  object  being 
to  retain  the  spring  attached  to  the  wagon,  when  the  journals  require  examination,  thus  saving 
considerable  expense  and  time  in  lifting. 

The  sliding-shoe  maintains  the  perfect  action  of  the  springs,  and  their  working  is,  in  con- 
sequence, so  easy,  as  to  be  almost  equal  to  that  of  a  first-class  carriage  fitted  with  scroll-irons,  if 
the  same  length  of  spring  is  used  in  each. 

AXLE-BOX.  FB.,  Boite  a  graisse ;  GEB.,  Schmierbiichse ;  ITAL.,  Serbatoio  detfuntume ;  SPAN., 
Caja  dell  eje. 

An  axle-box  is  the  journal-box  of  an  axle,  especially  a  railway  axle.    See  AXLES. 

AXLE-TREE.    FB.,  Tourillon;  GEB.,  Wagenachse,  ITAL.,  Sola;  SPAN.,  Kjc. 

An  axle-tree  is  a  fixed  transverse  bar  of  wood  or  iron  supporting  a  carriage,  on  the  rounded 
ends  of -which  the  opposite  wheels  revolve.  See  AXLES. 

BABBIT'S  METAL.    FB.,  Metal  de  Babbit;  GEB.,  Babbies  Metall;  ITAL.,  Lega  Babbitt. 

See  ALLOYS. 

BACK.    FB.,  Arriere ;  GEB.,  Rucken ;  ITAL.,  II  dietro ;  SPAN.,  Atras. 

Back. — Of  a  hand-rail  or  rafter,  the  upper  part.  Of  a  stone,  the  part  opposite  to  the  face. 
When  the  stone  is  used  as  a  facing  to  a  brick  wall,  it  is  squared  at  the  bock ;  but  if  the  wall  is 
built  of  rubble  work  the  back  of  the  stone  is  left  rough,  as  it  comes  from  the  qnarry. 

Back,  in  Brewing. — See  SPABGEB. 

Back-flap. — A  leaf  hinged  to  a  window-shutter,  in  order  that  the  shutter  may  fold  back  to 
enable  it  to  fit  into  the  side-boxings.  Back-flaps,  in  the  best  work,  are  framed  in  panels,  but  in 
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inferior  work  they  are  formed  of  one  piece ;  in  either  case  they  arc  made  of  less  thickness  than  tho 
shutter,  Tisually  an  inch  when  the  latter  is  from  1J  to  1J  in. 

Back-day  is  a  term  applied  to  a  day,  the  wages  of  which  are  usually  kept  in  arrcar  If  the 
workmen  are  paid  on  Saturday,  their  wages  are  made  up  to  the  previous  evening  When  a  work- 
man  quits  his  employment,  he  is  said  to  take  his  "  back-day,"  that  is,  to  require  his  account  to  bo 
closed. 

Back-hearth.— The  part  under  the  grate,  of  a  stone  or  an  iron  hearth  to  a 
fireplace. 

Back-joint.— That  part  of  the  back  of  a  stone  step,  dressed  to  fit  into  the 
rebate  of  the  upper  step,  as  a  a,  Fig.  492.  When  there  is  no  rebate,  the  part 
of  the  under-side  of  the  step,  dressed  to  fit  over  the  edge  of  the  lower  step  ia 
called  the  back-joint.  It  is  usually  from  1  to  2  in.  wide. 

The  term  is  also  applied  to  the  part  of  the  back-edge  of  a  landing  or  step  against  which  a  wood 
or  paved  floor  abuts,  and  which  is  dressed  to  make  a  close  joint. 

Back-lining  of  a  Boxing.— The  piece  of  framing  which  forms  the  back  part  of  the  boxing.  It 
should  be  tongued  to  the  architrave  grounds  at  one  edge,  and  to  the  inside  lining  of  the  sash-frame 
at  the  other. 

Back-lining  of  a  Sash-frame. — The  part  of  a  cased  sash-frame 
next  the  wall,  opposite  the  pulley-stile. 

Back  of  a  Window. — The  part  between  the  sill  of  the  sash- 
frame  and  the  floor.  When  this  part  is  recessed  into  the  wall, 
the  sides  are  called  elbows.  See  Fig.  493. 

BACKEE.     FK.,  Ardoise  a  dossier ;  GEB.,  Unterschiefer ;  ITAL.,  Lavagna  strctta. 

A  narrow  slate  laid  on  the  back  of  a  broad,  square-headed  slate,  at  the  spot  where  a  course  of 
elates  begins  to  diminish  in  width,  is  called  a  backer. 

BACK-LASH.    FB.,  Jeu ;  GER.,  Todter  Gang,  Spielraum  ;  ITAL.,  Retrocolpo. 

See  EEACTION. 

BACK-LINKS. 

See  PARALLEL  MOTION. 

BACKING.    FR.,  Remplage;  GER.,  Fiillung ;  ITAL.,  Ripieno;  SPAN.,  Sipio. 

Backing  is  the  hearting  or  internal  mass  of  a  wall  faced  with  material  of  a  superior  quality. 
The  filling  over  the  haunches  of  a  vault  or  arch  is  also  termed  the  backing.  Filling  with  earth  or 
other  material  behind  a  wall  to  strengthen  it  against  heavy  shocks,  as  behind  a  sea-wall  or  between 
the  walls  of  a  traverse,  is  termed  backing  up. 

Backings  are  slips  of  wood,  fixed  against  rough  walls,  to  which  are  attached  wood  linings  or 
other  finishings. 

BACKWATEE.    FR.,  Eau  dormante ;  GEE.,  Stauwasser ;  SPAN.,  Remanso. 

Water  held  back  in  a  stream  or  reservoir  by  some  obstruction,  or  water  thrown  back  by  the 
turning  of  a  water-wheel,  is  called  backwater. 

BADIGEON.    FR.,  Badigeon ;  GER.,  KM  aus  Steinstaub  und  Gyps ;  ITAL.,  Stucco ;  SPAN.,  Bet un. 

Badigeon  is  the  name  given  to  any  mixture  for  stopping  holes  in  stone  or  wood  work,  for  tho 
purpose  of  hiding  defects.  The  badigeon  used  for  stonework  is  composed  of  plaster  and  freestone, 
well  mixed  and  ground  together.  The  badigeon  employed  for  woodwork  is  sawdust  and  strong 
glue,  or  putty  and  chalk. 

BAG. 

A  bag  is  a  measure  reckoned  equal  to  a  Winchester  bushel  striked,  or  2150 '42  cnb.  in. 
Twenty-five  bushels  or  bags  make  a  hundred,  or  ton,  of  lime.  A  bag  of  plaster  of  Paris  is  reckoned 
at  14  Ibs.,  and  eight  bags  equal  a  bushel  nearly. 

BALANCE.     FR.,  Balance ;  GER.,  Wage ;  ITAL.,  Bilancia ;  SPAN.,  Balanza. 

An  apparatus  for  weighing  bodies  is  termed  a  balance;  in  its  original  and  simplest  form, 
Fig.  494,  it  consists  of  a  beam  or  lever  A  B,  suspended  exactly  in  the  middle,  O,  with  a  scale  or 
basin  of  precisely  equal  weight,  hung  to  each  extremity  A,  B. 

In  the  balance,  Fig.  494,  where  any  two  equal  weights  whatever,  placed  one  at  each  extremity, 
are  to  be  in  equilibrium,  it  is  requisite,  first,  that  the  balance  preserve  its  equilibrium  when  it 
carries  no  weights ;  secondly,  that  the  two  arms  be  of  equal  494. 

length.  For,  let  M,  N,  be  the  moments  of  the  two  parts  of 
the  balance  when  it  has  no  weights  appended;  a,  6,  tho 
lengths  of  the  two  arms;  P,  P,  the  weights  which  are  in 
equilibrium  upon  it.  Then,  we  must  have  M  +  P  a  = 
N  +  P  6 ;  whence,  P  (6  -  a)  =  M  -  N.  And,  since  tho 
equation  must  hold,  whatever  be  the  value  of  P,  wo  have, 
necessarily,  M  =  N,  a  =  b.  If  either  of  the  two  specified 
conditions  is  wanting,  the  balance  is  said  to  be  false ;  but  it 
may  still  be  made  to  serve  justly  to  determine  the  weight. 

For  the  first  defect  is  easily  corrected,  by  giving  an  equi- 
poise to  tho  naked  balance,  through  tho  addition,  in  one  of 
the  scales,  of  such  a  weight  as  will  produce  an  equilibrium. 
The  second  defect  is  obviated  by  placing  the  body  to  be  (—  f 

weighed,  first  in  one  scale  and  then  in  the  other ;   its  just  t-  '    '       3-[ 

weight  will  be  a  mean  proportional  between  the  two  different 

marked  weights,  that  have  served  to  balance  it.    For  if  tho  weight  P,  placed  rooeenively  in 

the  two  scales,  is  balanced  by  the  two  weights  Q,  Q',  wo  shall  have  |px6  =  Q'xn}'  whenc* 
by  multiplying  these  equations  together,  we  have  P3  =  Q  X  Q',  and  hence  the  weight  of  P  beoomoi 
known  in  terms  of  the  registered  weights  Q,  Q'. 
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There  is  also  another  mode  of  making  a  false  balance  serve  exactly  to  ascertain  the  equality 
of  two  weights.  This  im  tli«»l,  invented  by  Borda,  consists  in  placing  the  two  weights  Kiuves.sively 
in  the  same  scale  of  the  balance,  and  counterpoising  them  by  the  same  weight  placed  in  the 
other  scale.  If  the  two  weights  have,  in  the  two  successive  weighings,  been  in  equilibrium 
with  the  same  counterpoise,  they  are  necessarily  equal  to  one  another.  Let  the  first  weight 
IK-  1',  and  let  it  be  hi  equilibrium  with  the  marked  weight  Q.  We  cannot  conclude  at  once  that 
P  =  Q,  because  we  are  supposed  not  to  be  sure  of  the  justness  of  the  balance.  Let  the  second 
.t  \.«'  1''.  iiml  let  this,  also,  be  in  equilibrium  with  the  same  marked  weight  Q  ;  ami  here,  t<m, 
for  tin-  same  reason,  we  cannot  say  that  P'  =  Q.  But  we  may,  with  certainty,  affirm  that  P  =  P'; 
because  these  two  weights,  being  in  equilibrium  with  the  same  marked  weight  Q,  under  the  same 
c  in-  u  instances,  cannot  but  be  equal,  if  P  be  a  known  standard  weight,  say  of  100  Ibs.,  and  P'  an 
irregular  piece  of  metal,  the  weight  of  which  was  sought,  then  we  know  that  P'  =  100  Ibs.,  without 
knowing  the  weight  of  Q.  Since  it  is  physically  impossible  to  secure,  with  the  utmost  degree  of 
precision,  the  perfect  equality  of  the  lengths  of  the  arms,  A  O,  O  B,  Fig.  494,  and  of  the  moments 
M,  N,  it  will  always  be  well  to  employ  this  method  of  two  weighings,  when  it  is  wished  scrupulously 
to  ascertain  the  true  weight  of  a  quantity  according  to  a  given  stand  of  weights. 

The  first  method  gives  also  the  relations  of  the  arms  of  the  beam  to  each  other.  The  body  to 
be  weighed  is  placed  on  one  of  the  scale-boards,  and  counterbalanced  by  marked  weights ;  let  P 
be  the  weight  thus  obtained.  The  body  is  then  placed  on  the  other  scale-board ;  let  Q  be  the 
weight  necessary  to  produce  equilibrium.  If  Q  be  equal  to  P,  then  it  is  exactly  the  weight  of 
the  body.  If  this  be  not  the  case,  let  x  be  the  weight  of  the  body  to  be  weighed  and  a  and  6  the 
lengths  of  the  arms.  In  the  first  instance  xa  =  P6 ;  [1]  and  in  the  second  xb  =  Qa,  [2]. 

If  these  equations  be  multiplied  member  by  member,  and  the  common  factors  a  and  6  can- 
celled, the  result  will  be  x3  =  P  Q,  whence  x  =  ^"PQ,  [3] ;  that  is  to  say,  that  the  real  weight  of 
a  body  is  the  geometrical  mean  between  the  weights  found  in  the  above  manner.  We  obtain  in 

addition,  by  dividing  equation  [1]  by  equation  [2],  the  result  —  =  -Q— ,  or  —  =  — ,  or  lastly 
,  [4] ;  therefore  the  arms  of  the  beam  stand  in  the  same  relation  to  each  other  as  the 


a 

T  = 

square  roots  of  the  weights  which  were  placed  at  the  extremities  of  the  opposite  arms.    From 

the  third  and  fourth  equations  can  be  deduced  —  =  — ,  or  T  =  — .  If,  for  instance,  P  =  lk-350 

b      Q  '        6       x 

and  Q  =  lk-362,  then  x  =  lk- 35598,  or  nearly  x  =  lk-356,  and  ^  =  -995594,  or  ^-  =  '996  nearly. 

o  o 

In  order  that  a  balance  be  just,  it  is  not  sufficient  that  the  two  equal  weights  are  in  equilibrium ; 
but  the  inequality  of  weight  must  also  have  the  power  to  overcome  the  friction  of  the  fulcrum. 
For  this  purpose  the  beam  must  encounter  no  resistance  in  its  revolution  round  the  fixed  point, 
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or  there  must  be  no  friction  between  the  beam  and  its 
supports ;  for  any  friction  would  necessitate  an  increased 
weight  of  the  body  to  produce  equilibrium.  In  exact 
balances,  the  beam  is  supported,  upon  polished  surfaces 
of  steel  or  agate,  by  steel  blades,  Fig.  495.  By  this 
means  the  friction  is  reduced  to  a  minimum. 

The  perfection  of  the  balance,  and  the  facility  of 
managing  it,  require  other  conditions.  In  the  first 
place,  for  every,  the  smallest,  inequality  of  the  two 
weights,  the  needle  of  the  balance  should  slowly  incline 
itself,  stopping  in  a  position  oblique  to  the  horizon,  with- 
out going  completely  down.  Further,  if  the  balance  is 
in  a  state  of  equilibrium,  and  if  the  needle  is  accidentally 
made  to  incline  itself,  it  ought  not  to  stop  in  that  inclined  position,  nor  completely  to  go  down, 
but  slowly  to  reassume  its  vertical  position. 

The  fulfilment  of  these  conditions  depends,  above  all,  upon  the  relative  position  of  the  three 
points  O,  C,  G,  Fig.  496,  of  which  O  is  the  centre  of  motion,  G  the  centre  of  gravity  of  the  beam 
of  the  balance,  C  the  intersection  of  the  vertical  line  O  G  with  the  horizontal  line  A  B,  which  joins 
the  points  of  suspension  of  the  two  scales. 

The  most  advantageous  situation  of  the  three  points  O,  C,  G,  is  readily  determined  from  the 
succeeding  derived  equations.  The  equilibrium  of  a  balance  having  been  disturbed,  by  the 
addition  of  a  very  small  weight  p  to  one  of  the  equal  weights  P,  P,  that  are  weighed  in  it,  to 
determine  the  inclination,  which  will  thence  ensue,  in  the  needle  of  the  balance. 

Suppose  that,  by  the  addition  of  the  small  weight  p  to  the  weight  P,  hanging  from  the  point 
B,  the  beam  passes  into  the  position  a  O  6 ;  and  let  the  angle  AOa  =  BO&  =  GO<7  =  0,  and  the 
angle  AOC  =  BOC  =  o;  and  from  the  points  a,  6,  gt  let  there  be  drawn  ah,bk,g »',  perpendicular 
to  O  G,  and  let  II  be  the  weight  of  the  beam. 

Then,  for  the  balance  to  be  in  equilibrium  in  the  position  a  O  6,  we  must  have 

P  X  aA  +  M  x  gi  =  (P+.p)  X  bk;  [Y]. 
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Now,  a  A  =  A  O  sin.  (a  -f  6)  =  A  O  sin.  a  cos.  0  +  A  O  sin.  6  cos.  a 

=  A  C  cos.  0  +  O  C  sin.  0 ; 
b  k  =  A  O  sin.  (a  —  0)  =  A  O  sin.  a  cos.  9  —  A  O  sin.  0  cos.  a 

=  A  C  cos.  0  —  0  C  sin.  6 ; 
g  i  =  O  G  sin.  0. 
Substituting  these  values  in  [Y],  the  equation  of  equilibrium,  we  shall  have, 

tan  0 p  x  AC . 

(2P+^)OC-fMxOG* 

or  putting  M'  for  the  weight  of  the  loaded  balance,  so  that  M'  =  M  +  2  P  +  p,  we  shall  have  more 
briefly 


M'xOC  +  MxCG* 
The  mobility  of  the  balance,  therefore,  will  be  the  greater,  the  longer  are  its  arms,  tho  nearer 

v  x  A  0 

together  are  the  three  points  O,  C,  G,  and  the  less  it  is  loaded.    If  O  C  =  o,  then,  tan.  0  =  -(j — : 

lil  x  C  G 

and  consequently  the  mobility  of  the  balance  is  the  same,  whatever  bo  the  load  which  it  carries. 
If,  at  the  same  time,  O  C  =  zero,  and  G  C  =  zero,  so  that  the  three  points  O,  C,  G,  coincide,  then 
tan.  0  =  co  or  infinity ;  and  then  for  every,  the  smallest,  derangement  of  the  equilibrium,  tho 
needle  of  the  balance  will  go  down,  and  describe  a  quadrant  of  a  circle,  so  as  itself  to  become 
horizontal.  And  if  O  C  and  C  G  were  negative,  tan.  0  would  become  negative,  and  tho  needle, 
still  going  down,  would  describe  more  than  the  quadrant  of  a  circle.  It  is  evident  that  UK-&C 
constructions  of  the  balance  are  faulty. 

If  the  needle  or  pointer  of  a  balance,  which  is  in  perfect  equilibrium,  be  made  to  incline  at  the 
angle  0,  to  find  the  force  with  which  the  beam  tends  to  resume  the  position  of  equilibrium.  Let 
S  be  the  moment  of  INEKTIA,  of  the  loaded  balance,  with  respect  to  the  axis  of  motion.  The 
accelerating  force,  with  which  the  beam  will  tend  to  turn  round  in  the  direction  a  A  6  B,  to  place 
itself  again  in  the  position  A  O  B,  will  be 

_  P  x  ah  —  P  x  6£  +  M  x$r« 


B 


See  INEBTIA,  moment  of. 


And  substituting  the  values  ofah,bk,g  i,  before  found,  the  force  sought  is  found  to  bo 

=  ^  (2  P  x  O  C  + 
E9 

_  sin.  0 

8 


(M'  x  O  C  +  M  x  C  G). 


It  must  be  observed,  in  computing  the  moment  of  inertia  S,  that  tho  masses  of  tho  weights  P,  P, 
which  hang  freely  from  the  points  A,  B,  must  be  understood  to  be  concentered  in  these  points.  If 
O  C  =  O  G  =  zero,  the  restoring  force  vanishes ;  in  that  case,  the  balance  is  said  to  be  indolent ; 
indeed  it  stops  altogether,  the  needle  resting  indifferently  in  any  position.  But  if  O  C  and  C  G 
are  negative,  the  restoring  force  is  negative ;  and  then  the  balance  is  said  to  be  unstable,  because, 
for  every,  the  smallest,  inclination  of  the  pointer,  instead  of  resuming  the  position  of  equilibrium, 
it  deviates  more  and  more  from  it,  and  goes  completely  down. 

The  weight  of  the  beam  may  be  considered  as  applied  to  the  centre  of  gravity  G,  Figs.  497, 
498.    If  this  point  be  removed  from  the  perpendicular  to  G',  by  a  slight  movement  of  the  beam,  it 


497. 


498. 


will  be  raised.    The  force  of  gravity  causing  it  to  descend,  the  beam  will  incline  to  return  to  it* 

first  position,  which  it  will  retain  after  a  series  of  oscillations.    This  third  position  is 

which  should  be  adopted.  .      , 

The  centre  of  gravity  of  the  beam  must  not,  however,  bo  situated  too  far  b 
suspension ;  for  we  should  then  have  a  so-called  inert  balance.    This  is  easily  ace  ».     1*1 

A  B  be  the  points  of  suspension  of  the  scale-boards,  and  let  them  be  placed  in  a  h< 
passing  through  the  point  of  suspension  O,  or,  more  exactly,  through  the  axis  of  . 

Suppose  a  weight  P  be  applied  to  A,  and  a  weight  P  +  p  to  B.    Let  q  be  the  we.j 
beam,  which  may  be  considered  as  applied  to  G.    The  excess  of  weight  p  applied  fc 
lower  the  arm  OB  of  the  beam;  but  if  this  excess  be  not  too  great,  the  beam  wffliOO 
certain  position  A1  B1,  where  it  will  finally  remain  in  equilibrium  after  several  c 
position  can  be  determined.  ..     .        .»« 

KG'  be  the  new  position  of  the  point  G,  draw  the  horizontal  G'l  and  the  porpoTi 
and  B'  D.     Considering  the  moments  of  the  forces  with  regard  to  the  point  O,  MM  iw 
account  the  direction  of  the  rotation  which  each  force  tends  to  produce,  the  r 

But  A  O  B  being  a  straight  tine,  ttfl  same  a?  A  O  B,  'and the  arms  A'  O  and  B'^ 
being  equal,  it  follows  that  O  C  is  equal  to  O  D ;  the  terma  P  x  O  D  and  P  x         du 
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the  above  equation,  leaving  pxOD  =  <7xG'I.  IfSbo  the  distance  Q  O  or  G'  O ;  6  the  length 
O  B  or  O  A  of  the  arm  of  the  beam,  iiud  «  the  angle  B  O  B'  or  its  equal  GOG',  theii 

O  D  =  6  oos.  «  and  G'  I  =  5  sin.  a. 
The  condition  of  equilibrium  then  becomes  p  b  cos.  «  =  q  5  sin.  «,  from  which  is  deduced 

tan.  a  =  ^— ;   [G].    It  is,  therefore,  evident  that  if  the  distance  G  O  or  5  bo  too  great,  the  value  of 

q  o 

tan.  «,  and  consequently  of  *,  for  the  same  excess  of  weight  j>,  might  bo  very  small ;  the  beam 
would  then  remain  in  equilibrium,  in  a  position  but  little  different  from  its  primitive  position,  with 
which  it  might  be  confounded.  The  balance  would,  therefore,  not  be  sensible  enough. 

The  angle  a  may  be  regarded  as  the  measure  of  sensibility  of  the  balance ;  it  will  increase 
as  the  weight  9  of  the  beam  diminishes,  as  the  arm  b  lengthens,  and  as  the  distance  5  from  the 
centre  of  gravity  of  the  beam  to  the  axis  of  suspension  becomes  shorter.  In  precise  balan<vx, 
the  distance  from  the  centre  of  gravity  of  the  beam  to  the  axis  of  suspension  can  be  changed  l>y 
means  of  a  nut  E  moving  up  and  down  a  screw,  the  axis  of  which  is  perpendicular  to  the  direction 
of  the  beam,  Fig.  495.  The  angle  described  by  the  beam  is  indicated  by  a  needle,  fixed  perpen- 
dicularly ;  the  end  of  this  needle  moves  round  a  graduated  arc.  It  is  now  evident  that,  by  placing 
the  points  of  support  A  and  B  in  a  horizontal  line,  passing  through  the  axis  of  suspension,  tho 
sensibility  of  the  balance  does  not  become  affected  by  tho  weight  to  be  estimated.  It  is  by  virtue 
of  this  fact  that  the  terms  P  X  O  D  and  P  X  O  C  disappear  from  the  equations  of  the  moments. 
The  caae  would  be  altered  if  the  point  O  were  above  or  below  the  horizontal  A  B :  the  lengths  O  D 
and  O  C  would  then  no  longer  be  equal ;  the  weight  P  would  remain  in  the  equation,  conse- 
quently the  angle  a,  and  with  it  the  sensibility  of  the  balance,  would  det>end  upon  the  weight  of 
tue  scale-boards.  To  diminish  as  much  as  possible  the  friction,  the  scale-boards  are  suspended  by 
hooks  r»  ,-tiiiir  <>u  blades  at  the  extremity  of  the  beam,  as  seen  in  Fig.  494. 

The  lever-balance,  Fig.  499,  is  also  a  lever  of  the  first  order.  The  materials  to  be  weighed  are 
placed  in  a  scale-board,  suspended  at  the  extremity  B  of  one  of  the  arms  of  the  beiim  :  and  equi- 
librium is  established  by  means  of  a  slider  A,  which  moves  along  the  other  arm.  If  the  beam  bo 
suspended  in  such  a  manner  that  the  friction  may  be  omitted,  as  shown  in  the  figure,  and  if  the 
centre  of  gravity  of  the  beam  lie  in  a  perpendicular  from  the  point  of  suspension  O,  equilibrium 
will  ensue  wheu  P  is  the  weight  of  the  materials  to  be  weighed  and  p  that  of  the  slider, 

O  A 
PxOB=pxOA,  whence  P  =  p  x  r-^r  . 

The  quantities  P  and  O  A  being  constant,  it  is  evident  that  the  weight  Q  is  proportional  to 
the  distance  O  M  between  the  slider  and  the  point  of  suspension.  For  convenience,  the  arm  O  B 
is  divided  into  a  certain  number  of  equal  parts,  at  each  of  which  is  marked  the  weight  which  pro- 
duces equilibrium  when  the  slider  is  at  that  spot.  This  kind  of  balance  has  sometimes  two  rings 
for  suspension,  and  consequently  two  corresponding  systems  of  blades ;  one  or  the  other  ring  is 
used,  according  to  the  nature  of  the  substances  to  be  weighed  ;  if  these  be  light,  the  ring  farther 
from  the  point  B,  to  which  the  scale-board  is  attached,  is  used.  For  heavy  matters,  the  ring 
nearer  B  is  employed.  The  arm  O  A,  in  this  case  is  divided  in  two  different  mariners. 

499.  600.  601. 


BALAXCE,  Moment. — An  apparatus  invented  by  Didion  to  measure  directly  the  moment  of 
the  weight  of  a  ballistic  pendulum  with  regard  to  the  axis  of  suspension.  This  apparatus  was 
adopted  in  1857  for  testing  powder  in  powder  manufactories  in  France.  It  consists  of  a  bent  lever 
BCD,  Fig.  500,  in  which  the  arms  C  B  and  C  D  are  equal,  and  form  an  angle  slightly  greater  than 
a  right  angle.  At  the  extremity  B  of  one  of  the  arms  is  joined,  by  means  of  blades,  an  inclined 
rod  T,  which  can  be  fixed  or  jointed  to  the  ballistic  pendulum ;  at  the  extremity  D  of  the  other 
arm  is  jointed,  also  by  means  of  blades,  a  second  rod,  supporting  a  scale-board  for  the  reception  of 
weights.  The  bent  lever  rests  at  C  upon  a  support  M,  which  can  be  fixed  to  the  structure  bearing 
the  pendulum.  This  support  can  be  moved  either  in  a  direction  parallel  to  the  arm  C  B,  or  in  a 
direction  perpendicular  to  it,  by  moving  the  screws  V  or  V.  Let  O  A,  Fig.  501,  be  the  perj>en- 
dicular  from  the  point  of  suspension  of  the  ballistic  pendulum,  containing  the  centre  of  gravity  G. 
suppose  the  straight  line  O  G  A  brought  to  the  position  O  G' A',  forming  an  acute  angle  a;  a  rod 
A'  B,  jointed  at  A1  to  the  pendulum  and  at  B  to  one  of  the  arms  of  the  balance,  is  placed  perpen- 
dicularly to  O  A',  and  makes  consequently  an  angle  o  with  the  horizon.  The  bent  lever  ia  so 
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constructed  that  when  the  arm  C  B  is  placed  parallel  to  O  A',  the  other  arm  C  D  is  horizontal  or 
the  angle  BCD  is  equal  to  90°+  o.    In  the  scale-board  suspended  to  D  a  weight  is  i.l- 
sufficient  to  maintain  equilibrium  in  the  position  just  indicated  ;  this  weight  will  give  the  weight 
P  of  the  pendulum,  applied  at  G',  in  relation  to  the  point  of  suspension  O. 

The  theory  of  this  apparatus  is  easily  understood.  Take,  firstly,  the  equilibrium  of  the  pen- 
dulum  and  the  moments  of  the  forces  acting  upon  it,  with  regard  to  the  axis  through  O.  The 
suspension  being  effected  by  means  of  blades,  the  reaction  of  the  supports  may  be  considered  aa 
zero  ;  there  then  remain  but  the  moment  of  the  weight  P  and  the  moment  of  the  reaction  B 
exercised  at  A'  by  the  rod,  in  the  direction  A'  B  ;  if  we  make  O  A  =  L  and  O  Q  =  /,  we  get 

PI  sin.  a  =  RL.  [1] 

Take,  secondly,  the  equilibrium  of  the  rod  A1  B  ;  let  R'  be  the  reaction  exercised  on  the  rod, 
at  B,  by  the  bent  lever,  and  let  q  be  the  weight  of  the  rod,  applied  to  its  centre  of  gravity  «  ;  if  we 
move  the  forces  R,  R'  and  q  in  the  direction  A'  B,  we  shall  obtain 

R  +  q  sin.  a  =  R'.  [2] 

Then  the  rod  receives  from  the  pendulum  a  reaction  R  equal  and  opposite  to  that  which  it  cxcrta 
on  the  pendulum. 

Take,  lastly,  the  equilibrium  of  the  bent  lever,  and  take  the  moments  with  regard  to  the  axis 
through  C  ;  the  moments  of  the  reaction  of  the  supports  may  here  also  be  coutmlercd  as  zero,  an 
well  as  the  friction  of  the  blades  at  B  and  D.  The  moment  of  the  reaction  IV,  exercised  at  B,  l>y 
the  rod  A'  B,  must  be  rendered  equal  to  the  sum  of  the  moments  of  the  weight  />  of  the  scale-board 
suspended  at  D,  and  of  the  weight  ir  of  the  levers,  applied  to  the  centre  of  gravity  g.  If  \  \» 
length  of  the  lever-arm  C  B,  \'  that  of  the  arm  C  D,  very  little  different  from  A,  and  5  the  distance 
g  C,  the  point  g  lying  in  the  bisecting  line  of  the  angle  BCD,  then 

R'  \  =  p\'  +  IT  8  cos.  (45°  +  J  a).  [3] 

By  eliminating  R  and  R'  from  equations  [1],  [2],  and  [3],  and  seeking  the  value  of  the 
moment  P/,  we  find  :  — 


In  the  balance  for  moment,  constructed  according  to  Didion's  design,  a  =  5°  44'  21",  whence 
ein.  o  =  0  •  1  and  cos.  (45°  +  £  a)  =  0  •  6708.  Also  \  =  \'  =  Om  •  2,  therefore 

P/=10L(j?  +  3-354ir8)-gL.  [5] 

This  apparatus  gives  the  moment  PI  within  at  least  one  ten-thousandth  of  its  value.  But  it  ia 
of  the  greatest  importance  that  the  arms  of  the  lever  be  exactly  equal,  and  that  their  length  be 
known,  for  an  error  of  one-tenth  of  a  millimetre  in  one  of  their  lengths  would  give  rise  to  an  error 
of  one  five-hundredth  in  the  calculation  of  the  moment  sought.  In  order  to  test  the  equality  of  tho 
lever-arms,  the  bent  lever  should  be  placed  in  two  positions,  so  that  each  arm  occupies  alternately 
a  horizontal  position  ;  if  the  arms  were  unequal,  two  different  weights  p  and  p'  would  be  necessary 
to  produce  equilibrium  in  each  case.  If  this  be  the  case,  Didion  substitutes  for  p,  *J  pp'  ;  but  Una 
rule,  which  is  exact  when  applied  to  the  common  balance,  is  here  only  approximative.  Soe  '  Traitc 
d'Artillerie,'  par  Didion. 

A  Weighing  Machine  is  a  balance  employed  chiefly  in  shops,  warehouses,  and  railways  for  weigh- 
ing heavy  weights.  The  beam  ABC,  Fig.  502,  moves  round  a  horizontal  axis  passing  through 
O  ;  at  the  extremity  C  is  suspended  the  scale-board  in  which  the  weight  j>,  destined  to  produce 
equilibrium  with  the  weight  P,  is  placed.  The  weight  to  be  determined  is  placed  on  a  horizontal 
plane  D  E,  to  which  is  attached  on  one  side  a  vertical  partition  E  F,  to  protect  the  balance  from 
injury;  this  is  fastened  to  a  horizontal  bar  T,  the  end  of  which  is  shown  in  the  figure,  by  ol>li<|uo 
bars  G  G.  T  is  suspended  from  the  short  arm  of  the  beam  by  a  rod  B  ;  D  E  also  rests  at  I  upon  a 
lever  K  L,  movable  at  I  and  suspended  by  the  rod  L  A  from  another  point  A  of  the  same  arm  of 
the  beam.  The  lower  part  of  the  machine  is  enclosed  in  a  case,  which  is  omitted  in  the  figure. 
The  lower  stage  MN  supports  the  blade  K,  upon  which  the  lever  KL  turns;  and  the  vertiml 
partition  N  Q  supports  the  axis  of  suspension  of  the  beam.  When  there  is  no  weight  »  -illi'-r  n|>on 
E  D  or  upon  6  c,  the  point  TO,  fixed  upon  the  arm  O  C,  must  be  exactly  opposite  the  point  ".  fixed 
to  the  frame-work  of  the  machine.  As  this  is,  in  reality,  seldom  the  case,  a  email  weight  is  pliuvd 
in  the  cup  a,  suspended  to  C,  till  m  is  opposite  n  ;  this  weight  is  called  the  tare.  A  weight  to  be 
weighed  must  be  placed  on  DE;  weights  are  then  placed  on  the  scale-board  '/  •  till  tin  jM.int* 
m  and  n  are  opposite.  The  weight  p  on  the  scale-board  IB  exactly  a  tenth  of  the  weight  P  ou  tho 
stage  D  E. 

502.  603- 
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In  Fig.  503  this  balance  is  shown  in  its  most  simple  form.    Tho  dimension*  of  the  diffcren 
parts  are  such  as  to  produce  the  proportion  OB;OA=KItKL=l  :*• 
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The  relation  of  O  B  to  O  C  id  generally  -^j.  When  the  apparatus  is  set  in  motion,  D  H  remains 
horizontal.  If  the  points  B  and  II  are  lowered  a  short  distance  li,  by  virtue  of  the  above  propor- 
tion the  point  A  lowers  itself  n  A.  It  \\ill  ho  the  same  with  the  punt  I.:  c<>ns.  •([iiently,  in  the  saino 
|>roportion,  the  point  I  will  be  lowered  the  distance  A,  like  the  point  II;  and  III  will  remain 
horizontal.  The  actual  work  of  P  will  bo  4-  PA,  as  the  stage  is  lowered  h.  But  the  point  0  will 
be  raised  10  A,  as  OC  =  10  OB;  the  actual  work  of  p  will  therefore  be  — 10  ^  A.  The  actual 
work  of  the  reactions  exercised  by  the  points  of  support  I  KG  is  zero,  if  the  friction  be  omitted. 
The  other  forces  that  influence  tin-  system  are  mutual,  equal  in  pairs,  and  having  opposite  signs,  and 
their  virtual  actions  cancel  one  another  in  the  summing  up.  There  then  remains  PA  — 10  p  A  =  0, 

whence  p  =  — .    In  reality,  the  four  points  A,  B,  C,  O,  Fig.  502,  are  not  in  the  same  horizontal 

piano ;  but  if  they  are  projected  on  a  horizontal  plane  passing  through  O,  as  in  Fig.  503,  ABC, 
the  same  reasoning  holds  good. 

Conditions  of  Equilibrium  in  liobervars  Balance. — An,  a k,  Fig.  504,  are  two  equal  and  parallel  bars 
turning  at  their  middle  points  about  pivots  C,  c,  which  are  in  the  same  vertical  line,  and  connect 
with  the  stand  II  C.  The  extremities  of  these  bars  are  connected  by  means  of  pins  A,  a ;  n,  k,  with 
two  other  bare  A  a,  n*,  so  as  to  allow  of  free  motion  about  these  points.  Then,  since  AC,  a  c  are 
equal  and  parallel,  A  a  is  equal  and  parallel  to  C  c ;  and  therefore  A  a,  n  k  will  always  bo  vertical  in 
every  position.  In  this  balance,  two  horizontal  rods  are  fixed  to  the  vertical  bars  A  «,  n  k,  on  which 
the  weights  P  and  Q  are  placed,  and  if  these  balance  each  other  in  one  position,  the  equilibrium  will 
remain  undisturbed  in  every  other  position.  On  the  same  principle  the  balances  now  in  general 
use  are  constructed,  and  we  will  prove  that  if  the  weights  P,  Q  are  equal  they  will  balance  each 
other  in  whatever  part  of  the  scale-pans,  E,  F,  they  are  placed.  Suppose  the  weight  P  to  be  placed 
in  the  scale  E,  immediately  over  the  rod  A  a  •  and  an  equal  weight  Q  in  the  other  scale  F  acting 
at  any  distance  C  m  from  the  centre.  At  n  introduce  two  equal  and  opposite  forces  R,  r,  acting  ver- 
tically in  opposite  directions,  each  equal  to  Q.  Also  introduce  two  pairs  of  equal  and  opposite/ 
forces  8,  s ;  T,  t ;  each  of  these  forces  having  the  same  proportion  to  Q  as  m  k  to  n  m.  These  six 
forces  will  manifestly  balance  each  other,  and  not  affect  the  equilibrium.  Now  the  forces  Q  and 
*  being  proportional,  m  A,  m  n  are  equivalent  to  a  force  represented  by  the  diagonal  m  k.  In  like 
manner,  r  and  T  are  equivalent  to  the  same  force  k  m  acting  in  the  opposite  direction.  Hence  the 
forces  Q,  s ;  r,  T,  mutually  destroy  each  other ;  and,  therefore,  the  force  Q  is  equivalent  to  the  equal 
force  R  acting  in  the  direction  nR,  and  the  two  forces  S  and  t  acting  in  the  directions  Cn,  Ac. 
But  the  forces  S,  t  only  produce  pressure  on  the  pivots  C,  c,  and  have  no  effect  in  turning  the 
bars  'round.  And  since  P  and  R  are  equal  and  at  equal  distances  from  <J,  they  will  balance 
each  other. 
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Fig.  505  represents  the  extremity  of  this  beam  seen  from  above ;  n  n  are  two  blades,  inclined 
in  contrary  directions,  their  edges  a  b  and  c  d  are  placed  in  a  straight  line  in  the  lower  plane 
of  the  beam.  This  extremity  enters  a  stirrup,  forming  the  lower  end  of  the  side  A  A',  and  which 
is  represented  in  Fig.  506  in  perspective,  and  Fig.  507  in  plan.  Its  lower  cross-bar  is  a  blade, 
the  edge  of  which,  6c,  is  turned  upwards;  the  two  prongs  m  and  m'  are  so  arranged  that  this 
edge  is  on  the  outer  side  at  m  and  on  the  inner  at  m'.  When  the  end  of  the  beam  is  in  con- 
nection with  the  stirrup,  the  edge  a  b  of  the  blade  n  rests  on  the  outer  face  of  the  prong  m,  the 
edge  c  d  of  the  blade  n'  rests  on  the  inner  face  of  m',  and  the  lower  face  of  the  beam  rests  on  the 
edge  6  c  of  the  blade  fonning  the  cross-bar  of  the  stirrup.  The  edges  of  the  three  knives  thus 
form  a  prolongation  of  each  other,  and  each  bears  on  a  corresponding  plane.  It  follows,  that  in 
all  portions  of  the  parallelogram  the  contact  takes  place  along  this  same  edge,  which  thus  forms 
the  axis  of  articulation,  without  producing  an 
appreciable  amount  of  friction.  The  opposite 

end  of  the  beam  is  jointed  in  the  same  manner      ,-L-VT. 

to  the  stirrup,  which  forms  the  lower  end  of  the  ^^        F^ffi— ~S^ 

ride  B  B'.     At  O'  the  jointing  is  of  the  same     s^^- — •*___% 

nature,  with  this  difference,  that  the  stirrup  is 

fixed.      This   system  of  jointing  gives  to  the 

parallelogram  the  desired  sensibility.    The  lower 

beam  and  the  greater  part  of  the  lateral  sides  are 

generally  concealed  by  the  body  of  the  balance, 

as  shown  in  Fig.  508.   The  conditions  of  stability 

and  sensibility  are  otherwise  the  same  as  in  the 

ordinary  balance ;  the  centre  of  gravity  of  each  beam,  and  particularly  of  the  upper  beam,  must 

be  a  short  distance  below  the  axis  of  suspension  of  that  beam. 


BALLAST. 
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Fig  509  represents  an  assay  balance  of  great  delicacy  and  precision,  with  the  glasa  case  enclosine 
it.     In  front,  and  slightly  projecting  from  the  stand,  is  seen  the  end  of  a  lever,  by  means  of 
the  beam  can  be  raised  in  order  to  relieve  the  knife-edged  fulcrum,  upon  which  it  rests,  from 


610. 


fatigue  and  wear  when  the  instrument  is  not  in  use.  At  the  upper  part  will  be  observed  a  small 
mechanical  contrivance  resorted  to  by  some  makers,  though  not  in  general  use.  In  front  of  the 
beam  is  a  horizontal  graduated  semicircle,  over  which  a  little  metallic  needle  can  be  made  to 
travel  with  the  aid  of  a  pin,  worked  by  a  button  on  the  exterior  upper  surface  of  the  case.  By 
shifting  this  needle  to  the  right  or  to  the  left,  the  equilibrium  may  be  obtained  with  much 
accuracy,  while  thje  readings  on  the  graduated  semicircle  show  the  increments  or  decrements  of 
weight.  See  HYDRAULIC  MACHINES.  LEVER.  WEIGHING  MACHINES.' 

BALANCE-VALVE.  FE.,  tioupape  a  bascule ;  GEK.,  Entlasteter 
Schieber ;  ITAL.,  Valvola  bilanciata ;  SPAN.,  Vdlvula  autamatora. 

See  VALVES. 

BALECTION.  FE.,  Moulure  ;  GEE.,  Fenster  odcr  Thiirverkleidunj ; 
ITAL.,  Modanatura. 

£alection,  bolection. — A  term  applied  to  mouldings  which  project 
beyond  the  face  of  the  work  which  they  decorate,  Fig.  510.  They 
are  principally  used  for  external  doors. 

BALK,  BAULK.  FB.,  f outre,  Gutret;  GEE.,  Balkcn;  ITAL., 
Trave ;  SPAN.,  Viga. 

In  engineering,  the  ridge  or  bank  between  two  excavations  ;  also  a  term  applied  to  timber  in 
the  log,  roughly  squared,  and  before  it  is  sawn  up  for  use ;  and  sometimes  used  to  designate  the 
horizontal  timbers  in  an  open  roof. 

BALL-AND-SOCKET  JOINT.  FE.,  Gcnou  de  charniere ;  GEE.,  Eujcljelenk ;  ITAL.,  Snodatun 
sj 'erica,  Nocella ;  SPAN.,  Juego  de  nuez. 

See  JOINTS. 

BALL-COCK.  FB.,  Eobinet  mode'ratcur ;  GEE.,  Zulass  und  Abspcrrhahn;  ITAL.,  Chiate  a  gatity- 
giante ;  SPAN.,  Vdlvula  flotante. 

See  WATER-SUPPLY. 

BALL-LEVER.    FB.,  Levier  a  bascule;  GEE.,  Regulirungs  brcbel ;  ITAL.,  Leva  a  contrvpcto. 

See  WATER-SUPPLY. 

BALL-VALVE.    FE.,  Vcntouse ;  GEE.,  Ablass;  ITAL.,  Valvola  pallata. 

See  WATER-SUPPLY. 

BALLAST.     Fn.,  Lest;  GEE.,  Ballast;  ITAL.,  Stiva,  Ghiaia;  SPAN.,  Lustre. 

Ballast  is  a  term  applied  to  gravel,  stone,  or  other  material  used  for  loading  ships,  to  give  thorn 
steadiness  in  the  water  when  sailing  without  a  cargo,  or  when  the  cargo  in  not  of  nufllcionl 
weight. 
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In  civil  mgineering,  a  layer  of  broken  stono  or  course  gravel,  from  6  to  18  in.  in  thickness,  laid 
nlx>vo  the  formation-level  of  roads  mid  railways,  where  it  answers  the  purpose  nf  a  foiiinlution 
f««r  the  road-metal  in  the  former,  ami  for  tho  sleepers  and  permanent  way  in  4he  latter.  <  )ri^inally 
tin)  material  used  for  this  purpose  was  of  the  saino  description  us  that  used  for  ballasting  ships, 
heliee  the  tenn. 

Thames  ballast  is  tho  gravel  dredged  from  tho  bed  of  tho  river  Thames,  and  is  used  for  ships' 
l-alln-t.  making  concrete,  formation  of  roads,  &c. 

Where  stone  and  gravel  are  scarce,  clay  burned  to  tho  hardness  of  at  least  ordinary  bricks  is 
used  instead  of  the  ordinary  gravel  or  stono  ballast,  tho  process  being  as  follows : — 

flay  us  u.-ed  for  the  manufacture  of  bricks  is  dug  and  slightly  tempered  to  make  a  homo- 
geneous mass;  a  log  of  wood  is  fixed  upright  in  the  ground,  from  which  a  flue,  terhnir.illy  termed 
a  "live  hole,"  of  8  or  U  in.  in  diameter,  and  about  7  ft.  long,  according  to  the  size.-  of  the  heap  to 
be  burned,  is  formed  of  bricks  on  edge,  or  old  drain-pipes,  on  the  upper  side  of  which,  at  the  end 
next  the  wood,  is  left  an  opening.  Pieces  of  wood  are  next  piled  around  the  upright  log,  in  a 
conical  form,  about  4  or  5  ft.  in  diameter  at  the  baae,  and  about  4  ft.  high.  Over  this  cone  of  wood 
is  placed  about  half-a-ton  of  coal,  and  on  the  coal  a  coating  of  clay  6  to  8  in.  thick.  The  whole  is 
then  set  on  fire  through  the  h»ri/ontal  line. 

As  the  wood  burns  down,  coals  are  thrown  in  until  all  becomes  in  a  state  approaching  incan- 
descence. It  is  then  ready  to  form  the  core  for  the  reception  of  another  coating  of  clay ;  and  as  tho 
burning  proceeds,  coal  and  breeze  are  added  to  feed  the  fire,  then  another  coating  of  clay,  and  so  on. 
until  the  size  of  the  heap  becomes  such  as  to  render  it  inconvenient  to  add  more.  The  burning  should 
proceed  gradually  at  first,  as  in  brick-making,  to  expel  the  moisture,  after  which  the  heat  may  bo 
urged.  When  the  mass  is  thoroughly  burned  through,  it  should  be  left  to  cool,  and  afterwards 
1  >n  'ken  into  pieces  of  the  size  required.  From  f  of  a  cwt.  to  1  cwt.  of  coal  is  required  to  burn  a  cubic 
yard  of  clay;  or,  according  to  some  authorities,  about  11  cub.  yds.  of  breeze,  and  4  tons  of  coal, 
inelmlini,'  small  coal  or  slack,  is  required  to  burn  100  cub.  yds.  of  clay. 

A  cubic  yard  of  clay,  measured  in  the  solid,  before  digging,  will,  when  burned  and  broken  up, 
occupy  a  space  of  1 J  to  1 J  cub.  yd.,  and  weighs  about  a  ton. 

About  22  cub.  ft.  of  Thames  ballast,  21  of  broken  granite,  and  from  22  to  27  cub.  ft.  of  other 
stones,  when  broken,  weigh  a  ton. 

BALL  AST-WAGON.  FK.,  Waggon  a  lest;  GER.,  Ballast  Wagcn,  Kieswagen;  ITAL.,  Carro  da 
tiki-lilt ;  Si'AN.,  Wagon  para  lastre. 

A  ballast-wagon  is  a  wagon  employed  in  removing  earth  in  excavations  and  similar  works. 
They  are  usually  made  to  hold  2  to  3  cub.  yds.  Ballast- wagons  should  be  made  with  springs, 
as  without  springs  they  increase  the  wear  and  tear  of  the  rails  considerably,  and  add  to  the  expense 
of  maintaining  the  way.  Figs.  511,  512,  show  forms  of  ballast- wagons  generally  in  use. 
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BALUSTER.    FB.,  Balustre ;  GER.,  Docke  einer  Treppenlehne ;  ITAL.,  Balaustro ;  SPAN.,  Balaustre. 

A  small  pillar,  a  series  of  which,  fixed  under  the  coping  of  the  parapet  of  a  bridge,  or  otherwise, 
is  called  a  balustrade.  It  also  applies  to  the  pillars  of  wood  or  iron  which  support  the  hand-rail 
at  the  side  of  a  stairs. 

BALUSTRADE.  FB.,  Balustrade;  GEB.,  Balustrade;  ITAL.,  Colonnata  di  balaustri ;  SPAN., 
Balaustrada. 

See  BALrsTER. 

BANDING-PLANE.  FB.,  Sabot  a  rainure;  GEB.,  Nuthhobel;  ITAL.,  Pialla  da  intorsiatore ; 
Hr.\x.,  Cepillo  de  Bocel. 

A  banding-plane  is  a  plane  used  for  cutting  out  grooves  and  inlaying  strings  and  bands  in 
straight  and  circular  work. 

BANKER.    FB.,  Etabli;  GEB.,  Werkbank;  ITAL.,  Ceppo;  SPAN.,  Banco  de  cantero. 

The  bench  or  table  upon  which  bricklayers  and  stonemasons  prepare  and  shape  their  ma- 
terials. 

BANK-NOTE  PRINTING  MACHINE.  FB.,  Machine  a  imprimer  les  billets  de  Banque; 
GEB.,  Presse  zum  Drucken  der  Cassenscheine ;  ITAL.,  Macchina  per  stampare  i  biqlietti  di  Banco  ed  altri. 

The  Bank-Note  Printing  Machine,  invented  by  Thomas  Grubb,  of  Dublin,  and  described  by 
him  in  a  paper  read  before  the  Institution  of  Mechanical  Engineers,  is  shown  in  Figs.  513  and 
514;  Fig.  514  is  a  side  elevation,  and  Fig.  513  a  vertical  section  taken  at  right  angles  to  Fig.  514. 

The  machine  consists  of  a  horizontal  polygonal  cylinder  A,  Figs.  513  and  514,  of  twenty  sides, 
on  ten  of  which  are  held  the  ten  engraved  plates  from  which  the  notes  are  to  be  printed.  These 
engraved  plates  are  held  in  position  in  dovetails  formed  by  ten  plain  plates  screwed  upon  the  ten 
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intermediate  sides  of  the  polygon.  The  plates  and  polygon  are  maintained  at  the  proper  tempe- 
rature for  working,  by  steam  admitted  inside  the  hollow  polygon  through  the  back-bearing  B, 
Fig.  513. 

613-  614. 


At  the  ordinary  rate  of  working,  each  impression  occupies  ten  seconds ;  and  the  polygon  is  hold 
stationary  during  eight  seconds  of  the  time,  and  during  the  remaining  two  seconds  it  i.s  turned 
round  through  -jLth  of  a  revolution,  in  the  direction  shown  by  the  arrow  in  Fig.  514,  BO  as  to  bring 
the  next  engraved  plate  to  the  top  for  being  printed  from.  During  the  eight  seconds  that  tho 
polygon  is  stationary,  the  undermost  plate  at  C  is  inked  by  the  machine,  tlu>  uppermost  plate  at 
D  is  printed  from,  and  the  plate  at  E  has  the  wiping  of  its  surface  completed.  The  maoliino 
requires  two  attendants,  one  standing  in  the  box  F,  who  lays  the  paper,  removes  it  after  being 
printed,  and  observes  that  the  work  is  proceeding  satisfactorily;  while  the  other  gives  the  final 
wiping  by  hand  to  the  surface  of  each  plate  as  it  comes  into  tho  position  E,  Fig.  514.  Tho  greater 
portion  of  the  superfluous  ink  is  wiped  off  by  tho  machine,  thereby  lessening  the  labour  of  the 
final  wiping  by  hand;  this  is  done  by  means  of  the  wiping-roller  G,  on  which  is  wound  a  length 
of  cotton  cloth.  This  wiping-roller  is  stationary  while  the  polygon  is  at  rest ;  but  on  the  polygon 
beginning  to  move,  the  roller  presses  against  the  surface  of  the  previously  inked  plate,  and,  by 
turning  in  the  opposite  direction,  wipes  off  the  superfluous  ink.  When  tho  surface  of  ti.i-  roller 
becomes  surcharged  with  ink,  a  length  of  the  cotton  cloth  upon  it  equal  to  one  round  in  turn  off. 
By  the  revolution  of  the  polygon,  therefore,  each  plate  on  arriving  nt  the  bottom  at  C  is  inked.  »m«l 
as  it  proceeds  upwards  is  first  partially  wiped  by  the  machine  at  O,  ami  nftenvnrda  finally  wij"  •! 
by  hand  at  E,  and  on  arriving  at  the  top  is  printed  from  by  the  printing-roller  I>. 

Several  special  contrivances  are  required  for  producing  the  respective  notions  of  the  machine, 
the  principal  of  which  are  the  apparatus  for  locking  and  turning  the  polygon,  and  for  the  motions 
of  the  printing-roller,  and  the  inking  apparatus. 

At  each  printing  the  polygon  is  subjected  to  a  heavy  strain  by  the  verticnl  pressure  of  tho 
printing-roller  D,  Fig.  514,  tending  to  tiirn  it  first  in  one  direction  and  then  in  tin-  o|.|M..-ite  direc- 
tion alternately,  as  the  printing-roller  passes  over  from  one  side  of  tho  centre  t<i  tin-  other:  it 
therefore  requires  to  be  very  firmly  locked  during  the  time  that  it  has  to  be  held  hti.ti.'iiMr 
printing.     This  is  effected  by  the  locking-lever  H,  which,  being  lowered  by  ita  mm,  me- -Tin  tho 
steel  tooth  I  into  one  of  the  ten  spices  round  the  circumference  of  tho  polygon.     The  turnim 
the  polygon  through  J-.th  of  a  revolution  between  each  printing  in  MeoaptilMCI  by  the  !•  vr. 
cams  K  K  and  LL,  one  of  these  levers,  K,  alternately  withdraws  and  protrudes  tho  tooth  J,  wlnlo 
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the  other,  L,  moves  tho  enrrier-lx>x  M  through  tho  required  arc.  The  action  of  tho  levers  H  and 
K  is  so  arranged,  that  as  tho  tooth  of  the  locking-lover  is  withdrawn,  that  of  the  turning-lr\.T 
enters  the  toothed  circular  plate  N,  and  vice  versa.  Tho  polygon  is  thus  sure  to  bo  duly  in •!•  '<! 
upon,  and  always  under  restraint,  thereby  ensuring  against  risk  of  accident,  which  might  occur  if 
ordinary  moans  wore  employed  for  turning  tho  polygon. 

For  working  the  printing-roller  D,  Figs.  513  and  514,  tho  ordinary  method  of  causing  it  to  roll 
tip  an  inclined  plane  into  contact  with  the  plate  was  inadmissible  in  tho  present  machine,  and  llio 
following  arrangement  has  been  adopted  for  tho  purjwso.  Tho  roller  is  lir.st  canned  t"  drMvn.l 
vertically  lit  the  proper  time  and  with  a  sufficient  pressure  upon  tho  plato,  on  which  the  paper  to  bo 
printed  is  previously  laid ;  next,  tho  roller  is  carried  horizontally  over  the  surface  of  the  plate,  to 
produce  the  impression;  then  it  is  raised  from  the  plate  and  withdrawn  to  its  first  p<>.>iti<m.  Tho 
motion  of  tho  centre  of  the  roller  is,  therefore,  as  shown  by  the  dotted  lino  P  Q 11  in  Fig.  515 ;  :md 
this  motion  is  produced  in  tho  following  manner.  The  vertical 
descending  movement  from  P  to  Q  is  effected  by  tho  long  trussed  rod  .1,-, 

P  and  its  double  cam,  acting  on  the  bell-crank  8  and  toggle-lever  /'//\ 

joint  T.    Tho  horizontal  traverse  from  Q  to  R  is  produced  by  tho  /'  /  /     \ 

printing  cams  and  their  levers  U  acting  upon  tho  sectors  V,  Figs.  513 
and  515.  These  sectors  roll  against  inverted  straight-edges  W,  and 
the  bearings  of  the  printing-roller  D  being  concentric  with  tho  arcs 
of  the  sectors  V,  the  roller  is  traversed  horizontally  over  the  engraved 
plate.  The  curved  motion  from  R  to  P,  in  withdrawing  tho  printing- 
roller  and  returning  it  to  its  original  position,  is  produced  by  tho 
joint  action  of  tho  two  sets  of  cams.  The  blocks  W,  against  which 
the  sectors  V  roll,  slide  vertically  in  grooves  in  tho  side  frames  of  the 
machine ;  the  under-side  of  these  blocks  is  faced  with  a  flat  surface  of 
hardened  steel,  against  which  rolls  the  upper  segmental  surface  of 
the  sectors,  which  is  also  made  of  hardened  steel.  These  steel  bear- 
ing-surfaces are  retained  in  contact  by  tho  spiral  springs  X,  Fig.  513, 
which  carry  the  weight  of  the  sectors,  the  printing-roller,  and  the 
levers  U.  The  sectors  are  prevented  from  slipping  in  rolling  against 
the  blocks  W,  by  means  of  bridle-levers,  which  admit  of  motion  in 
other  directions,  but  prevent  slipping.  An  endless  sheet  of  flannel  Y 
passes  round  the  printing-roller  D  and  over  the  guide-rollers  Z  above, 
travelling  in  the  direction  shown  by  the  arrows  in  Fig.  515;  the 
upper  rollers  Z  are  carried  by  the  sectors  V  and  slide-blocks  W. 

The  inking  of  the  engraved  plates  is  performed  by  the  inking- 
roller  C,  Figs.  513  and  514.  Upon  the  capability  of  the  machine  to 
ink  the  engraved  plates  effectively  depends  its  usefulness ;  and  herein 
lay  the  main  difficulty,  and  the  reason  of  the  failure  of  previous 
attempts  at  improvement.  The  difficulty  was  much  enhanced  by  the 
circumstance  that,  in  using  the  ink  applicable  to  engraved  plates,  a 
portion  of  it  becomes  thickened  and  unfit  for  immediate  use.  In  the 
ordinary  hand-inking,  this  thickened  ink  collects  in  a  ring  on  that 
part  of  the  dabber  which  barely  comes  into  contact  with  tho  plate 
during  the  inking ;  and  this  requires  to  be  removed  occasionally  from 
the  dabber  by  a  knife  or  scraper,  otherwise,  by  its  mixing  with  the 
fresher  ink,  the  quality  of  the  work  would  be  injured.  In  experiments 
made  preliminary  to  constructing  the  present  machine,  a  cylindrical 
roller  was  used  for  inking  the  plates  by  hand,  and  was  supplied  with 
ink  from  a  perforated  surface,  through  which  the  ink  was  caused  to 
exude ;  and  it  was  found  that  the  thickened  ink,  technically  termed 
"gatherings,"  adhered  at  first  to  the  perforated  surface  between  the  perforations,  and  afterwards, 
when  the  film  had  arrived  at  a  certain  thickness,  it  was  transferred  bodily  to  the  surface  of  tho 
inking-roller.  These  experiments  led  to  the  adoption  of  the  following  inking  apparatus  : — 

The  short  cylinder  P,  Figs.  513  and  514,  containing  the  supply  of  ink,  is  fitted  with  a  piston, 
the  rod  of  which  is  a  screw  that  projects  below  the  cylinder,  as  shown  in  Fig.  513.  The  upper  end 
of  the  cylinder  expands  into  a  horizontal  rectangular  tray,  rather  larger  in  size  than  the  plate  to 
be  inked ;  and  this  tray  is  covered  with  a  flat  plate  of  steel,  perforated  with  a  number  of  small 
holes.  The  piston  is  slowly  raised  by  the  screwed  piston-rod  and  the  bevil-wheels  Q,  and  ratchet- 
wheel  R.  In  order  to  charge  the  cylinder  with  ink,  the  piston  is  lowered,  and  the  perforated  top 
plate  removed  for  fill  ing  in  the  ink ;  and  on  replacing  the  top  the  piston  is  raised  until  the 
ink  exudes  through  the  perforations  in  the  top  plate,  the  lowering  and  raising  of  the  piston  being 
effected  by  hand  by  a  winch  upon  the  spindle  of  the  ratchet-wheel  R.  The  supply  of  ink  during 
the  working  of  the  machine  is  kept  up  by  the  lever  T  from  the  cam-shaft,  Fig.  514,  acting  on 
the  ratchet-wheel  R,  a  small  but  sufficient  quantity  of  ink  being  in  this  way  forced  up  through  the 
perforated  surface  for  every  plate  inked  by  the  inking-roller  C. 

The  inking-roller  C,  shown  enlarged  in  Figs.  516,  517,  and  518,  is  formed  of  a  number  of  discs 
of  woollen  cloth,  screwed  tightly  together  upon  a  spindle  and  finished  in  the  lathe.  It  is  worked 
to  and  fro  continually  without  intermission  by  the  rack  and  sector  B.  This  rack  slides  on 
a  cylindrical  rod  D,  which  allows  the  frame  E,  carrying  the  roller,  to  be  raised  and  lowered 
sufficiently  to  cause  the  inking-roller  either  to  apply  ink  to  the  engraved  plate  on  the  polygon  A 
above,  as  shown  in  Figs.  516  and  517,  or  to  descend  and  roll  on  the  inking-table  P  below,  for  obtain- 
ing a  fresh  supply  of  ink,  as  shown  in  Fig.  519.  The  roller  is  held  up  for  inking  the  polygon  by 
the  weighted  lever  G,  having  an  adjustable  weight ;  and  on  the  pressure  of  this  weight  being  re- 
moved at  the  proper  moment  by  a  cam,  the  roller  C  drops  and  rolls  upon  the  ink-table  P  with  its 
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own  weight,  and  that  of  the  frame  E,  as  shown  in  Fig.  516.  It  thus  takes  up  a  fresh  supply  of  ink. 
while  the  polygon  is  turned  through  one-tenth  of  a  revolution  so  as  to  bring  the  next 'engraved 
plate  round  into  position,  ready  to  be  inked  when  the  inking-roller  is  raised  again  by  the  lever  Q 


617. 


sis. 


As  the  ink  is  transferred  from  the  perforated  inking-table  P  to  the  inking-roller  C  in  a  series 
of  dots  through  the  holes  in  the  inking-table,  the  engraved  plates  would  be  inked  in  a  similar  aud 
therefore  imperfect  manner ;  but  this  is  prevented  by  the  application  of  the  two  small  distributing- 
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rollers  II,  which  are  pressed  in  contact  with  the  inking-roller  by  springs.  One  of  these  dictri- 
but ing-rollers  simply  revolves  in  contact  with  the  inking-roller ;  but  the  other  has  on  one  of  it* 
bearings  a  screw,  which  gives  it  an  end-traversing  motion  in  addition  to  the  rotary  motion ;  and 
thus  the  ink  coming  to  the  roller  in  dots  is  equalized  over  its  entire  surface,  and  the  inking  of  the 
engraved  plates  is  rendered  uniform. 

The  occasional  removal  of  the  thickened  ink  from  the  surface  of  the  inking-table  P  u  pro- 
vided for  by  the  arrangement  shown  in  Fig.  519.  The  ink-scraper  J  is  shown  in  the  position  w  h>  n 
out  of  action,  and  H  is  the  lever  and  M  the  connecting-rod  for  communicating  the  requiml  motion 
to  it  from  the  cam  N.  On  the  scraper  beginning  to  move  across  the  inking-table  P  from  the  posi- 
tion shown  at  J  in  the  drawing,  a  small  cam  at  each  end  causes  it  to  rise  and  so  to  pass  Hoar  «'\ .  r 
the  table  without  scraping ;  while  in  the  return  motion  the  scraper  descends  into  contact  with  tho 
table,  and  pushes  before  it  the  thickened  ink,  which  falls  into  a  trough  placed  to  n-ccivc  it 

If  the  scraping  were  to  be  performed  once  for  every  impression  printed,  then  it  would  only  bo 
required  to  allow  the  cam-roller  at  the  end  of  the  lever  H  to  remain  continually  in  tin-  I;T<*-\<-  <•(" 
the  cam  N.  But  as  it  is  required  that  the  scraping  should  be  performed  only  occasionally,  or  once 
for  every  thirty-six  impressions  or  revolutions  of  the  cam-shaft,  the  following  arrangement  in 
adopted.  At  O  is  a  latch,  which  so  long  as  it  is  not  raised  holds  tho  connecting-rod  M  | 
outwards  laterally,  so  that  the  cam-roller  is  out  of  the  cam-groove  N.  The  ratcln  t  win ••  1  <^  hnn 
seventy-two  teeth,  and  is  carried  forwards  one  tooth  for  every  impression  by  the  pawl  R,  whirli  in 
actuated  by  the  cam  shown  by  the  dotted  line.  Attached  to  the  ratchet-wheel  is  a  disc  S.  liming 
only  two  notches  T  T  in  its  circumference ;  and  U  is  a  rocking-frnmo.  rocking  on  a  pin  nt  it*  : 
end,  and  having  on  the  upper  part  a  projecting  finger,  which  is  caused  by  the  weight  W  t<>  prow 
continually  against  the  edge  of  the  disc  S.  V  is  a  bolt,  worked  up  and  down  at  earh  revolution  of 
the  cam-shaft  by  the  same  lever  and  cam  that  work  the  pawl  R  of  the  ratchet-wheel.  The  upper 
end  of  this  bolt  slides  iu  the  rocking-frame  U ,  and  so  long  as  the  finger  is  on  the  edge  of  the  di«o 
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S,  tlio  bolt  V  rises  and  falls  just  clear  of  the  latch  O,  as  shown  in  tho  drawing,  so  that  it  produces 
no  action. 

But  onoe  for  every  thirty-«ix  impressions  of  the  machine,  tho  finger  of  the  rocking-frame  U 
niton  one  of  the  notches  T  in  the  disc,  and  the  rocking-frnmo  falling  forwards,  tilts  the  1«>H  V 
into  tho  position  indicated  by  tho  dotted  line,  when  the  next  fining  <>f  the  bolt  lifts  tin-  hitch  O,  as 
shown  by  the  dotted  line.  Tho  cam-roller  is  now  thrown  into  tin-  cam-groove  N  by  tin-  hit.  ml 
pressure  of  the  spring  lover  II.  and  tho  scraping  of  the  inking-tablo  1*  is  performed*  mice  by  the 
revolution  of  the  cam  N.  At  tho  end  of  tho  revolution  tho  cam-roller  is  thrown  out  of  the  e;mi- 
groove  N  by  the  inclined  stop  X  at  tlio  end  of  tho  groove,  and  is  instantly  held  out  by  the  drop- 
ping of  tho  lutfh  <);  and  before  tho  bolt  V  again  rises,  the  ratchet-wheel  Q  has  boon  turned 
forwards  one  tooth,  so  that  the  finger  of  the  rocking-framo  U  is  again  out  of  the  notch  T,  ;m<l 
therefore  the  bolt  V  rises  clear  of  tho  latch  O,  and  ceases  to  lift  it  for  tho  next  thirty-six 
impressions. 

I'.A  U.     FB.,  Bam;  GEB.,  Stab ;  ITAL.,  Scanno,  Banco  di  rend;  SPAN.,  Barra. 

A  bar  is  a  piece  of  wood,  metal,  or  other  solid  matter,  long  in  proportion  to  its  diameter 
or  width.  A  bank  of  sand,  gravel,  or  other  mutter  forming  a  shoal  at  tho  mouth  of  a  river  or 
harbour,  obstructing  entrance  or  rendering  it  difficult,  is  called  a  bar. 

The  term  is  also  applied  to  an  ingot,  lump,  or  wedge  of  metal  from  the  mines,  run  in  a  mould 
and  unwrought. 

BARBETTE.  FB.,  Barbette;  GEB.,  Geschutzbank,  fritsche  ;  ITAL.,  Barba,  Parapetto  a  barba, 
Arti'ilieria  in  barba  ;  SPAN.,  Barbetta. 

See  ORDNANCE. 

BARGE-BOARD.  FB.,  Flache  dosse;  GEB.,  Schwarte,  Schillstuck;  ITAL.,  Fasciamc  oTaggetto  del 
tftto ;  SPAN.,  Gvarda  Malletas. 

A  barge-board,  or  verge-board,  is  a  board,  more  or  less  ornamental,  attached  to  the  gable  ends 
of  a  roof,  chiefly  in  old  English  houses,  to  hide  the  ends  of  the  horizontal  timbers,  and  to  pi 
from  the  weather  the  under-side  of  the  barge-course,  which  is  usually  boarded  or  plastered. 

BARGE  -  COUPLES.  FB.,  Chevron  exte~rieur  ;  GEB.,  Aussere  Sparren;  ITAL.,  Puntoni  che 
aggettono. 

Barge-couples  are  tho  rafters  placed  under  the  barge-course,  which  servo  as  grounds  for  the 
targe-boards,  and  carry  the  plastering  or  boarding  of  the  soffits. 

BARGE-COURSE.  FB.,  Battellcment;  GEB.,  Traufziegelreihe;  ITAL.,  Filare  d'aggetto  del  tetto; 
SPAN.,  Boquillas. 

The  barge-course  is  that  part  of  the  tiling  or  slating  of  a  roof  which  projects  over  the  gable  of 
s  building.  The  term  is  also  applied,  when  there  is  no  projection,  to  a  coping  of  stone  or  brick 
laid  above  the  tiling  or  slating  along  the  sloping  sides  of  the  gable.  A  fillet  of  cement  is  usually 
run  along  the  inside,  to  cover  the  junction  between  it  and  the  slating. 

BARLEY-DRESSING  MACHINE.  FB.,  Machine  a  prtparer  Forge;  GEB.,  Maschine  zum 
Zurichten  der  Gcrste ;  ITAL.,  Macchina  a  preparare  Forzo. 

Figs.  520,  521,  represent  a  machine,  designed  by  J.  T.  Poyser,  for  screening  and  dressing 
barley  and  removing  the  broken  grains.  The  barley  to  be  dressed  is  placed  in  the  hopper  X, 
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Fig.  520;  this  hopper  has  an  opening  at  the  bottom  provided  with  a  slide,  by  which  the  amount 
of  grain  allowed  to  pass  through  can  be  regulated.  In  falling  from  the  hopper,  the  grain  is  sub- 
jected to  the  blast  of  a  fan,  which  removes  the  dust,  smut,  &c.  The  grain  is  received  on  an 
inclined  board  which  delivers  it  on  to  the  screen  A ;  this  screen  is  mounted  in  a  frame,  which  has 
a  rapid  reciprocating  motion  imparted  to  it  in  an  inclined  direction,  by  being  coupled  by  rods  to  a 
crank  on  a  transverse  shaft. 

The  groin  is  delivered  on  to  the  screen  A,  and  any  beans,  peas,  stones,  &c.,  which  mny  be 
mixed  with  it,  pass  over  this  screen  and  down  on  to  a  second  screen  C,  over  which  they  also  pass  in 
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a  passage  leading  to  the  shoot  K,  where  they  are  delivered.  The  shoot  K  is  provided  with  an 
inclined  perforated  plate,  which  eifects  the  separation  of  any  stray  corn  which  may  have  passed 
over  the  screens,  A  and  C,  with  the  refuse,  the  latter  passing  over  the  inclined  perforated  pinto  in 
the  shoot,  and  being  delivered  on  one  side  of  the  machine,  whilst  the  grain  passes  through  tho 
plate  and  is  delivered  on  the  opposite  side.  The  refuse  which  passes  over  the  plate  C  ia  prevented 
from  clogging  the  passages  leading  from  the  lower  end  of  that  plate  to  the  spout  K,  by  causing  it 
to  separate  and  pass  on  either  side  of  circular  blocks  of  wood  plnccd  opposite  these  passages  and 
between  the  plates  C  and  B.  These  blocks  are  shown  in.  the  plan  and  section  of  the  perforated 
plate  C,  Figs.  520  and  521,  and  they  not  only  serve  the  purpose  we  have  mention. •«!,  but,  by 
retarding  the  progress  of  the  refuse,  cause  the  corn  to  be  more  effectually  separated  from  it. 

The  screen-plates,  A  and  C,  have  shallow  transverse  bars  on  their  upper  sides,  and  they  aro 
perforated  with  openings  of  sufficient  size  to  permit  of  the  passage  through  them  of  the  grains  of 
barley.  The  grain  which  passes  through  the  screens  is  received  by  the  plain  zinc  trays,  11  and  E, 
and  by  them  delivered  on  to  the  perforated  plate  F.  This  plate  is  provided  with  tm'nsvt TM-  bars 
on  its  upper  side,  and  over  it  the  grain  passes  down  to  the  screen  G,  which  ia  without  transverse 
bars,  but  which  is  subjected  to  the  action  of  a  series  of  rollers.  A  portion  of  tho  broken  and 
damaged  corn  and  refuse  matters  of  a  smaller  size  than  the  grains  of  barley  pass  through  the  plate 
F  and  fall  upon  the  inclined  board  H,  down  which  they  are  led  to  the  perforated  plate  L,  which  U 
provided  with  transverse  bars.  The  damaged  corn  and  small  refuse  matters  fall  through  this  plate 
on  to  the  plate  N,  which  leads  them  to  the  perforated  and  ribbed  plate  O,  through  which  tin  y  fall 
on  to  the  last  perforated  screen  P,  any  refuse  passing  through  this  screen  being  delivered  beneath 
the  machine 

Any  good  barley  which  may  have  been  delivered  through  the  screen  F,  and  over  the  pinto  H, 
to  the  screen  L,  passes  over  that  screen  to  the  plain  plate  M,  which  carries  it  forward  and  doliwru 
it  on  to  the  screen  Q.  This  screen  also  receives  any  good  grain  which  may  have  been  separati  .1 
from  the  light  and  broken  grain  during  its  passage  over  the  inclined  plate  N,  and  the  perforated 
plates  O  and  P.  The  best  barley  passes  over  the  perforated  plate  Q,  into  the  spout  8,  whilst  that 
which  passes  through  the  perforated  plate  is  received  by  a  plain  plate,  which  conducts  it  to  tho 
epout  R,  by  which  it  is  delivered  at  the  side  of  the  machine  as  a  second  sample. 

We  must  now  return  to  the  grain  which,  passing  over  the  perforated  plate  F,  is  delivered  to 
that  marked  G.  Whilst  passing  over  this  latter  screen,  it  is  subjected  to  the  action  of  a  scries  i-f 
small  wooden  rollers  covered  with  india-rubber,  the  axes  of  these  rollers  being  carried  in  slotted 
holes  in  a  pair  of  side-rails  in  such  a  manner  that  the  rollers  are  free  to  rise  and  allow  the  grain 
to  pass  beneath  them.  The  side-rails  just  mentioned  are  supported  by  brackets,  which  pass 
through  long  slots  in  the  sides  of  the  movable  frame  carrying  the  screens,  and  are  bolted  to  the 
main  frames  of  the  machine,  so  that  the  rollers  have  no  reciprocating  motion,  the  screen-plate  G 
passing  to  and  fro  under  them. 

BARN  MACHINERY.  FB.,  Machines  employees  dans  les  femes ;  GEB.,  Lanchcirth  schaftliche 
Apparate ;  ITAL.,  Macchine  impiegate  nelle  cascinc. 

Barn  machinery  may  be  divided  into  the  following  classes, — threshing  and  dressing  apparatus 
for  grain;  mills  and  flour-dressing  apparatus;  corn-crushing,  straw-chopping,  and  root-cutting 
implements. 

Fig.  522  shows  a  longitudinal  section  of  a  Portable  Threshing  Machine.  The  sheaves  of  com 
having  been  unbound,  are  passed  to  the  feeder,  who  stands  in  the  dickey  A,  and  shakes  tho  straw 


loose  into  the  mouth  of  the  machine  B ;  here  it  meets  the  drum  C  revolving  at  a  high  velocity, 

which  carries  it  over  the  concave  or  breastwork  D,  beating  out  the  grain  from  the  earn 

falls  through  the  breastwork  D,  while  the  straw  is  thrown  off  into  the  ohUBMt  K.  whem-e 

is  taken  forward  by  the  shakers  F  F,  and  thrown  over  the  straw-board  G.    The  shakers  F  by  tl 

motion  also  separate  the  straw,  and  allow  any  grain  that  may  have  boon  thrown  off  from  th.-  .Ir.i 

with  the  straw  to  fall  on  to  the  shock-board  or  shogging-bonrd  H,  whence,  by  menus  of  tl 

given  to  the  shogging-board  from  the  crank-shaft  I,  through  tlio  oOBaeetfeg-lod  -T.  it 

to  the  riddle-board  K,  to  which  an  opposite  motion  is  communicat.-d  by  tin-  (rftMf  MBMN 

from  an  opposite  crank  on  tho  shaft  I,  tho  two  boards,  U  and  K,  advancing  to  each  ol 
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receding  simultaneously,  both  being  suspended  by  links  to  the  framing,  and  swinging  loosely 
between  the  sides  of  the  machine. 

The  grain  that  passes  through  the  breastwork  D  is  guided  by  the  bent  plate  M,  so  as  to  fall 
upon  the  top  end  of  the  riddle-board  K.  In  working  the  machine,  many  heads  and  short  straws 
fell  from  the  breastwork  and  shakers,  and  a  coarse  riddle  or  perforated  plate  is  put  on  the  top  of 
the  riddle-board  K  to  take  them  out  from  the  corn;  these  "  cavings,"  as  they  are  called,  pass  over 
the  end  of  the  board  K,  and  fall  down  the  caving-board  N.  The  corn  and  all  smaller  substances, 
chaff,  and  so  on,  pass  through  the  top  riddle,  and  down  an  inclined  board  on  to  a  second  riddle  (),  of 
a  finer  mesh  or  perforation  ;  here  they  meet  a  blast  of  air  from  the  fan  or  blower  P,  which  blows 
away  the  chaff  through  the  opening  Q,  while  the  grain  which  is  heavier  falls  into  the  spout  U. 

The  grain  is  thence  carried  away  by  the  elevator  S,  Figs.  523,  525.  This  is  composed  of  a 
number  of  tins  or  cans  T  fixed  on  a  belt  U,  which  works  over  two  pulleys  V  V,  one  at  the  top  and 
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the  other  at  the  bottom.  The  spout  R  of  the  threshing  machine  delivers  the  corn  into  the  bottom 
shoe  of  the  elevator :  the  cans  T,  being  carried  round  by  power  applied  through  a  belt  to  the 
spindle  of  the  top  pulley,  take  up  the  grain,  and  in  turning  over  the  upper  pulley  discharge  it 
into  the  spout  W,  Fig.  524,  which  forms  a  hopper  for  it ;  thence  it  passes  to  the  next  process. 

The  drum  C,  Fig.  522,  of  the  threshing  machine,  is  shown  in  four  modifications  in  Figs.  526  to 
533.  That  shown  in  Fig.  526  is  composed  of  rings  A,  supported  by  arms  B ;  on  these  are  fixed  the 
wood-beaters  C  shod  with  iron,  having  a  filling-piece  D,  also  plated  with  iron,  inserted  in  front  of 
each  beater,  to  prevent  the  straw  being  carried  round  with  the  drum  instead  of  being  passed  away. 
Fig.  527  shows  a  close  drum  made  of  plate  arms  B  and  angle-iron,  with  angle-iron  beaters  C  having 
wood  supports.  Fig.  528  represents  a  drum  now  in  use,  having  wood-beaters  C,  over  which  wires 
E  are  strained ;  on  the  top  of  these  are  bolted  the  beater-plates  F,  which  are  grooved  in  the 
face,  as  shown  in  Fig.  529,  the  object  of  the  grooves  being  to  allow  the  grain  to  pass  into  them,  and 
prevent  it  from  being  broken,  as  was  the  case  with  plain  straight  beaters. 

The  breastwork  D,  Fig.  522,  is  shown  in  detail  in  Fig.  528.  It  consists  of  a  frame  made  in  two 
portions,  the  upper  part  from  G  to  H  being  of  wood,  and  the  lower  part  from  H  to  I  of  iron ;  these 
are  carried  by  iron  rods  passing  across  the  machine  at  the  three  points  G,  H,  and  I,  which  afford 
the  means  of  adjusting  the  position  of  the  breastwork  by  means  of  screw  adjusting-pieces  at  the 
sides  of  the  machine,  so  as  to  bring  it  nearer  to  or  farther  from  the  drum,  as  may  be  required.  The 
adjustments  at  G  and  H  being  horizontal  sliding  adjustments,  and  that  at  I  vertical,  a  slot  J  is  re- 
quired at  the  outer  extremity  of  the  frnme,  in  which  the  rod  I  works.  The  distance  between  the 
breastwork  and  drum  is  gradually  contracted  from  the  top  towards  the  bottom,  to  ensure  the  whole 
of  the  straw  being  exposed  to  the  action  of  the  drum ;  this  distance  its  sometimes  about  1 J  in.  at  the 
top,  and  reduced  to  only  £  in.  at  the  bottom,  but  the  adjustment  is  dependent  upon  the  state  of  the 
grain.  The  upper  half  of  the  breastwork  is  furnished  with  transverse  strips  or  ribs  of  wrought 


BAEN  MACHINERY. 


225 


the  straw  from  getting  through.    The  lower  half  of  the  breast  work  L 
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covered  with  wire.  Strips  of  bar-iron  L  rolled  with  one  or  two  longitudinal  grooves  are  fastened 
on  the  wooden  frame  of  the  breastwork,  projecting  slightly  to  prevent  the  straw  from  passing  too 
quickly  without  being  thoroughly  threshed.  The  straw  is  guided  from  the  breastwork  to  the 
shakers  by  the  plate  M. 

Another  plan  of  breastwork,  invented  by  Barrett,  Exall,  and  Andrewes,  is  shown  in  Fig.  530, 
formed  by  a  series  of  flat  bars  D,  held  in  their  places  by  the  sides  of  the  machine  in  which  slots  are 
cast ;  the  bars  are  all  moved  together,  to  or  from  the  drum  A,  by  a  worm-plate  E,  Figs.  531,  .r>::J. 
in  which  their  ends  rest,  and  are  thus  adjusted  to  the  required  distance  from  the  drum.  The  plan 
of  drum  adopted  in  connection  with  this  breastwork  is  also  worth  notice,  as  being  new,  simple,  and 
efficacious.  Three  or  more  sets  of  arms  B  are  keyed  on  the  spindle,  each  set  being  completed  by  a 
Loop  A  on  the  outside,  on  which  are  fixed  the  wrought-iron  beater-plates  C,  of  the  form  shown 
in  Fig.  530.  The  beater-plates  are  made  of  flat  iron,  rolled  or  pressed  into  the  shape,  with  the 
spaces  F  cut  in,  as  shown  in  Fig.  533,  so  that  any  grain  they  may  collect  may  pass  into  the  drum 
until  it  can  find  its  way  again  to  the  breastwork  D.  This  beater  seems  to  be  more  perfect  in 
its  mechanical  construction  than  the  others,  where  wood  and  iron  are  used  together. 

Figs.  534  to  539  show  three  modifications  of  the  straw-shaker  F,  Fig.  522.  Figs.  534, 535,  repre- 
sent side-elevations  and  end-elevations  of  the  two  positions  of  a  "  rail-shaker,"  which  is  made  of  a 
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number  of  rails  or  bars  F  F  attached  alternately  to  two  frames  G  G,  actuated  at  l*>th  ends  bj Mlb« 
two  crank-shafts  H  ;  the  shafts  H  are  also  coupled  together  by  means  of  cranks  on  their  outer  cod* 
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ami  coupling-rods.     Figs.  53G,  537,  show  a  "  box-shaker,"  consisting  of  a  sot  of  boxes  F  F,  covered 
with  perforated  sheet  iron,  or  with  sloping  stripa  of  thiu  hoop-iioii,  aa  shown  dotted ;  the  boxes 
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are  carried  at  one  end  by  radius-links  G,  and  the  other  ends  are  attached  to  double  cranks  on  the 
shaft  H,  which  give  the  alternating  movement,  the  boxes  thus  rising  and  falling  to  receive  or 
i  !•  li\vr  the  straw  the  one  to  the  other,  and  the  rotary  motion  of  the  cranks  also  carrying  it  forwards, 
aa  in  the  former  case. 

An  improvement  upon  these  two  methods  is  shown  in  Figs.  538,  539.     The  great  fault  of  the 
rail-shaker  consists  in  its  passing  so  many  straws  through ;  while  the  objection  to  the  box-shaker 
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is,  that  any  grain  that  has  been  thrown  by  the  drum  to  the  outer  end  of  the  chamber  E,  Fig.  522, 
is  carried  along  with  the  straw  over  the  end  of  the  shaker,  in  consequence  of  the  vertical  motion  of 
the  crank  being  reduced  at  that  point,  and  becoming  only  a  horizontal  or  longitudinal  motion  at  the 
end.  To  obviate  these  defects,  the  new  shaker,  Figs.  538,  539,  was  invented  by  James  Good.  The 
principle  on  which  this  is  constructed  differs  from  that  of  the  ordinary  box-shaker,  Figs.  536,  537, 
in  this  respect,  that  while  the  latter  has  the  crank-bearings  at  the  same  end  for  all  the  boxes  and 
the  radius-links  G  at  the  other  end,  in  Good's  shaker  the  boxes  are  supported  by  the  links 
alternately  at  opposite  ends,  the  crank-shaft  H  being  thus  between  the  links  G ;  or,  in  other  words, 
the  crank-shaft  H  may  be  said  to  be  moved  to  the  middle  of  the  length  of  the  boxes,  and  half  of 
the  boxes  to  be  then  turned  round  end  for  end.  Thus,  while  the  ends  that  are  attached  to  the 
links  close  to  the  drum  rise  only  so  much  as  is  due  to  the  vibration  of  the  rocking-links,  the  ends 
of  the  other  boxes  have  a  considerable  lift  imparted  to  them  from  the  crank ;  in  the  centre  of  the 
length  of  the  boxes,  just  over  the  crank-shaft  H,  the  lift  and  throw  are  the  same  as  in  the  most 
effective  part  of  the  old  shaker ;  and  again  at  the  outer  end  the  straw  ia  tossed  by  the  loose  ends 
of  the  boxes,  while  only  a  passing  or  horizontal  motion  is  given  by  the  others.  This  is  known  aa 
the  "  cross-shaker,"  owing  to  the  boxes  moving  crosswise,  or  alternately  up  and  down. 

There  is  another  shaker,  invented  by  T.  and  H.  Brinsmead,  the  features  of  which  are  different 
from  those  of  every  other.  Immediately  over  an  inclined  plane  of  wood,  and  sufficiently  above  it 
to  allow  them  to  revolve  without  touching  it,  are  placed  transversely,  and  therefore  horizontally, 
a  series  of  triangular  prisms  of  wood,  armed  at  their  edges  with  curved  iron  teeth,  so  arranged  that, 
as  the  prisms  revolve,  the  teeth  of  each  pass  between  those  of  the  two  adjoining  prisms.  The 
prisms  being  made  all  to  revolve  simultaneously  in  one  direction,  either  by  cranks  on  the  ends 
of  the  spindles  coupled  together  by  one  rod,  or  by  a  train  of  wheels,  the  straw  which  falls  on 
those  at  the  lower  end  of  the  plane  is  tossed  and  carried  upwards  by  the  action  of  the  teeth  as  they 
rise,  which  also,  as  they  pass  down  again  between  the  teeth  of  the  prism  next  above,  deliver  the 
straw  on  to  these  last,  and  sweep  down  to  the  bottom  of  the  plane  the  corn  and  any  short  straw 
that  has  fallen  through.  At  the  bottom  of  the  plane  is  a  curved  wire-netting,  through  which 
the  corn  readily  passes,  but  which  stops  the  passage  of  any  straw ;  and  the  revolving  teeth  of  the 
lowest  prism  rake  up  the  straw  again  as  it  accumulates,  and  toss  it  upwards  and  onwards  aa 

In  the  shaker  shown  in  Fig.  522  there  are  five  boxes,  two  working  on  links  at  the  end  of  the 
machine,  and  the  three  alternate  boxes  vibrating  on  links  at  the  end  nearest  the  drum ;  the  inner 
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ends  of  the  latter  are  prolonged,  to  allow  for  the  throw  of  the  crank,  and  are  attached  by  means  of  an 
angle-iron  to  a  cross-bar  Z,  extending  across  the  machine,  and  carried  by  two  links  out*]  b£ 
framing,  one  on  each  side,  as  shown  dotted,  thus  avoiding  any  link*  inside  the  machine. 

The  slogging-board  Hand  the  riddle-board  K,  Fig.  522,  were  originally  in  one  length-  and 
the  vibration  then  caused  by  this  angle  piece  moving  backwards  and  forwards  impede,!  the  i'ntn 
auction  of  portable  machines.    They  were,  however,  afterwards  parted  into  two  Cngths.  and  i! 
the  present  machine  the  motion  of  the  two  boards  in  opposite  directions  neutralized  the  dlturbC 
effect  of  the  reciprocating  weight  of  both. 

The  elevator  8,  Figs  523,  525  has  been  already  described  in  a  form  generally  in  QM. 
Another  kind  of  elevator  also  in  nse  is  formed  of  sheet  iron  bent  round  a  spindle  in  a  spiral  form 
working  in  a  trough  curved  to  the  radius  of  the  outside  of  the  worm,  and  touching  it,  tliu 
winding  the  com,  &c  that  falls  into  the  trough,  by  means  of  the  worm,  up  the  spout ;  but  as  i t  raiut 
necessarily  be  kept  at  only  a  slight  inclination,  this  elevator  is  not  so  general  in  ite  application  L 
that  previously  described,  nor  nearly  so  cheap  in  construction 

From  the  spout  W,  Figs.  523,  524,  the  grain  is  delivered  into  the  hopper  X  of  the  com- 
dressing  machine,  and  thence  into  the  barley-homer  Y,  which  is  shown  more  fully  in  Pigs  540  to 
543.  It  is  here  subjected  to  the  action  of  a  number  of  knives  fixed  on  a  spindle,  which  loosen  the 
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husks  or  whites  of  the  wheat  and  cut  the  ears  or  horns  off  the  barley.  Independently  of 
the  inclined  position  of  the  barley-homer,  the  grain  is  kept  in  motion  by  the  "  set "  of  the  knives, 
•which  are  in  a  spiral  form.  Motion  is  given  to  the  spindle  by  a  pulley  fixed  on  the  end. 

The  grain  and  loose  ears  pass  from  the  barley-homer  into  the  mouth  B  of  the  dressing  machine, 
nnd  are  met  in  their  descent  by  a  current  of  air  from  the  fan  or  blower  P,  which  clean  the  grain 
of  all  chaff  and  ears  that  may  have  been  left  in  it ;  the  grain  falling  upon  the  inclined  board  M  is 
conducted  to  the  riddle  K,  which  is  carried  upon  the  links  A  A,  Fig.  523,  and  has  motion  com- 
municated to  it  by  the  crank  at  the  end  of  the  spindle  C.  Any  stones  or  ears  that  may  have  got 
in  are  here  taken  out,  and  pass  over  the  riddle  K  into  the  spout  D,  whence  they  are  conducted 
into  the  delivery-spout  E.  The  grain,  on  falling  through  the  riddle,  is  caught  by  a  fine  wire-deTe 
O,  through  which  all  small  seeds  pass,  and  are  carried  also  to  the  spout  E.  The  grain  passing 
over  this  sieve,  is  swept  by  a  current  of  air  taken  from  the  back  of  the  blower  P  by  the  passage  F, 
by  which  it  is  effectually  cleaned  of  any  lighter  seeds  that  may  be  too  largo  to  pass  through  the 
sieve,  and  also  of  any  chaff  that  may  have  been  loosened  from  the  grain  by  the  riddling.  The  board 
G  carries  the  grain  to  the  mouth  of  the  revolving  sieve  or  screen  H,  which  receives  a  rotary  moti'-n 
from  the  wheels  J.  The  small  imperfect  corn,  or  "  light "  corn,  falls  through  the  first  meshes  into 
the  spout  L ;  the  mesh,  being  then  altered  and  widened,  allows  the  broken  corn  and  a  larger  sue, 
or  "  tail "  com,  to  fall  through  into  the  spout  N ;  while  nothing  but  the  best  corn  can  find  it*  way 
to  the  spout  Q.  A  simple  apparatus  is  here  fixed,  consisting  of  a  weighing  machine  with  roda  and 
bell-cranks,  so  arranged  as  to  shut  off  the  delivery  and  ring  a  bell  when  the  scale  falls.  A  bushel 
of  corn  weighs  60  Ibs. ;  four  bushels  make  a  sack ;  and  the  weight  of  the  saok  itself  boing  7  lb«., 
247  Ibs.  is  therefore  the  weight  to  be  put  in  the  scale ;  the  empty  sack  is  held  open  to  the  spout  Q 
by  means  of  rods  fixed  on  this  scale  of  the  machine.  When  the  four  bushels  of  corn  are  delivered, 
the  scale  falls,  loosing  the  catch  of  the  slide,  which  immediately  shuts,  and  allows  a  bell  that  IIM 
hitherto  rested  upon  the  top  of  it  to  swing  clear,  and  ring,  thus  calling  the  attendant  to  put  a  fnu 
sack  on  and  reopen  the  slide. 

The  whole  process,  from  the  time  when  the  corn  in  the  straw  is  fed  to  the  threshing  machine, 
Fig.  522,  to  the  time  when  the  grain,  dressed  and  sorted  for  market,  is  sacked  in  half-quarter  qua: 
tities  from  the  spout  Q,  Fig.  524,  is  thus  entirely  self-acting ;  and  in  this  time  the  following  wpam- 
tions  are  made : — straw,  cavings,  chaff,  seeds,  light  corn,  tail-corn,  best  corn ;  besides  d 
must  inevitably  be  mixed  up  with  the  straw  at  first,  and  which  is  blown  away  in  the  pro 
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The  portable  threshing  machine  ia  now  BO  arranged  as  to  combine  the  dressing  and  separating 
process  with  the  threshing  and  winnowing  in  ono  machine. 

The  riddle-boards  K  mid  (),  Fig.  522,  arc  divided  longitudinally  and  vertically  into  two  parts, 
as  is  also  tho  blower  or  fan  P,  thus  forming  two  distinct  nets  of  blowers  and  riddloH.  The  corn 
passing  through  the  first  set,  arrives  at  the  spout  R,  as  before  described,  from  which  it  is  taken  up 
by  elevators,  and  jmssi-d  into  the  hopper  of  a  barley-horner  Y,  placed  under  the  dickey  A  of 
the  portable  machine.  It  is  thus  passed  to  tho  other  side  of  the  machine,  where  it  falls  down  in 
front  of  the  second  half  of  tho  divided  blower,  corresponding  to  the  blower  P  in  Fig.  524,  upon 
the  new  or  second  set  of  riddles,  corresponding  to  the  riddles  K  and  O  in  the  same  figure,  down  t»  :i 
second  spout  corresponding  to  the  spout  R  on  the  other  side  of  the  machine.  It  is  here  again  taken 
up  by  another  set  of  elevators,  and  discharged  into  the  hopper  B  of  the  separator,  Figs.  544,  545, 
passing  through  the  revolving  screen  H,  and  lieim:  <1.  In .  n-d  as  before,  the  light  corn  by  the  spout 
1..  the  tail  at  N,  the  best  at  Q,  and  the  seeds  and  dirt  at  E  £. 

In  this  separator  a  blower  P  is  fixed,  either  above  the  machine  and  screen-case  H,  to  blow  all 
chaff  and  seeds  out  before  passing  into  tho  screen,  as  in  Fig.  544,  or  at  the  end,  as  in  Fig.  545.  In 
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the  latter  plan,  shown  in  Fig.  545,  the  corn  is  subjected  to  the  action  of  the  blast  while  on  the 
screen  and  in  falling  from  it.  The  arrangement,  however,  shown  in  Fig.  544,  introduced  by 
Clayton,  Shuttleworth,  and  Co.,  is  found  to  be  an  improvement,  and  has  been  adopted  in  place  of 
the  other  arrangement.  The  plan  first  tried  was  to  blow  up  the  screen ;  then  under ;  then  up  and 
under ;  but  in  the  last  plan  the  chaff  and  light  corn  are  blown  out  before  reaching  the  revolving- 
screen  H,  consequently  power  is  saved ;  and  experience  shows  that  a  better  sample  is  obtained  by 
this  arrangement.  In  both  the  plans,  shown  in  Figs.  544  and  545,  brushes  Z  Z  are  fixed  above 
the  revolving  screens  H  to  keep  the  wires  clear.  The 
separating  apparatus  is  fixed  on  the  side  of  the  portable 
threshing  machine,  and  the  grain  is  delivered  in  the  same 
separations  as  enumerated  previously. 

The  action  of  threshing  is  still  supposed  by  many  to 
be  a  continuous  series  of  blows;  by  others  to  consist  of 
rubbing  between  the  beaters  and  the  surface  of  the  breast- 
work ;  and  by  others,  again,  to  be  the  combination  of  the 
two  actions. 

In  the  present  machines  in  this  country  the  straw  is  fed 
across  the  drum,  so  as  to  allow  the  drum  to  "  boult "  it,  or 
carry  it  through  without  twisting  or  breaking  the  straw, 
which  is  with  many  farmers  a  serious  consideration.  In  the 
old  and  in  the  present  American  machines,  the  straw  is 
broken  up  by  means  of  pegs  on  the  drum  and  breastwork ; 
but  as  the  Royal  Agricultural  Society  take  notice  of  the 
state  of  the  straw,  whether  it  is  broken  or  not,  it  has  become 
an  object  to  preserve  it. 

With  regard  to  the  riddles,  the  top  riddle-plate  K,  Fig. 
522,  is  coarse  in  the  openings,  to  allow  the  corn  to  pass 
through  freely;  the  second  riddle  O  is  finer;  and  in  the 
combined  machines  with  the  split-blower  and  riddles,  the 
third  and  fourth  riddles,  corresponding  to  K  and  O  in  Fig. 
525,  are  each  finer  than  the  one  before  it.  The  riddles  are 
sometimes  made  of  wire  netting,  and  sometimes  of  wood 
perforated  at  an  inclination ;  but  more  frequently  of  punched 
sheet  iron. 

The  next  process  through  which  the  grain  has  to  pass 
is  grinding,  breaking,  or  kibbling,  as  it  is  called,  according 
to  the  degree  of  fineness  of  the  meal  required.     Several 
methods  have  been  proposed,  but  the  old  plan  of  one  stone  revolving  above  another  which  is  fixed 
is  still  found  as  good  and  economical  as  any.    Fig.  546  shows  a  vertical  section  of  a  portable  corn- 
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mill  constructed  on  this  plan.  The  corn  being  fed  into  the  hopper  A,  ia  shaken  down  the  apout  B 
by  the  damsel  C,  working  against  the  spout,  into  the  eye  of  the  upper  or  running  stone  D  wht-ure 
it  gets  into  the  furrows  of  the  two  stones  D  and  E,  passing  out  from  them  as  meal  into  the  c^in-  F 
from  which  it  is  carried  off  by  the  spout  G.  Motion  ia  given  to  the  runner  D  from  the  pulk  "*  H 
through  the  shaft  I  by  means  of  the  mitre-wheels  J  to  the  vertical  spindle  K  •  at  the  too  of  the 
spindle  are  two  studs,  on  which  rides  the  casting  L,  which  in  its  turn  carries  the  ruunin"-«tone  D 
by  the  two  steps  O.  The  damsel  C  being  fastened  in  the  casting  L,  receives  motion  from  it  The 
bed-stone  E  is  adjusted  by  the  set  screws  M  M ;  and  the  screwed  wedges  N  keep  the  wood-pock  in •- 
against  the  spindle  K.  The  coarseness  or  fineness  of  the  meal  is  regulated  by  the  hand-whc.  1  f» 
working  a  worm-gearing  in  the  worm-wheel  Q,  which  is  keyed  on  the  top  of  a  brass  bush  resting  in 
an  outer  bush  or  seating,  with  a  square  thread  cut  in  the  two  buahes ;  thus,  by  turning  the  wheel 
P,  the  worm-wheel  Q  causes  the  inner  bush  to  turn  in  its  seat  on  the  thread,  thereby  rau,r 
lowering  the  spindle  K,  and  with  it  the  upper  stone  D.  The  hand-wheel  R  acts  as  a  nut  u^iAho 
screw  S,  raising  or  lowering  the  spout  or  shoe  B,  and  thus  diminishing  or  increasing  the  feed  to 
the  stones.  The  object  of  these  mills  on  farms  is  to  break  wheat,  barley,  oats,  &c.,  into  meal  for 
food  for  man  and  beast ;  it  is  only  worked  occasionally,  and  therefore  the  arrangements  for  cooling 
the  flour  and  meal  are  not  required. 

The  Flour-dressing  Machine  consists  of  a  case  containing  an  inclined  cylinder  of  wire  gnu/o 
of  various  degrees  of  fineness;  on  a  spindle  passing  along  the  centre  of  this  cylinder  are  fixed  by 
means  of  arms  keyed  on  it  a  set  of  brushes,  which  revolve  at  about  300  to  500  revolutions  j*  r 
minute.  The  meal  or  broken  com  is  passed  into  one  end  of  the  cylinder,  and  the  fine  Hour  fulla 
at  once  through  the  wire  into  the  first  compartment ;  by  means  of  the  brushes  and  alterations  in 
the  gauge  of  the  wire  five  or  six  separations  are  made. 

,  The  smaller  implements  forming  part  of  the  barn  works  are  of  modern  introduction,  and  have 
been  brought  forward  by  science  to  assist  the  practical  agriculturist.  Those  in  most  general  uso 
are — 

Linseed  and  Corn  crushers;  Chaff-cutters,  or  Straw-choppers;  Turnip-cutters  and  Root-cutters; 
Gorse  crushers  or  cutters  ;  Oilcake  crushers  or  breakers. 

The  Linseed  and  Corn  crushers  have  been  introduced  to  effect  a  saving  in  the  quantity  of  corn 
necessary  for  animals,  as  the  crushing  or  bruising  ensures  the  whole  of  the  nutriment  contained  in 
the  grain  being  rendered  available,  instead  of  the  animal  swallowing  the  food  without  projM-rly 
masticating  it.  The  process  is  simple;  the  grain  is  merely  passed  between  plain  or  gi. 
rollers,  crushing,  not  grinding,  being  the  object;  the  bulk  is  thereby  increased  at  least  oin-tliird, 
and  its  nutritive  power  in  the  same  ratio.  This  idea  is  really  of  very  old  date,  though  only  of 
recent  adoption,  having  been  recommended  by  Hartlib  in  1G50. 

The  Chaff-cutters  are  made  with  two  or  more  knives  shaped  concave  or  convex  towards  the 
edge,  and  fixed  on  a  shaft  carrying  a  fly-wheel.  A  feed-motion  is  attached  to  bring  the  straw  or 
hay  up  to  the  knives,  the  straw  being  placed  in  a  box,  and  the  knives  working  across  the  end  of 
the  box  and  close  against  it.  The  length  of  the  cut  is  variable,  and  may  be  altered  from  about 
J  inch  to  3  inches  by  adjusting  the  amount  of  the  feed. 

Turnip-cutters  are  discs,  arms,  or  plates  of  metal  with  knives  or  cutters  to  pare  or  slice  tnrnipa 
or  other  roots,  which  lie  against  the  knives  by  their  own  weight ;  the  roots  are  cut  in  alicea  for 
cattle,  and  in  strips  for  sheep,  cross-cutters  being  then  introduced. 

Gorse-crushers  are  made  with  toothed  rollers  to  bruise  the  gorse  for  feeding  beasts,  which  eat 
it  with  avidity;  it  is  crushed  by  the  machine  to  a  harmless  pulp,  and  cut  into  short  lengths. 

Oilcake-breakers  are  made  with  toothed  rollers,  by  which  the  cake  is  taken  hold  of  and  broken, 
the  cut  being  adjusted  by  set  screws,  so  as  to  regulate  the  degree  of  fineness  required,  according  as 
the  cake  is  being  broken  for  cattle  or  sheep;  the  dust  from  the  cake  passes  through  a  grating. 

The  results  of  experience  with  the  several  machines  have  led  to  the  adoption  of  the  following 
speeds  of  working  ns  the  most  eligible  for  the  purpose : — 

The  speed  of  the  drum  of  the  threshing  machine  is  found  to  be  best  at  about  5000  ft.  of  the 
circumference  a-minute. 

The  straw-shaker  should  pass  the  straw  at  the  rate  of  75  to  80  ft.  a-minute. 

The  shogging-board  and  riddle-board  should  be  worked  at  about  200  revolutions  of  the  crank 
a-minute. 

The  blowers  should  run  at  about  2000  ft.  of  the  circumference  a-minute. 

The  barley-horner  spindle  should  make  400  to  500  revolutions  a-minute. 

The  elevators  should  work  at  100  or  150  ft.  a-minute,  but  the  rate  ia  dependent  upon  the 
quantity  to  be  taken  up,  and  it  may  sometimes  be  found  necessary  to  quicken  the  speed. 

The  best  speed  of  a  3-ft.  stone  for  a  mill  similar  to  the  one  described  is  found  to  be  about  HO 
to  150  revolutions  a-minute,  or  about  1400  ft.  a-minute  of  the  circumference,  insU-ad  of  l.r>.r>0  to 
1600  ft.  a-minute,  as  given  by  the  ordinary  rule,  the  lower  speed  giving  the  greatest  quantity  of 
work  done  for  the  least  amount  of  power  expended. 

The  smaller  machines  are  not  so  delicate  in  their  operations,  and  are  more  dependent  upon  the 
kind  of  stuff  they  are  fed  with  and  the  state  it  is  in,  and  therefore  do  not  «ll«>w  of  uny  llx.  .1  nil.-. 

The  growth  of  the  threshing  machine  having  been  traced  from  the  simple  threshing  drum  and 
breastwork  to  the  complete  machines  now  in  use,  an  interesting  experiment  nii<\ 
which  was  tried  at  the  meeting  of  the  Yorkshire  Agricultural  Society,  at  Hipon,  in  18M.  to  ascer- 
tain the  power  consumed  by  the  several  parts  of  the  machine. 

A   combined   fixed  machine  with  a   dressing  apparatus  as  daMUM,  required  ( 
power  to  drive  it  when  at  work,  and  1-77  horse-power  when  empty,  leaving  l-.'W  lior»e-pow« 
available  for  doing  the  work.    This  machine  threshed  200  sheaves  of  wheat  in  13  80  minute*,  at 
the  power  expended  was  accordingly  6'  15  horse-power  for  13-80  minutes,  equivalent  to  84 '87  hor»- 
power  for  one  minute;  or,  multiplying  by  33000  and  dividing  by  200,  the  power  expended  wa»— 
14004  units  of  work  to  thresh  1  sheaf  of  wheat 
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(one  unit  of  work  being  one  pound  weight  raised  one  foot  high)     The  1-77  horse-power  required 

to  drive  the  machine,  when  empty,  was  divided  us  under: — 

Horse-power. 

Dressing  Machine '37 

Elevator '11 

Shaker  and  Riddle        '28 

Blower -20 

Drum  and  Shafting       '81 

Total      1-77 

A  similar  machine  required  4-23  horse-power  to  drive  it  when  at  work,  and  2-70  horse-power 
•when  empty,  leaving  1  53  horse-power  available  for  doing  the  work.  This  machine  threshed  200 
sheaves  of  wheat  in  22-68  minutes,  and  the  power  expended  was  accordingly  4-23  horse-power  t'<>r 
22-68  minutes,  equivalent  to  95-94  horse-power  for  one  minute;  or,  multiplying  by  33000, and 
dividing  by  200,  the  power  expended  was — 

15830  units  of  work  to  thresh  1  sheaf  of  wheat. 

The  2 '70  horse-power  required  to  drive  the  machine  when  empty  was  divided  as  under : — 

Horse-power. 

Dressing  Machine '34 

Elevator '28 

Shockboard  and  Pulley        '39 

Blower  and  Drum 1  •  46 

Main  Shaft  and  Shaker        '23 

Total     2^70 

The  power  expended  in  threshing  1  sheaf  of  wheat  has  been  gradually  increased  from  about 
6000  units  in  the  earlier  machines  by  the  additions  in  successive  years  of  further  apparatus 
to  render  the  process  more  complete,  several  operations  being  combined  in  the  one  machine. 

Taking  a  similar  basis  of  calculation,  the  power  required  to  work  the  portable  corn-mills  and 
smaller  barn  implements,  as  reduced  from  the  average  results  of  the  trials  at  the  show  of  the  Royal 
Agricultural  Society  in  1855,  is  as  follows : — 

Portable  Corn-mills,  about  9000  units  to  grind  1  Ib.  of  com. 
Corn-crushers,  „     3(300     „     to  crush  1  Ib.  of  linseed  or  oats. 

Chaff-cutters,  „     2200     „     to  cut       1  Ib.  of  chaff. 

Turnip-cutters,  „       150     „     to  cut      1  Ib.  of  turnips. 

niin.VAiv~x.L-A,  /  180     „     to  break  1  Ib.  of  cake  for  cattle. 

Oilcake-breakers,          „    {  35Q     »     to  break  1  Ib.  of  cake  for  sheep. 

A  trial  of  threshing  machines  took  place  in  Kent,  in  April,  1856,  when  one  machine  threshed, 
without  finishing,  about  21$  quarters  of  wheat  with  350  Ibs.  of  coal  in  3J  hours;  while  another 
machine,  having  extra  machinery  attached  to  it  for  finishing,  threshed  and  finished  for  market  in 
the  same  time  about  25J  quarters  with  563  Ibs.  of  coal,  and  that  under  disadvantage,  owing  to  very 
high  wind,  and  the  windy  side  of  the  stack  having  fallen  by  lot  to  it.  A  stack  of  barley  was 
threshed  and  finished  by  the  second  machine  in  7f  hours,  including  stoppages  amounting  to 
IA  hour,  making  the  actual  time  6y  hours;  in  this  time  the  machine  was  found  to  have  yielded  ~'."> 
quarters  of  barley,  or  at  the  rate  of  11  -23  quarters  per  hour ;  the  engine  employed  was  of  7  horse- 
power.— (Taken  from  a  paper  by  W.  Waller,  given  in  •  Proc.  Inst.  of  Mec.  Eng.,'  1856.) 

BARKER'S  MILL.  FB.,  Roue  hydraulique  de  Barker ;  GER.,  Sejner's  Wasserrad ;  ITAL.,  Muli- 
nello  idmulico  a  reazione ;  SPAN.,  Molino  de  Barker. 

The  simplest  form  of  reaction  water-wheel  is  that  of  Barker's  Mill,  Fig.  547.  Water-wheels 
are  divided  into  groups  according  to  the  form  of  the  part  which  receives  immediately  the  action 
of  the  water. 

The  following  synoptical  Table  exhibits  at  one  view  the  different  kinds  of  water-wheels  and 
machines  of  rotation : — 

(  plane,  (  a  water-course  j  _ 
with  floats . .   j      in      \  an  indefinite  fluid. 
Vertical  curved.    Wheels  of  Poncelet. 

I  at  summit.    Overshot  wheels. 


Water-wheels 


below  summit-    Breast  or  undershot. 


and  machines  '•  *       water 

of  rotation       I  (  struck  by  an  isolated  vein. 

with  floats . .    <  placed  in  a  cylinder.    Tub-wheels. 


Horizontal . 


(  outside  cylinder.    Turbines  of  Fourneyron. 


with  conduits.     Turbines  of  Burdin,  of  Boyden,  of  Francis, 
reaction.     Barker's  Mill.    Wheels  of  Segner,  of  Euler. 

The  water-mill,  shown  in  Fig.  547,  invented  by  Barker,  performed  the  operation  of  grinding 
corn  without  either  wheel  or  trundle;  A  is  a  pipe  or  channel  that  brings  water  from  a  reservoir 
to  the  upright  tube  B. 

The  water  runs  down  the  tube,  and  thence  into  the  horizontal  trunk  C,  which  has  equal  arms  ; 
and,  lastly,  runs  out  through  holes  at  d  and  <-,  opening  on  contrary  sides  near  the  ends  of  those 
arms.  These  orifices,  d,  e,  have  sliders  fitted  to  them,  so  that  their  magnitude  may  be  increased 
or  diminished  at  pleasure. 

The  upright  spindle  D  is  fixed  in  the  bottom  of  the  trunk,  and  screwed  to  it  below  by  the  nut 
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ff'  a™?  ll^^  ^f0^  -fiU£k*by  tw,°  "OS8'bara  at  /:  M  that'  if  tho  tube  B  an<l  trunk  C  be  turned 
round,  the  spindle  D  will  be  turned  also. 

The  top  of  the  spindle  goes  square  into  the  rynd  of  the  upper  mill-stone  H,  as  in  common 


647. 


-  , 

mills;  and  as  the  trunk,  tube,  and  spindle  turn  round,  the  mill-stone  is  turned  round 

The  lower  or  quiescent  miU-stone  is  represented  by  I,  and  K  is  the 

floor  on  which  it  rests,  in  which  is  the  hole  L  to  let  the  meal  run 

through,  and  fall  down  into  a  trough  which  may  be  about  M.    Tho 

hoop  or  case  that  goes  round  the  mill-stone  rests  on  the  floor  K,  and 

supports  the  hopper  in  the  common  way.    The  lower  end  of  the 

spindle  turns  in  a  hole  in  the  bridge-tree  G  F,  which  supports  the 

mill-stone,  tube,  spindle,  and  trunk.      This  tree  is  movable  on  a 

pin  at  A,  and  its  other  end  is  supported  by  an  iron  rod  N  fixed 

into  it,  the  top  of  the  rod  going  through  the  first  bracket  O,  and 

having  a  screw-nut  o  upon  it,  above  the  bracket.    By  turning  this 

nut  forward  or  backward  the  mill-stone  ia  raised  or  lowered  at 

pleasure. 

Whilst  the  tube  B  is  kept  full  of  water  from  the  pipe  A,  and  the 
water  continues  to  run  out  from  the  ends  of  the  trunk,  the  upper 
mill-stone  H,  together  with  the  trunk,  tube,  and  spindle,  turn 
round.  But  if  the  holes  in  the  trunk  were  stopped,  no  motion 
would  ensue,  even  though  the  tube  and  trunk  were  full  of  water. 
For,  if  there  were  no  hole  in  the  trunk,  the  pressure  of  the  water 
would  be  equal  against  all  parts  of  its  sides  within.  But  when  the 
water  has  free  egress  through  the  holes,  its  pressure  there  is  en- 
tirely removed  :  and  the  pressure  against  the  parts  of  the  sides 
which  are  opposite  to  the  holes  turns  the  machine. 

James  Rumsey  improved  this  machine,  by  conveying  the  water 
from  the  reservoir,  not  by  a  pipe,  as  A  D  B,  in  great  part  of  which 

the  spindle  turns,  but  by  a  pipe  which  descends  from  A,  without  the  frame  L  N,  till  it  reaches  M 
low  or  lower  than  G,  and  then  to  be  conveyed  by  a  curvilinear  neck  and  collar  from  G  to  g, 
where  it  enters  the  arms,  as  is  shown  by  the  dotted  lines  at  the  lower  part  of  the  figure. 

Most  of  the  authors  who  have  attempted  to  lay  down  the  theory  of  this  mill  have  fallen  into 
error.  The  most  ingenious  theory  we  have  yet  seen  is  by  William  Waring  (given  in  the  '  American 
Transactions,'  vol.  iii.),  which,  with  some  such  corrections  as  appeared  necessary  to  adapt  his  rule* 
to  practical  purposes,  is  nearly  as  follows; 

The  first  inquiry  relates  to  the  magnitude  of  the  pipe  which  conveys  the  water  from  the 
reservoir  to  the  centre  of  the  horizontal  tube  e  d,  at  g.  To  this  end,  let  A  =  the  area  of 
the  orifice  by  which  the  water  is  admitted  at  g  ;  h  =  the  perpendicular  height  of  the  surface 
of  the  water  in  the  reservoir  above  g  ;  d  =  the  vertical  depth  of  any  horizontal  section  of  tho 
pipe  below  the  same  surface  ;  S  =  the  surface  or  area  of  the  horizontal  section  of  the  pipe,  at 
the  depth  d.  Then,  since  the  areas  in  the  several  parts  of  the  pipe  should  be  inversely  aa  the 
velocities,  and  the  velocities  are  in  the  subduplicate  ratio  of  the  depths  below  the  head,  those 

8  /A 

areas  must  be  inversely  in  the  subduplicate  ratio  of  the  deptlis  ;  consequently,  —  =  ^-f-  ,  and 

A         v  " 

8  =  A  "v  —  .    So  that  the  pipe  must  have  its  bore  increased  from  tho  level  of  g  upwards  in 

the  ratio  of  1  to  "V  —.  ;  and  if  a  section  in  any  part  be  less  than  would  be  assigned  by  this 

ratio,  the  water  will  be  obstructed  in  its  passage. 

Of  the  Initial  Force  with  which  the  Machine  commences  its  Motion.  —  If  we  conceive  the  water 
pressing  in  the  tube  from  </  towards  e,  previous  to  the  opening  of  the  aperture,  there  will  mani- 
festly be  no  motion  occasioned,  because  the  forces  on  the  opposite  sides  of  the  tube  balance  each 
other,  and  the  force  against  the  end  C  is  resisted  by  the  fixed  axle  D</;  or,  if  we  consider  both 
arms,  it  is  balanced  by  the  equal  force  acting  upon  the  equal  end  at  d  in  an  opposite  direction. 
But  if  one  of  the  apertures,  as  d  (its  area  being  =  a),  is  opened,  the  pressure  upon  that  portion  of 
the  tube  is  taken  away,  and  the  equal  and  opposite  pressure  upon  an  equal  portion  of  the  contrary 
side  of  the  tube,  having  now  nothing  to  keep  it  in  equilibrio,  tends  to  move  the  arm  C</  about  tho 
axis  D  g.  In  like  manner,  when  the  aperture  e  (also  =  a)  is  opened,  the  pressure,  which  WM 
previously  counterbalanced  by  the  opposite  pressure  on  the  orifice  e,  now  exerts  its  tendency  t.» 
produce  a  rotatory  motion  about  the  axis  D//;  so  that,  combining  together  the  effects  of  l»>tli 
these  unbalanced  pressures,  and  considering  that  the  pressure  of  water  uj>on  nny  jxiint  is  propor- 
tional to  the  depth  of  that  poiqt  below  the  upper  surface  of  the  fluid,  we  shall  have  2<i  A  to  for  the 
force  which  causes  the  rotatory  motion  to  commence;  the  values  of  a  and  h  being  taken  in 
and  w  representing  62£lbs.  avoirdupois,  the  weight  of  a  cubic  foot  of  water.  But  as  the  velocity 
of  rotation  increases,  the  pressure  depending  upon  the  relative  velocities  of  the  water  nn<i 
sides  of  the  tube  diminishes,  and  consequently  the  power  is  diminished,  notwithstanding  what  i* 
gained  by  that  which  we  now  proceed  to  consider. 

The  Centrifugal  Force.  —  This  may  be  found  in  a  similar  manner  to  that  which  is  adopted  when 
considering  the  theory  of  the  centrifugal  pump.  Thus,  if,  besides  the  pn  <>c«liti^  notation,  wo  t»k«  t 
for  the  length  of  each  arm  yd,  ge,  t  for  the  time  of  rotation,  <j  for  \\t\  ft.,  tin-  m-  n.-ure  ••("  th.  force 
of  gravity,  and  v  for  3  -141593,  since  a  is  the  section  of  tho  flowing  water  at  right  angles  to  iU 

motion,  we  shall  have,  by  proceeding  as  in  the  article  just  referred  to,         ,—  =  the  length  of 
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4  IT*  a  vi  /*  o  /* 

a  column  of  water,  whoee  pressure  is  equal  to  the  centrifugal  force,  or  --  -5  -  =  76  '70625  —  -  - 

the  weight  of  a  column  of  water  in  Ibs.,  which  is  oquiv:il.-nt  to  the  centrifugal  force  of  the  fluid  in 
both  arnia.  And  thin  is  equivalent  to  the  augmentation  of  power  at  tho  apertures,  because  fluids 
press  equally  in  all  directions. 

The  inertia  of  tho  fluid  greatly  counteracts  the  effects  of  the  centrifugal  force.  The  inertia  of 
the  rotatory  tube  with  the  contained  fluid  would  not  continue  to  ri'.-i*t  tin  moving  power  after  the 
velocity  became  uniform,  were  the  same  ,fluid  retained  in  it  as  was  in  it  when  the  motion  was  first 
imparted;  but  as  this  passes  off,  and  there  is  a  continual  succession  of  new  matter  acquiring 
a  motion  in  the  direction  of  the  rotatory,  there  must  be  a  constant  reaction  against  the  sides  of  the 
tube  equal  to  the  communicating  force.  Now  this  reaction  is  very  different  from  that  of  a  fluid 
confined  in  the  tube  when  it  begins  to  move,  because  a  particle  at  the  extremity  of  the  tube  is  not 
to  mvivc  its  u  hole  circular  motion  there,  but  gradually  acquires  it  by  a  uniform  acceleration  during 
its  passage  along  the  tube;  so  that  we  must  here  inquire  what  force  will  give  to  the  quantity  of 

water  a/w,  in  the  time  —  of  its  passing  through  its  respective  horizontal  arm,  the  velocity 

v 

2  IT  r 

-  ,  in  the  direction  of  the  aperture.    Then,  according  to  the  rules  given  for  forces  in  dy- 

12-273  a  Iv         8'0208  ,„  alv   , 

namics,  we  shall  have  -  -  -  x  -  r  —  =  19-6878  -  for  the  resistance  in  Ibs.  opposed 

to  t 

to  each  arm,  such  resistance  being  estimated  as  if  accumulated  at  the  distance  £  /  from  the 
centre  of  motion. 

Acquired  Velocity  of  the  Water.  —  According  to  the  theory  of  hydraulics,  the  velocity  of  water 
issuing  through  an  aperture  at  the  depth  h  below  the  upper  surface  of  a  reservoir,  is  expressed 
by  8  •  0208  J  A,  which  when  reduced,  in  conformity  with  the  experiments,  becomes  5  J  h  very 
nearly  ,-  and  this  is  the  velocity  of  the  water  passing  out  of  the  tubes  at  the  commencement  of 
the  rotation.  Then,  as 


^  ^  :  5  \/  (h  +  38-35312  -^-  J 


=  5  \/  ( 


70625 
•  61365  ^r 


the  required  velocity  of  the  water. 

Jtatio  of  the  Central  Force  to  the  Inertia.—  This  will  be  ascertained  by  substituting  for  v  in  the  ex- 

pression 19-6878  ^—  -  ,  its  value  just  found;  so  that  we  have  98  •  439  ^-  x  \/  (  -61365  +  —  J 

aP 
for  the  inertia,  while  the  centrifugal  force  is  measured  by  76-70625  —  ^-.    Now  we  find  that 

76-70625  ^  :  98-439  ^  x   \/  ('61365  ~\;:l\  1-2833  ^/  (-61365  -^  Y  or  as  1  : 

\/  (  1  +  -  -ft  -  )  very  nearly  ;  which  is  the  ratio  of  the  power  gained  by  the  centrifugal 

force  to  the  obstruction  arising  from  inertia.  Whence  it  appears  that  the  latter  is  greater  than 
the  former,  except  when  t  =  0,  h  =  0,  or  /  =  oo  ,  cases  never  occurring  in  practice  ;  and  that  the 
longer  the  arms,  the  less  the  fall  of  water,  and  the  greater  the  velocity  of  rotation,  the  nearer 
these  forces  approach  to  the  ratio  of  equality. 

Adjustment  of  the  Parts  and  Motion.  —  Here  it  must  be  particularly  observed  that  the  centrifugal 
force  should  not  exceed  the  gravity  of  the  water  revolving  in  the  arms  gd,ge  ;  for  in  that  case  the 
water  would  be  drawn  into  the  tube  faster  than  it  could  be  naturally  supplied  at  its  entrance,  by 
the  velocity  proper  to  that  depth,  and  of  consequence  a  vacuum  must  be  occasioned  ;  nor  should 
the  velocity  of  the  apertures  be  greater  than  half  that  of  the  water  through  them  ;  for  the 
apertures  being  still  adapted  in  point  of  magnitude  to  the  velocity,  the  effluent  quantity  or 
number  of  acting  particles  is  as  the  time,  the  momentum  is  in  the  simple  ratio  of  the  relative 
velocity,  and  therefore  the  greatest  effect  will  be  produced  when  the  velocity  of  the  apertures  is 
equal  to  half  that  due  to  the  head  of  water.  These  two  conditions  expressed  algebraically  will 
furnish  the  equations, 


76-70625        .  =  2  a  Iw  ....         -  =       VT+7; 

t  t          '    m 

from  which  equations  we  deduce  the  following, 

(  h  =  9-29345  /    =  15-  1446  P, 
namely,  {  I  =  1-6296  *2    =  -1076  A, 

j  t  =  V61365  /  =  V'06603  h. 

Whence  it  appears  that  h,  I,  and  t*,  are  nearly  in  the  constant  ratio  of  15,  9J,  and  1. 

Still  it  should  be  observed,  that  while  /  and  t  are  preserved  in  a  constant  ratio,  the  values  of 

76-70625  —  ,  and  of  12-273  —  -,  that  is,  of  the  central  force  and  of  the  inertia,  must  remain  the 

same  ;  so  that  the  brachia  may  be  made  of  any  length  at  pleasure  (not  less  than  •  1076  A)  if  the 
time  of  revolution  be  taken  in  a  corresponding  proportion,  or  so  that  the  velocity  of  the  apertures 
undergo  no  variation,  which  will  be  ensured  by  making  t  =  *J  •  61365  I  ;  for  a  double  or  triple 
radius,  revolving  in  a  double  or  triple  time,  or  with  half  or  a  third  the  angular  velocity,  has  the 
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same  absolute  velocity  at  the  extremity ;  and  with  the  same  power  there  applied,  will  produce 
the  same  effect.  Hence, 

The  moving  force  and  velocity  of  the  machine,  when  the  effect  is  a  maximum,  may  be  found.  For, 
if  we  put  -61365 1  for  *2,  and  9-29345  /  for  A,  in  the  expression  \/  (l  +  1'646A*'\  it  becomes 

A/  1  +  3  =  2 ;  in  which  case  the  resistance  of  inertia  is  just  double  the  central  force,  or  the 
gravity  of  the  water  in  the  tube  =  125  a/,  which,  taken  from  the  impelling  force,  leaves  62-5 
(a  h  +  0  —  125  a  /  =  62-5  a  (A  —  /)  =  55  '775  a  h  Ibs.  avoirdupois  =  the  real  moving  force,  at 
the  distance  of  the  centres  of  the  apertures  from  the  centre  of  motion,  /  being  taken  =  -1070  A. 

5         g 

And  by  a  like  substitution,  the  velocity  -_-  */  h  4-  I  becomes  —  V  1*1076  A  =  2-63205  J  A,  feet 
per  second. 

Area  of  the  Apertures. — If  A  =  the  area  of  a  section  of  the  race  perpendicular  to  the  dir««-ti.  n 
of  its  motion,  V  =  its  velocity  per  second,  both  in  feet,  a  and  A  as  before ;  then  it  will  be 

AV=10a\/(A  +-  -61365  —  j  cubic  feet  =  the  quantity  of  water  emitted  per  second  by  both 

.           ,                        AV              -070066  A VJ  h    A 
apertures :  hence  a  =  14.2722    /^  =  £—      —  ,  the  area  proper  for  one  of  the  apertures. 

From  the  preceding  investigation  we  may  deduce  the  following  rules. 

1.  Make  each  arm  of  the  horizontal  tube,  from  the  centre  of  motion  to  the  centre  of  the 
aperture,  of  any  convenient  length,  not  less  than  £th  of  the  perpendicular  height  of  the  water's 
surface  above  these  centres. 

2.  Multiply  the  length  of  the  arm  in  feet  by  -61365,  and  take  the  square  root  of  the  product 
for  the  proper  time  of  a  revolution  in  seconds,  and  adapt  the  other  parts  of  the  machinery  to  this 
velocity;  or, 

3.  If  the  time  of  a  revolution  be  given,  multiply  the  square  of  this  time  by  1  •  6296  for  the  pro- 
portional length  of  the  arm  in  feet. 

4.  Multiply  together  the  breadth,  depth,  and  velocity  per  second  of  the  race,  and  divide  the 
last  product  by  14-27  times  the  square  root  of  the  height,  for  the  area  of  either  aperture;  or,  mul- 
tiply the  continual  product  of  the  breadth,  depth,  and  velocity  of  the  race,  by  the  square  root  of 
the  height,  and  by  the  decimal  -07;  the  last  product,  divided  by  the  height,  will  give  the  area 
of  the  aperture. 

5.  Multiply  the  area  of  either  aperture  by  the  height  of  the  head  of  water,  and  the  product  by 
55  •  775  (or  56  Ibs.),  for  the  moving  force,  estimated  at  the  centres  of  the  apertures  in  pounds 
avoirdupois. 

With  respect  to  different  forms  and  developments  of  reaction  water-wheels,  we  give,  with 
some  slight,  but  necessary,  alterations,  the  following  general  observations  from  a  treatise  on 
Hydraulics,  by  J.  F.  D'Aubuisson  de  Voisins. 

We  designate  by  the  appellation  reaction  water-wheels  machines  in  which  the  water  contained  in 
them,  and  which  issues  from  them  with  a  certain  effort,  reacts  upon  the  parts  of  the  machine 
opposite  the  orifices  of  issue  with  an  equal  effort ;  in  consequence  of  which  it  constrains  these 
parts  to  recoil,  and  so  occasions  the  motion  of  rotation.  The  following  example  will  enable  ua  to 
appreciate  thia  mode  of  action ;  but  before  giving  this  example,  it  ia  necessary  to  revert  to  a 
principle. 

The  equality  between  action  and  reaction,  which  is  regarded  nearly  as  an  axiom  in  mechanics, 
has  been  directly  demonstrated  by  Daniel  Bernoulli,  in  the  case  of  a  jet  issuing  from  a  vase 
('  Hydrodynamica,'  pp.  279  and  303).  He  found,  by  calculation  and  experiment,  that  the  effort 
exerted  upon  the  vase  by  the  reaction  of  the  jet  was  equal  to  the  weight  of  a  prism  which  had  for 
its  base  the  orifice,  and  for  its  height  twice  the  height  due  to  the  velocity  of  issue  ;  and  we  know 
that  such  is  the  measure  of  the  effort  of  which  the  jet  is  capable. 

Let  there  be  a  vase  or  great  vertical  tube,  of  which  A  is  the  base,  Fig.  548,  which  is  movable 
around  its  axis  C,  at  the  foot  of  which  is  fixed  a  horizontal  tube  B  D,  open  at  B,  and  closed  through 
its  remaining  extent.   If  this  apparatus  be  filled  with  water,  the 
fluid  will  exert  an  equal  pressure  on  all  parts  of  the  tube ;  that  A 

which  takes  place  at  any  point  will  be  destroyed  by  the  pres-      /fc*J\  B  If 

sure  upon  the  point  diametrically  opposite,  and  there  will  be      f x^  '  fl ;'  ° 

an  equilibrium.    But  if  we  make  an  orifice  at  a,  for  example,      \ / 

there  will  no  longer  be  a  pressure  upon  this  point ;  that  exerted 

upon  the  opposite  side  will  be  no  longer  counterbalanced,  and  it  will  drive  the  tube  in  the  direc- 
tion from  a  to  e;  the  jet  issuing  at  a,  acting  by  its  reaction,  will  cause  the  machine  to  turn  ariniml 
its  axis  C,  and  in  a  direction  opposite  to  its  own,  in  the  same  manner  as  the  elastic  fluid  arising 
from  igniting  the  powder  contained  in  the  charge  of  a  squib  or  rocket,  issuing  downwards,  drive* 
it  rapidly  upwards. 

If,  at  the  lower  part  of  the  great  vertical  tube  A,  we  have  radiating  from  it  many  tul>es  Mrailnr 
to  B  D,  and   similarly  pierced,  we  shall  have  the  inucliinc  i.J'  ri':irti"n  <!•  -i.1"- ••!.  t«>wi»r<l- 
middle  of  the  last  century,  by  Segner,  professor  of  mathematics  at  Gottingen,  which  the  Gcnnau* 
consequently  name  Seiner's  Wheel. 

Euler,  having  made  this  an  object  of  his  studies  ('Academic  do  Berlin,'  1750),  proposed,  Irt, 
to  give  a  curved  form  to  the  horizontal  tubes,  so  as  to  obtain  a  procure  resulting  from  (ho 
centrifugal  force ;  2nd,  to  cause  the  water  to  issue  through  the  extremities  of  the  tubes,  w 
extremities  he  curved  BO  as  to  make  them  perpendicular  to  the  radius  of  the  wheel  drawn  k 
them. 
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M.  Manonri  d'Ectot,  profiting  by  the  indication  of  these  improvements,  planned  a  machine 
such  as  we  aee  in  Fig  .r>l'.>.    Its  tubea,  swelling  in  the  middle,  and  curved  like  an  (/),  were  united 
and  held  by  iron  burs.    The  motive  water  is  conveyed  to  them  by  nieuiia  of  a  great  vertical  tube, 
which  ia  bent  horizontally  at  B,  and,  passing  under  the  wings 
or  revolving  arms,  rises  vertically,  and  terminates  at  the  common 
centre  0. 

These  wheels  have  been  successfully  established  in  the  mills 
of  Brittany,  of  Normandy,  and  of  the  environs  of  Paris ;  "  from 
authentic  experiments,  they  produced  an  effect  superior  to  that 
of  the  best  executed  '  pot-wheels,"*  says  Carnot,  in  the  name  of 
the  commission  of  the  Institute  appointed  to  the  examination  of 
this  machine  ('  Journal  dea  Mines,'  1813,  torn.  XXXIII.).  How- 
ever, in  common  practice,  wo  cannot,  without  difficulty,  keep  tight  the  junction  of  the  stationary 
part,  the  tube  conducting  the  water,  with  the  movable  part,  the  wings  or  arms  of  the  wheel. 
Otherwise,  this  wheel  seema  better  fitted  than  any  other  to  transmit  the  action  of  a  current  of 
water  directed  from  below  upwards,  euch  as  issues  from  certain  artesian  wella. 

Euler,  whose  ideas  upon  these  reaction  machines  were  derived  from  Segner's,  designed  one 
which  seemed  to  him  better  fitted  to  reap  the  full  advantage  of  thia  mode  of  the  action  of  water. 
It  had  the  form  of  a  great  bell,  or  rather,  it  waa  a  truncated  cone,  hollow  in  the  middle,  consisting 
of  two  concentric  surfaces,  made  of  sheet-iron  plates,  with  a  space  between  them,  open  at  the  top 
and  closed  at  the  bottom ;  small  bent  pipea  were  fitted  vertically  all  around  and  at  the  bottom, 
their  extremities  being  horizontal  and  in  the  direction  of  the  motion,  or  rather,  in  a  direction 
opposite  to  it.  The  motive  water  entering  at  the  top  of  the  machine,  KKn 

filled  the  space  between  the  two  conical  envelopes,  and  issued 
through  the  small  tubes.  Though  unwieldy,  thia  machine  has  been 
used  advantageously  in  France. 

Three  years  after,  Euler  gave  a  more  complete  theory  of  reaction 
wheels ;  and  on  this  occasion  he  projected  a  second,  which  is  described 
in,  the  '  Me'moirea  de  PAcade'mie  de  Berlin,'  1754.  It  consisted  of  two 
parts,  placed  one  above  the  other  as  shown  in  Fig.  550.  The  upper 
was  immovable,  and  formed  a  cylindrical  and  annular  reservoir,  with 
email  tubea  fixed  to  the  bottom,  rectilinear,  but  inclined  at  an  angle 
determined  by  calculation,  and  delivering  the  water  upon  the  lower 
part.  The  latter,  movable  around  its  axis,  presented  at  the  top  an 
annular  trough,  from  the  bottom  of  which  projected  twenty  tubes, 
diverging  in  their  descent,  the  ends  of  which,  bent  horizontally,  de- 
livered the  water  in  the  air.  All  of  these  pipes  were  covered,  as  far 
aa  the  bending,  by  a  smooth  sheet-iron  surface,  designed  to  lessen 
the  resistance  of  the  air. 

Such  a  machine,  with  tubes  uniformly  curved,  not  being  ob- 
structed at  their  extremity,  and  not  being  entirely  full  of  water, 
has  a  close  resemblance  to  the  duct-wheels  of  M.  Burdin ;  and  the  theory  of  Borda  would  be 
equally  applicable  to  it. 

The  learned  engineer  whom  we  have  just  named,  and  to  whom  the  works  of  Euler  were 
unknown,  also  made  a  reaction  turbine,  which  bears  a  great  resemblance  to  that  of  the  illustrious 
geometer.  We  give  a  short  description  of  one  which  he  established  at  the  mill  of  Ardes,  in  the 
department  of  Puy-de-D6me. 

The  fall  is  6 '56  ft.  Under  a  wooden  basin,  where  the  water  is  maintained  at  a  constant 
height  of  3-28  ft.,  is  placed  the  machine  of  rotation  represented  in  Fig.  551.  Three  injecting 
orifices,  fitted  to  the  bottom  of  the  basin,  deliver  the  water  horizon- 
tally in  the  crown,  or  small  annular  basin,  which  forms  its  upper  part. 
It  then  enters  into  three  pyramidal  enclosures,  with  vertical  axes,  whose 
extremities  are  bent  horizontally,  having  an  orifice  of  issue.  The  height 
of  the  machine  is  3 -28  ft. ;  and  generally  it  is  one-half  the  fall. 

It  is  contrived  so  that  the  turbine,  under  the  injecting  orifices,  may 
have  a  velocity  of  14  •  53  ft.,  that  due  to  the  height  of  3  •  28  ft.  The  water 
arriving  upon  the  machine  with  a  velocity  equal  to  that  of  the  points 
which  receive  it,  there  ia  no  shock.  Moreover,  the  head  upon  the  orifices 
of  the  conduits  being  3 -28  ft.,  the  water  will  issue  from  them  also  with 
the  relative  velocity  of  14-53  ft. :  and  as  that  of  the  orifices  in  an  oppo- 
site direction  ia  the  same  in  value,  the  absolute  velocity  of  the  fluid  will 
be  zero.  The  two  conditions  neceaaary  for  the  maximum  of  effect  are  thus 
fulfilled,  and  the  dynamic  effect  of  the  turbine  will  be  P  H.  The  total 

fall  of  the  water  being  put  =  H.  This  fall,  when  it  is  taken  to  measure  the  entire  force  of  the 
current,  ia  the  difference  of  level  between  the  fluid  surfaces  of  the  upper  and  Ibwer  reaches.  But 
for  hydraulic  wheels  it  is  reckoned  from  the  upper  level,  or  that  of  the  reservoir,  to  the  lowest 
point  of  the  wheel,  as  this  point  may  be  lowered  to  the  level  of  the  lower  reach,  when  thia 
level  ia  constant.  P  =  the  weight  of  water  furnished  in  one  second  by  the  motive  current. 

But  in  practice,  many  circumstances  always  occur  to  change  the  conditions  of  this  greatest 
effect.  Still,  M.  Burdin  has  never  seen  the  useful  effect  of  his  reaction  turbines  below  0  65PH, 
and  sometimes  it  has  been  as  high  as  0  •  75  P  H  ('  Annales  des  Mines,'  torn.  Ill ,  1828). 

Nearly  a  century  has  elapsed  since  the  theory  of  reaction  machines  was  the  object  of  Euler'a 
researchea :  hia  memoirs  upon  thia  subject,  which,  however,  I  am  not  in  a  situation  to  properly 
appreciate,  bear,  according  to  competent  judges,  the  impress  of  his  analytical  genius.  But  since 
their  publication,  and  partly  in  consequence  of  the  works  of  this  great  man,  the  theory  of  machines 
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in  motion,  especially  in  all  pertaining  to  their  dynamic  effect,  has  reached  a  much  greater  deeroo 
of  generality  and  simplicity. 

For  a  summary  application  to  reaction  -wheels  of  tLJs  theory,  I  will  suppose,  with  M.  Navier 
that  the  water  enters  them  without  shock,  and  rune  through  them  without  a  sudden  change  of 
velocity  ;  I  shall  only  then,  have  to  consider  its  absolute  velocity  immediately  after  ita  exit  from 
the  machine.  We  have  remonstrated  (see  TUBBINE  WATER-WHEELS)  that  when  water  issues 
through  orifices  made  in  the  circumference  of  a  wheel  in  motion  around  its  vertical  axis,  it* 
velocity,  relatively  to  that  of  the  machine,  is,  upon  the  last  element  of  tho  orifices,  V  2  •/  A  4-  r* 
h  being  the  height  of  the  reservoir  above  these  orifices,  and  v  their  velocity  of  rotation.  We  «UH 
pose  their  extremity  to  be  horizontal,  and  perpendicular  to  the  radius  of  the  circumference 
described  ;  then,  their  velocity  v  is  found  directly  opposed  to  that  which  the  fluid  poawaaea  upon 
this  extremity,  and  its  absolute  velocity,  immediately  after  quitting  it,  is  then  V  2  a  A  +  v*  —  ». 
But  the  dynamic  effect  is  equal  to  the  force  of  the  motor,  minus  the  half  of  the  «•  citu  which  the 
water  possesses  after  issuing  from  the  machine,  and  we  shall  thus  have 


This  equation  shows  that  the  effect  is  greater,  as  the  complex  factor  of  the  second  term  in  the 
second  member  is  smaller,  and  that  it  will  be  at  its  maximum  and  equal  to  P  h  when  this  factor  it 
zero  ;  now,  we  cannot  have  +/  2g  h  -f  v3  —  o  =  0,  except  v  is  infinite.  Whence  we  conclude  that  in 
reaction  machines  the  effect  can  never  be,  even  in  theory,  equal  to  the  force  of  the  motor,  and  that 
it  is  greater  in  proportion  as  the  velocity  of  rotation  is  the  more  considerable. 

Finally,  in  the  year  1838,  M.  Combes,  mining  engineer,  took  up  the  theory  of  reaction  machines, 
and  extended  it  to  all  the  circumstances  of  motion  ;  after  having  studied  carefully  that  of  Kul«  r, 
he  established  a  more  general  one,  which  he  presented  to  the  Academy  of  Sciences  ;  but  as  yet  it  haa 
not  been  published.  From  the  short  notice  upon  this  subject,  inserted  in  the  reports  of  the  qftftffnt 
of  the  Academy  of  Sciences  (session  of  6th  August),  the  formulae  of  M.  Combes  indicate  in  reaction 
machines  what  those  of  M.  Poncelet  have  shown  for  turbines,  that  the  velocity  of  the  wheel  may 
experience  great  variations,  either  increasing  or  decreasing,  from  that  giving  the  maximum  of 
effect,  without  a  marked  diminution  in  this  effect.  "  It  is  necessary,"  observes  the  author,  "  that 
the  gates  of  the  reaction  wheel  should  be  fixed  upon  the  wheel  itself  ;  and  in  order  that  the  useful 
effect  may  remain  always  the  same,  notwithstanding  the  variations  in  the  volume  of  water,  it  ia 
requisite  that  the  gates  should  act  at  once  upon  the  whole  of  the  orifices  of  entry  and  issue  of  the 
movable  pipes,  which  should  have  between  them  a  constant  ratio,  determined  by  the  equation  of 
motion." 

See  FLOAT  WATER-WHEELS.  OVERSHOT  WATER-WHEELS.  TURBINE  WATER-WHEELS.  UNDEB- 
SHOT  WATER-WHEELS. 

BAROMETER.     FR.,  Barometre  ;  GER.,  Barometer  ;  ITAL.,  Barometro  ;  SPAN.,  Barifmetro. 

A  barometer  is  an  instrument  for  determining  the  weight  or  pressure  of  the  atmosphere,  and 
hence  the  actual  and  probable  changes  of  the  weather,  or  the  height  of  any  ascent.  BM 

The  form  commonly  used  was  invented  by  Torricelli  at  Florence  in  1643.  It 
consists  of  a  glass  tube,  33  or  34  in.  in  length,  closed  at  top,  filled  with  mercury, 
except  the  vacuum  at  the  top,  and  inverted  in  an  open  cup  of  mercury.  A 
graduated  scale  is  attached  to  the  tube  to  note  the  variations  of  the  column  of 
mercury. 

The  Aneroid  barometer  is  a  form  of  the  instrument  in  which  the  atmosphere 
acts  upon  the  elastic  top  of  a  thin  metallic  box,  which  has  previously  been  j»r- 
tially  exhausted  of  air,  and  furnished  with  levers  and  an  index  to  note  the 
changes  produced  by  atmospheric  pressure. 

The  Siphon  barometer  is  another  form  of  the  common  barometer. 

The  Sympiesometer  is  another  form  of  barometer. 

A  Marine  barometer  is  a  barometer  with  tube  contracted  at  the  bottom  to  pre- 
vent rapid  oscillations  of  the  mercury  ;  it  is  suspended  in  gimbals  from  an  arm  or 
support  on  shipboard. 

A  Mountain  barometer  is  a  portable  mercurial  barometer,  with  tripod  support, 
and  a  cong,  for  measuring  heights. 

A  Wheel  barometer  is  a  barometer  with  recurved  tube  and  a  float,  from  which  a 
cord  by  passing  over  a  pulley  moves  an  index. 

Experiments  show  that  if  a  vessel  be  exhausted  of  air  it  will  be  lighter  than 
when  it  was  full,  hence  air  has  weight.  And  we  show  (see  HYDROSTATIC 
BALANCE)  how  the  weight  and  specific  gravity  of  air  may  be  accurately  determined. 
The  weight  of  a  column  of  the  atmosphere  is  shown  by  the  barometer  ;  for,  let 
A  B,  Fig.  552,  be  a  glass  tube,  34  in.  long,  open  at  A  and  closed  at  B.  Fill  tlie 
tube  with  mercury,  and  placing  the  finger  firmly  on  the  end  A,  so  as  to  prevent 
the  mercury  from  escaping  out  of  the  tube,  invert  it,  and  plunge  the  end  A  into 
a  vessel  C  D,  of  mercury.  If  the  finger  be  now  removed,  it  will  be  found  that  the 
mercury  will  stand  at  about  29  or  30  in.  in  the  tube  above  the  level  of  the  mercury 
in  the  basin.  That  the  mercury  is  sustained  in  the  tube  by  the  pressure  of  tho 
air  upon  the  surface  of  the  mercury  in  the  basin  may  be  proved  by  jilaoing  the 
barometer  under  the  receiver  of  an  nir-pump.  As  the  air  is  exhausted,  tin-  mer 
cury  sinks  in  the  tube;  and  when  the  exhaustion  is  so  complete  that  very  li 
pressure  is  exerted  on  the  surface  of  the  mercury  in  the  basin,  the  mercury  in  the 
tube  and  in  the  basin  are  nearly  on  the  same  level.  On  the  air  beiim  »pim 
admitted  into  the  receiver,  the  mercury  rises  in  the  tube  to  its  former  MflAft.  I 
of  a  fluid  on  any  portion  of  the  surface  is  the  weight  of  the  auperincumbent  column  < 
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the  pressure  of  the  mercury  upwards  against  the  surface  C  D,  is  the  weight  of  a  column  of 

mercury,  whose  base  is  CD  and  altitude  PE;  and  this  pressure  is  balanced  by  the  pressure  of 

the  air  downwards  on  the  surface  C  D.     From  numerous  experiments  it  has  been  found  that  the 

density  of  air  is  proportional  to  the  force  that  compresses  it.    For  let  A  B  C  D,  Fig.  553, 

be  a  bent  cylindrical  tube  of  glass,  having  one  end  A  open  and  the  other  D  closed. 

Suppose  tho  communication  between  the  two  branches  to  be  cut  off*  by  a  small 

quantity  of  mercury  poured  in  at  A  until  it  just  fills  the  base  B  C.    Then  tho  air  in 

C  D  will  bo  of  tho  same  density  as  tho  air  in  A  B.    If  more  mercury  be  poured  in  at 

A,  it  will  force  the  mercury  to  rise  in  D  C ;  and  if  this  pouring  be  continued  until  tho 

jn.-tviiry  .stands  at  S,  as  high  above  the  point  T,  to  which  it  has  risen  in  D  C,  as  the 

altitude  of  the  mercury  in  the  barometer,  then  that  column  of  mercury,  from  what  we 

have  before  shown,  is  equivalent  to  the  weight  of  the  column  of  air  incumbent  upon 

it.     Hence  the  pressure  against  the  air  in  D  T,  arising  from  the  pressure  of  the 

atmosphere  and  the  mercury  in  S  B,  is  twice  aa  great  as  it  was  against  the  air  in 

C  D ;  and  it  has  been  observed  that  D  T  =  A  C  D ;  therefore,  the  air  being  compressed 

into  half  the  space,  the  density  is  doubled.     In  like  manner,  if  another  column  of 

mercury  be  added,  so  that  the  altitude  of  the  mercury  in  A  B,  above  the  mercury  in 

C  D,  shall  be  twice  the  altitude  of  the  mercury  in  the  barometer,  the  pressure  of  the 

air  in  D  T,  arising  from  the  weight  of  the  atmosphere  and  the  mercury  in  SI$,  will 

now  be  three  times  as  great  as  it  was  against  the  air  in  CD.     Also  DT  has  been 

found  to  be  =  \  C  D,  and,  therefore,  the  density  in  D  T  is  =  3  times  the  density  of  the  atmosphere. 

In  this  way  the  density  lias  been  found  in  all  cases,  within  a  moderate  extent,  to  be  proportional 

to  the  compressing  force.    And  since  the  force  that  compresses  the  air  is  balanced  by  the  elasticity 

of  the  air,  it  is  evident  that  the  elastic  force  of  the  air  is  equal  to  the  compressing  force,  and  may 

be  measured  by  it.    Also  it  follows,  that  the  elasticity  of  the  air  is  proportional  to  its  density. 

This  is  the  law  of  Boyle. 

Gay-Lussac  found  by  experiment,  that  all  gases,  under  the  same  pressure,  expand  uniformly 
for  equal  increments  of  temperature ;  this  is  true,  at  least,  from  the  freezing  to  the  boiling  point 
of  the  thermometer.  Suppose  a  column  of  the  atmosphere  to  rest  on  a  base  whose  area  is  1 ;  and 
suppose  this  column  to  be  divided  into  an  infinite  number  of  strata,  of  equal  thickness,  parallel  to 
the  horizon.  Then,  since  each  stratum  of  air  is  compressed  by  the  weight  of  those  above  it,  the 
lower  strata  will  be  more  compressed,  and,  therefore,  will  be  denser  than  those  above  them. 

The  nature  and  properties  of  both  atmospheric  air  and  mercury  have  been  carefully  ascertained ; 
so  far,  the  determination  of  the  heights  of  mountains  by  the  barometer  presents  no  difficulty ; 
but,  to  solve  the  ultimate  equation,  has,  up  to  the  present  time,  defied  the  skill  of  mathematicians. 
The  formulas  presented  by  writers  on  mechanics  to  effect  this  object,  only  gave  approximate 
results.  This  ultimate  equation,  which  may  be  presented  under  the  form  [1],  can  be  solved  with 
the  greatest  ease  by  dual  arithmetic,  a  new  art. 


In  this  equation  all  the  quantities,  except  the  required  height  z,  are  known  ;   the  logs,  are 
hyperbolic,  and  this  equation  may  be  put  under  the  form 


.  TT 

in  this  last  equation  put  \/  —  =  A  ;   and  suppose  A  =  hyperbolic  log.  of  a,  that  is,  suppose 

/  H  /         z  \  k  (1  +  a  T) 

log.  a  =  A  ;  put  x  =  v  -  -  1  1  H  --  I  ,  and  B  =  —  -  -  -  • 
h   \          r  J  rg 

These  substitutions  being  made,  [1]  becomes 

x  =  A.  +  'Bxlog.txs.  [2] 

The  base  of  the  hyperbolic  system  of  logarithms  e  =  2-718281828  and  the  dual  logarithm  of 
<  =  100000000,  =  108,  the  dual  logarithm  of  e  is  written  J,  «  =  10s.  Equation  [2]  may  be  put 
under  the  form  «*  =  ax*BjI;  taking  the  xih  root  of  both  aides  of  the  last  equation,  we  have 


=  a*  «*B 


Put    n5B  =  c,  then   —^  =a*;    therefore,  (-)    =a*B;    or  (  —  ]   = — —  ;     consequently 

ar§ 

(    -  ) «    =  ( — ,-  \  "  .     If  c  be  put  for  the  known  quantity  ( — —  \ »    and  y  for  —  ,  the  last 
Va2B/  ^a28' 

equation  becomes  y*  =  c,  hence  in  a  dual  form  we  have  y  |,  (y)  =  j,  (c) ;  [3].  A  general 
solution  of  all  equations  of  the  form  [3],  is  given  in  Part  II.  of  the  '  Art  and  Science  of  Dual 
Arithmetic,'  by  Oliver  Byrne. 

In  measuring  heights  by  the  barometer,  it  is  necessary  to  know,  to  the  greatest  nicety,  the 
ratio  of  the  density  of  mercury  to  that  of  air.  The  accurate  and  indefatigable  M.  Eegnault 
found,  at  Paris,  that  a  litre  of  air  at  0"  centigrade,  under  a  pressure  of  7GO  millimetres,  weighed 
1-293187  grammes;  and  at  the  level  of  the  sea,  in  latitude  45°,  it  weighed  1 -292G97  grammes. 
He  also  found  that  a  litre  of  mercury,  at  the  temperature  of  0°  cent.,  weighed  13595-93  grammes. 
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• 
A  litre  of  water,  at  its  maximum  density,  weighs  1000  grammes ;  therefore  the  ratio  of  the  density 

iqcqc.no  • 

of  mercury  to  that  of  air,  in  latitude  45°,  will  be  =  =  10517-49. 

1 '  29261)7 

At  Paris,  a  litre  of  atmospheric  air  weighs  1-293187  grammes;  but  this  number  ia  only  correct 
for  the  locality  in  which  the  experiments  were  made — that  is,  the  latitude  of  48°  50'  14",  and  a 
height  of  60  metres  above  the  level  of  the  sea.  Taking  1-292697  grammes  for  the  weight  of 
a  litre  of  air  under  the  parallel  of  45°  latitude,  and  at  the  same  distance  from  the  centre  of  the 
earth  as  that  at  which  the  experiments  were  tried,  to  be  1*292697  grammes,  then,  putting  v>  for 
the  weight  of  the  litre  of  air,  in  any  other  latitude,  any  other  distance  from  the  centre  of  the  earth, 
_  1  -292697  (1-00001885)  (1  -  -002837)  cos.  A. 

i+ii 

n 

n  =  6366198  metres,  the  mean  radius  of  the  earth,  q  the  height  of  the  place  of  observation 
above  the  mean  radius,  and  \  the  latitude  of  the  place.  In  applying  formula  [4]  to  a  particular 
example,  the  author  found  that  at  Philadelphia,  U.S.,  lat.  39°  56'  51" -5  N.,  the  weight  of  a 
litre  of  air  was  1-2914392  grammes;  the  ratio  of  the  density  of  mercury  to  that  of  air  at  the 
level  of  the  sea  was  10527-735 ;  and  n  =  6367653  mitres  at  Philadelphia. 

Kegnault  also  found,  by  experiments,  that  1-36706  represents  the  volume  of  air  at  100°  centi- 
grade thermom.,  the  volume  at  0°  being  supposed  =  1.  Before  the  time  of  Regnault,  these  and 
many  other  constants  were  greatly  in  error.  Experiments  show  that  air,  under  the  same  pressure, 
expands  uniformly  for  equal  increments  of  temperature ;  that  the  expansion  due  to  the  same 
increase  of  temperature  is  not  the  same  for  all  gases,  as  many  scientific  men  have  supposed. 
However,  in  air  the  expansion  for  a  unit  of  bulk  is  -36706,  according  to  Regnault,  from  the 
freezing  to  the  boiling  points ;  and  therefore  the  expansion  for  each  degree  of  Fahrenheit  ia  -j-^j 
of  -36706. 

Let  o  =  the  expansion  of  air  for  each  degree  of  the  thermometer,  k  =  the  ratio  of  the  elasticity 
of  air  to  its  density  at  the  temperature  of  melting  ice-;  then  the  bulk  at  the  temperature  x  will  be 
increased,  and  therefore  the  density  diminished  in  the  ratio  of  1  +  a  *  to  1 ;   consequently 
k  (1  +  a  x)  =  the  ratio  of  the  elasticity  to  the  density  at  the  temperature  x. 
p  =  the  elasticity,  }  at  the  surface  of 

g  =  the  force  of  gravity,  /       the  earth ; 
For  the  air,  let     P  =  the  elasticity  ]    at  the  altitude 


D  =  the  density  at  temp.  *,      a^  the  surface  - 
G  =  the  force  of  gravity,          al 

then  -^  =  k  (1  +  a*),  and  .-.  P  =  D  k  (1  +  ax). 

Then,  for  what  is  conventionally  termed  the  differential  of.P,  in  the  notation  of  the  differential 
calculus,  put  d  P  ; 

therefore,  P  —  d~P  =  the  pressure  at  the  altitude  (z  +  d), 
P  =  the  pressure  at  the  altitude  z. 

.-.  —  dP  =  the   difference  of  pressures  =  DGdz  =  -— — — ;  r  being  put  for  the  radius  of 
the  earth  where  the  observation  is  made. 

• =  ;L- ( } ,  and  hence,  by  integrating,  we  find 

P          4(1  + a*)   ^(r  +  z)2/ 

loe     P  = ^ 1 )  +  constant, 

10g<«  ^        *(l  +  a»)   U'+W 

•  ios    n  = I  —  )  +  constant  ; 

S*P       A(l  +  a*)   \r/ 

p  gt»        (\  1      \ 

consequently,  log.,  p  -  log..  P  =  log.,  -p  =  A(1'+ax)  \^  ~  7+~,  )•• 


A  rt    V*   ~   t**/       y*     -\-rnj 

From  experiment  it  also  appears  that  mercury  contracts  uniformly  as  its  temperature  decreases. 

H  =  height  of  barometer,         ) 

For  mercury,  let      M  =  density  of  mercury,  >  at  the  surface  of  the  earth  ; 

T  =  temperature  of  mercury,  ) 

and  H,,  Mn  T,,  the  same  quantities  respectively  at  the  altitude  * ;  and  -  =  the  condensation  of 

/        T  —  T  \ 

mercury  for  one  degree  of  the  thermometer ;  therefore,  M,  -  M  ( I  H — '  ) ;  but,  p  =  g  H 

and  P  =  G  H,  M,  =  r~^  (Ht)M 

P_'_ 


N 

Putting  h  for  fl  +  -     ^  J  H, ,  and  equating  the  hyperbolic  logarithms  of  the  last  ralu. 
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|j-  with  tho  value  before  found  [5],  we  have  777-7     -if-    -  )  =  loK-«  |  f  (  1  +  —  )   J ; 
*  *UTax;\r+2/  (  ft    \          r  J    ] 


Tho  temperature  x  has  been  sxipposed  to  remain  the  same  throughout  tho  whole  column  .-, 
whereas  it  always  decreases  as  we  ascend  from  the  surface  of  tho  earth  ;  but,  being  ignorant  of 
tho  law  of  this  change,  a  mean  value  (*•)  between  tho  values  at  the  two  stations  is  taken  and 
considered  constant:  the  mean  r,  being  substituted  for  x  in  tho  last  equation,  [1]  is  established. 

We  append  the  barometrical  Tables  of  M.  Mathrew,  from  which  the  heights  of  mountains  may 
be  found  by  mere  inspection.  This  method  will  be  found  useful  when  great  accuracy  in  not 
required,  or  when  an  observer  wishes  to  avoid  the  labour  of  calculating. 

These  Tables,  based  upon  Laplace's  formula,  are  sufficiently  extended  to  enable  heights — or 
rather,  differences  of  level — to  be  calculated  to  nearly  9000  metres. 

Let  us  suppose  the  following  observations  to  have  been  made : — 

(H,  height  of  the  barometer; 
T,  temperature  of  the  barometer ; 
t,    temperature  of  the  air. 
(h,   height  of  the  barometer  ; 
T',  temperature  of  the  barometer  ; 
t',   temperature  of  the  air. 

The  height  A  of  the  barometer,  at  the  temperature  T',  observed  at  the  upper  station,  becomes  h' 
when  brought  to  the  temperature  T  of  the  barometer  at  the  lower  station.  Now,  for  every  degreo 
centigrade,  the  expansion  of  mercury  is  0' 00018002;  that  of  brass,  according  to  the  barometric 

scale,  is  0-00001878;  and  the  difference  of  these  two  expansions  is  0-00016124  =  — -;  therefore 

0— 00 

T  — T' 


Let  s  be  the  height  of  the  lower  station  above  the  level  of  the  sea,  and  L  the  latitude  of  the  place. 
The  difference  of  level  Z  between  the  two  stations  is 

H 


1000 


Z  =  18336™  log.  _  x  {  (1  +  0-00265  cos.  2  L) 
Z  +  15926 


6366198     '    3183099// 
This  is  the  formula  to  which  the  equation  of  Celestial  Meclumics  is  brought  by  introducing  the 

term  ,  which  is  relative  to  the  height  s  of  the  lower  station  above  the  sea. 

oiooOJJ 

(T— T'\ 
1  +  -          J ;  therefore,  by  calling  M  =  0-4342945  the  modulus 

T  —  T' 

of  the  logarithms,  we  shall  have  log.  h'  —  log.  A  +  M  , 

then  18336 ™  log.  A'  =  18336™  log.  A  +  1™  •  2843  (T  -  T'), 

and  lastly,  18336"  log.  ?.  =  18336™  log.  ?  -  l™-2843  (T  -  T'), 

and  we  shall  be  enabled,  after  the  substitution,  to  put  the  foregoing  equation  in  the  following  form : — 


f 

I 


!  i 


\ 


1000 

/  Z  +  15926 

(  1  +  0-00265  cos.  2  L  + 


1    3183099 

It  is  from  this  complete  formula,  with  all  the  data  of  the  observations  H,  A,  T,  T',  t  and  t', 
that  the  following  barometrical  Tables  have  been  constructed. 
After  having  calculated  the  first  approximate  value  of  Z, 

a  =  18336  ™  log.  -^-  -  1  ™ '  2483  (T  -  T'), 

2  (t  -4-  tf) 

and  the  second,  A  =  a  — — — — ,  we  shall  have 
1000 

(l  +  0-00265  cos. 
Z  =  A       ) 

(14. L. 

\         3183099 

Table  I.  givea  the  metrical  values  of  18336™  log.  H  and  of  18336™  log.  A  for  barometrical 
heights  from  265  to  801  millimetres;  only,  all  those  values  are  diminished  by  the  constant 

44428™ -128,  which  neither  alters  the  value  of  the  term  18336™  log.  —  nor  of  the  difference 
18336™  log.  H  -  18336™  log.  A. 
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Table  II.  gives  the  correction  -  lm-2843  (T  -  T')  dependent  upon  the  difference  T  -  T  in 
the  temperatures  of  the  barometer  at  the  two  stations.  It  is  generally  subtractive.  It  would  be 
additive  if  T  —  T'  were  negative,  that  is,  if  the  temperature  T'  of  the  barometer,  at  the  upper 
station,  were  greater  than  the  temperature  T  at  the  lower  station. 

If  the  barometrical  scale  were  divided  upon  glass  or  upon  a  wooden  mounting,  the  correction, 
which  then  would  become  —  lm-43  (T  -  T'),  would  be  directly  obtainable  by  calculation. 

Table  III.  gives,  for  an  approximate  height  A,  and  the  latitude  L,  the  correction,  always  additiye, 


The  first  term  A  0*00265  cos.  2  L  arises  from  the  variation  of  gravity  between  the  latitude  of 
45  degrees  and  the  latitude  L  of  the  place  of  observation.    It  is  positive  between  the  equator  and 
45  degrees,  and  negative  between  45  degrees  and  the  pole. 
A  +  15926 

The  second  term  -  -  A  is  due  to  the  diminution  of  gravity  in  the  vertical  between 

the  two  stations  ;  it  is  always  positive  and  larger  than  the  first.     The  sum  of  these  two  terms  baa, 
therefore,  the  advantage  of  being  always  positive. 

The  small  correction  A  .  is  owing  to  the  height  s  of  the  lower  station  above  the  BC*. 

That  height  is  known,  but,  with  an  approximation  amply  sufficient,  we  may  take 

s  =  18336™  log.  ^- 
11 

The  correction  then  becomes  A  0  •  00576  log.  -==- 

H 

It  is  always  additive,  and  is  given  in  Table  IV.  It  is  obtained  at  the  lower  station,  together 
with  A  and  the  height  H  of  the  barometer. 

Method  of  performing  the  Calculation.  —  Take  from  Table  I.  the  two  numbers  corresponding  to 
the  barometrical  heights  H  and  A,  obtained  by  observation.  From  this  difference  subtract  tho 
correction  lm  '2843  (T  —  T'),  which  will  be  found  in  Table  II.,  together  with  the  thermometrical 
difference  T  —  T'  of  the  barometers.  The  approximate  height  a  will  thus  be  got. 

The  correction  a  —  ,  for  the  temperature  of  the  air,  has  next  to  be  calculated  by  multi- 

plying the  thousandth  part  of  a  by  twice  the  sum  of  the  temperatures  t  and  V.    It  bears  the  same 
sign  as  t  +  tf.    A  second  approximate  height  A  is  then  obtained. 

Having  A  and  the  latitude  L  of  the  place,  find,  in  Table  III.,  the  correction,  always  additive, 

A  (  0-00265  cos.  2  L  H  --  --—  1  ,  which  arises  from  the  variation  of  gravity  in  latitude,  and 
(.  6366198    ) 

its  diminution  in  the  vertical  between  the  two  stations. 

When  the  height  of  the  lower  station  is  rather  great,  or  when  the  height  H  of  the  barometer 
at  that  station  is  below  750  millimetres,  Table  IV-  will  give  the  additive  correction 

A  0-00576  log.  ~ 
11 

This  Table  has  a  double  entry,  but  the  correction,  which  never  varies  very  much,  may  be  easily 
gathered  at  sight  when  it  is  wished  to  take  it  into  account. 

Example.—  Measurement  of  the  height  of  Mont  Blanc,  by  MM.  Bravaia  and  Martins,  on  the 
29th  August,  1844.    Mean  latitude,  46  degrees. 

At  the  lower  station  : 
Height  of  the  barometer  at  the  Observatory  of  Geneva    ..      ..     H  =  7201»—  G5 

Barometrical  thermometer      ................ 

Free  thermometer    ....................      *    : 

At  the  upper  station,  1  metre  below  the  summit  : 
Height  of  the  barometer  ..................     L^*2*"* 

Barometrical  thermometer      ................     j  • 

Free  thermometer     ....................     *    : 

f  for  H  =  729m™  65        ..............      8069-9 

Table  I.  gives  |  for  h  =424«»»-05       ..............  -3748-1 

Difference     ........      4321™  • 

Table  II.  givesforT-T'  =  22°-8       ..............     -^ 

First  approximate  height  a    ..................      4292— 

Correction  2  («  +  O  =  4-292x23  -4  ............   +100-4 


Second  approximate  height  A 

Table  III.  gives  for  A  =4392  -9  and  L  =  46° 

Table  IV.  gives  for  H  =  729mm  and  4400» 


Difference  of  level  between  the  two  stations      ..      ..     4406"  • 

By  adding  408  metres  to  this  difference  of  level-the  height  of  the  Observatory  of  (• 
above  the  sea,  and  1  metre  more  for  the  distance  of  the  upper  station  below  the  auinmit 
the  height  of  Mont  Blanc  to  be  4815m'9  above  the  level  of  the  sea. 
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TABLE  I. 

Value  of  1833™  log.  H.  and  the  value  of  18336  ra  log.  A,  in  metres,  diminished  by  the  constant  44428  ra  •  1 28. 
II,  A,  millimetre*,  height  of  mercury  in  the  barometer  tube,  at  the  lower  and  upper  stations,- 
respectively.  . 


HorA.    Metre*. 

Difference.    II  IT  Y 

Metres. 

Difference.    II  or  Y 

Metres. 

Difference,   H  or  Y     Mbtres. 

Difference. 

MS- 

Mfl 

267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 

4-5 
84-5 
61  4 
94-1 
123-8 
153-4 
182-8 
212*1 
241-3 
270-5 
299-5 
328-4 
857-2 
385-9 
414-5 
443-0 
471-3 
499-6 
527-8 

80  0 
29-9 
29-7 
29-7 
29-6 
29-4 
29-3 
29-2 
29-2 
29-0 
28-9 
28-8 
28-7 
28-6 
28-5 
28-3 
28-3 
28-2 

330 
831 
332 
333 
334 
335 
(M 
337 
338 
839 
340 
341 
342 
343 
344 
345 
846 
347 
348 

1751-3 
1775  4 
1799-4 
1823-4 
1847-3 
1871-1 
1694-8 
1918-5 
1942-1 
11)65-6 
1989-1 
2012-5 
2035-8 
2059-0 
2082-2 
2105-3 
2128-4 
2151  -4 
2174-3 

24-1 
24-0 
24-0 
23-9 
23-8 
23-7 
23-7 
23-6 
23-5 
23-5 
23-4 
23-3 
23-2 
23-2 
23-1 
23-1 
23-0 
22-9 

395 
396 
897 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 

8183-1 
3203-2 
8223-3 
3243-3 
3263-3 
8283-2 
8303-1 
3322-9 
3342-7 
3362*5 
3382-2 
6401-8 
3421-4 
3440-9 
3400-4 
3479  9 
3499-3 
3518-6 
3537-9 

20-1 
20-1 
20-0 
20-0 
19-9 
19-9 
19-8 
19-8 
19-8 
19-7 
19-6 
19-6 
19  5 
19-5 
19-5 
19-4 
19-3 
19  3 

400 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 

•4n:;-5 
4430-8 
4448-0 
4465*1 
4482-3 
4499-4 
4516-5 

4550-5 
4507-5 
4584-4 
4001-3 
4618-1 
4034-9 
4651-7 
4608-5 
4685-2 
4701-9 

17-3 
17-3 
17-2 
17-1 
17-2 
17-1 
17-1 
17-0 
17-0 
17-0 
10-9 
16-9 
10-8 
16-8 
16-8 
16-8 
16-7 
10-7 

284 
285 
286 
287 
288 
289 
2110 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 

555-9 
583-9 
611-8 
639-6 
667-3 
694-9 
722-4 
749-8 
777-1 
804-3 
831-5 
853-5 
885-5 
912-3 
939-1 
905-8 
992-4 
1018-3 
1045-3 
1071  -6 
1097-3 
1124-0 
1150-1 
1176-1 
1202-0 
1227-8 
1253-5 
1279-1 
1304-7 
1330-2 
1355-3 
1380-9 
1406-1 
1431-3 

28  1 
28-0 
27-9 
27-8 
27-7 
27-6 
27-5 
27-4 
27-3 
27-2 
27-2 
27-0 
27-0 
26-8 
26-8 
26-7 
26-6 
20-5 
26-4 
26-3 
26-2 
26-2 
20-1 
26-0 
25-9 
25-8 
25-7 
25-6 
25-6 
25-5 
25-4 
25  3 
25*2 
25-2 

349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
301 
362 
303 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 

2197-1 
2219-9 
2242-6 
2265-3 
2287-9 
2310-4 
2332-9 
2355-3 
2377-6 
2399-9 
2422-1 
2444-2 
2406-3 
2488-3 
2510-3 
2532-2 
2554-1 
2575-9 
2597  -G 
2619-3 
2640-9 
2662-4 
2683-9 
2705-4 
2726-7 
2748-0 
2769-3 
2790-5 
2811-7 
2832-8 
2853-8 
2874-8 
2895-7 
2916-6 

22  8 
22-8 
22-7 
22-7 
22-6 
22-5 
22-5 
22-4 
22-3 
22-3 
22-2 
22-1 
22-1 
22-0 
22-0 
21-9 
21-9 
21-8 
21-7 
21-7 
21-6 
21-5 
21-5 
21-5 
21-3 
21-3 
21-3 
21-2 
21-2 
21-1 
21-0 
21-0 
20-9 
20-9 

414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 

3557-2 
3576-4 
3595-6 
3614-7 
3633-8 
3652-8 
3671-8 
3090-7 
3709-6 
3728-4 
3747-2 
3766-0 
3784-7 
3803-4 
3822-0 
3840-6 
3859-1 
3877-6 
3896-1 
3914-5 
3932-9 
3951-2 
3969-5 
3987-7 
4005-9 
4024-1 
4042-2 
4000-3 
4078-3 
4096-3 
4114-3 
4132-2 
4150-1 
4167-9 

19-2 
19-2 
19-1 
19-1 
19-0 
19-0 
18-9 
18-9 
18-8 
18-8 
18-8 
18-7 
18-7 
18-6 
18-6 
18-5 
18-5 
18-5 
18-4 
18-4 
18-3 
18-3 
18-2 
18  2 
18-2 
18-1 
18-1 
18-0 
18-0 
18-0 
17-9 
17-9 
17-8 

479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 

4718-5 
4735-1 
4751-7 
4708-2 
4784-7 
4801-2 
4817-6 
4834-0 
4850-4 
4806-7 
4883-0 
4899-3 
4915-5 
4931-7 
4947-9 
4904-0 
4980-1 
4996-2 
5012-2 
5028-2 
5044-2 
5000-2 
5070-1 
5032-0 
5107-8 
5123-6 
5139-4 
5155-2 
5170-9 
5186-6 
5202-3 
5217-9 
5233-5 
5249-1 

16-6 
16-6 
16-6 
16-5 
10-5 
10-5 
16-4 
16-4 
16-4 
16-3 
16-3 
16-3 
16-2 
16-2 
10-2 
16-1 
16-1 
10-1 
10-0 
16-0 
16-0  " 
16-0 
1.V9 
15-9 
15-8 
15-8 
15-8 
15-8 
15-7 
15  7 
15  7 
15-6 
15-6 
15-6 

318 
319 
320 
321 

1-456-4 
1481  -4 
1506-3 
1531-1 

25*1 
25-0 
24*9 
24*8 

383 
384 
385 
386 

2937-4 
2958-2 
2978-9 
2999-6 

20-8. 
20-8 
20-7 
20-7 

448 
449 
450 
451 

4185-7 
4203-5 
4221-2 
4238-9 

'  '8 
17-8 
17-7 
17-7 

17  -ft 

513 
514 
515 
516 

5264-6 
5280-1 
5295-6 
5311-0 

15-5 
15-5 
15-5 
15-4 

322 
323 

1555-9 
1580-6 

24-7 

387 
388 

3020-2 
o040-7 

20-5 

452 
453 

4256-5 
4274-1 

17-6 

517 
518 

5326-4 
5341-8 

15-4 

324 
325 
326 
327 
328 
329 
330 

1605-2 
1629-8 
1654-2 
1678-6 
1702-9 
1727-2 
1751-3 

24  -8 
21-6 
24-4 
24-4 
24-3 
24-3 
24-1 

389 
390 
391 
392 
393 
394 
395 

3061-2 
3081-6 
3102-0 
3122-4 
3142-7 
3162-9 
3183-1 

20'5 
20-4 
20-4 
20-4 
20'3 
20-2 
20-2 

454 
455 
456 
457 
458 
459 
460 

4291-7 
4309-2 
4326-7 
4344-1 
4361-5 
4378-9 
4396-2 

•6 
17-5 
17-5 
17-4 
17-4 
17-4 
17-3 

519 
520 
521 
522 
523 
524 
525 

5357-2 
5372-5 
5387-8 
5403-1 
5418-3 
5433-5 
5448-  7 

15-4 
15'3 
15-3 
15-3 
15-2 
15-2 
15-2 

BAROMETER. 
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Horfc 

Metres. 

Difference. 

HorA 

Metres. 

Difference. 

HorV 

Metres. 

Difference. 

Hor*. 

M.  :-.-,. 

iHffrmx*. 

525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 

5448-7 
5463-9 
5479-0 
5494-1 
5509-2 
5524-2 
5539-2 
5554-2 
5569-1 
5584-1 
5599-0 
5613-8 
5628-7 
5643-5 
5658-3 
5673-0 
5687-8 
5702-5 
5717-2 
5731-8 
5746-4 

15-2 
15-1 
15-1 
15-1 
15-0 
15-0 
15-0 
14-9 
15-0 
14-9 
14-8 
14-9 
14-8 
14-8 
14-7 
14-8 
14-7 
14-7 
14-6 
14-6 

U.ft 

594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 

6432-0 
6445-4 
6458-8 
6472-2 
6485-5 
6498-8 
6512-0 
6525-3 
6538-6 
6551-8 
6565-0 
6578-2 
6591-3 
6604-4 
6617-5 
6630-6 
6643-7 
6656-7 
6669-7 
6682-7 
6695-7 

13-4 
13-4 
13-4 
13-3 
13-3 
13-2 
13-3 
13-3 
13-2 
13-2 
13-2 
13-1 
13-1 
13-1 
13-1 
13-1 
13-0 
13-0 
13-0 
13-0 

663 
!  664 
665 
666 
i  667 
668 
669 
670 
671 
672 
673 
674 
,  675 
676 
677 
678 
679 
680 
681 
682 
683 

7P97-1 
7319-1 
7331-1 
7343-1 
7355-1 
7367-0 
7378-9 
7390-8 
7402-6 
7414-5 
7426'4 
7438*2 
7450-0 
7461-8 
7473-6 
7485-3 
7497-0 
7508-7 
7520-4 
7532-1 
7543-8 

12-0 
12-0 
12-0 
12-0 
11-9 
11-9 
11-9 
11-8 
11-9 
11-9 
11-8 
11-8 
11-8 
11-8 
11-7 
11-7 
11-7 
11-7 
11-7 
11-7 

732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
7.V> 

8095-5 
8106-4 
8117-3 
8128-1 
8138-9 
8149-7 
8160-5 
8171-3 
8182'1 
8192-9 
8-203-6 
8214-8 
8225-0 
82H5-7 
8246-4 
8257-1 
8267  '7 
8278-4 
8289-0 
8299-6 
8310-2 

10-9 
10-9 
10-S 
10  8 
10-8 
10  8 
10-8 
lO'S 
10-8 
10-7 
10-7 
10-7 
10-7 
10-7 
10-7 
10-6 
10-7 
10-6 
10  6 
10-6 

546 

547 

5761-0 
5775-6 

14-6 

H'ft 

615 
616 

6708-7 
6721-6 

12-9 

684 
685 

7555-5 
7567-1 

7 
11-6 

753 
754 

8320-8 
8331-4 

10*6 
10-6 

548 
549 
550 
551 

5790-2 
5804-7 
5819-2 
5833-6 

14-5 
14-5 
14-4 

617 
618 
619 
620 

6734-5 
6747-4 
6760-3 
6773-2 

12-9 
12-9 
12-9 

686 
687 
688 
689 

7578-7 
7590  3 
7601-9 
7613-5 

D 

n-6 

11  6 
11-6 

7;>;> 

756 
757 

758 

834P9 

8:;.vj-.j 
8363-0 
8373'S 

10-5 
10-5 
10  6 
10*5 

552 

5848-1 

U-/i 

621 

6786-0 

12-8 

690 

7625-0 

11-5 

759 

8384-0 

10-5 

553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
'575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 

5862-5 
5876-9 
5891-2 
5905-6 
5919-9 
5934-2 
5948-4 
5962-6 
5976-8 
5991-0 
6005-1 
6019-3 
6033-4 
6047-5 
6061-6 
6075-6 
6089-6 
6103-6 
6117-6 
6131-5 
6145-4 
6159-3 
6173-1 
6187-0 
6200-8 
6214-6 
6228-4 
6242-1 
6255-8 
6269-5 
6283-2 
6296-8 
6310-4 
6324-0 
6337-6 
6351-2 
6304-7 
6378-2 
6391-7 
6405-2 
6418-6 
6432-0 

14-4 
14-3 
14-4 
14-3 
14-3 
14-2 
14-2 
14-2 
14-2 
14-1 
14-2 
14-1 
14-1 
14-1 
14-0 
14-0 
14-0 
14-0 
13-9 
13-9 
13-9 
13-8 
13-9 
13-8 
13  8 
13-8 
13-7 
13-7 
13  7 
13-7 
13-6 
13-6 
13-6 
13-6 
13-6 
13-5 
13-5 
13-5 
13-5 
13-4 
13-4 

622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
6GO 
661 
662 
663 

6798-8 
6811-6 
6824-4 
6837-1 
6849-8 
6862-5 
6875-2 
6887-9 
6900-6 
6913-2 
6925-8 
6938-4 
6951-0 
6963-5 
6976-1 
6988-6 
7001-1 
7013-5 
7026-0 
7038-4 
7050-8 
7063-2 
7075-6 
7088-0 
7100-3 
7112-6 
7124-9 
7137-2 
7149-5 
7161-7 
7173-9 
7186-1 
7198'  3 
7210'5 
7222-6 
7234'  7 
7246-8 
7258-9 
7271-0 
7283-1 
7295-1 
7307-1 

13!  8 

12-8 
12-8 
12-7 
12-7 
12-7 
12'7 
12-7 
12-7 
12-6 
12-6 
12-6 
12-6 
12-5 
12-6 
12-5 
12-5 
12-4 
12-5 
12-4 
12-4 
12-4 
12-4 
12-4 
12-3 
12-3 
12-3 
12  3 
12-3 
32-2 
12-2 
12  2 
12-2 
12-2 
12-1 
12  1 
12-1 
12-1 
12-1 
12-1 
12-1 
12-0 

691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 

7636-5 
7648  0 
7659-5 
7671-0 
7682-5 
7694-0 
7705-4 
7716-8 
7728-2 
7739-6 
7751-0 
7762-3 
7773-6 
7784-9 
7796-2 
7807-5 
7818-8 
7830-1 
7841-3 
7852-5 
7863-7 
7874-9 
7886-1 
7897-3 
7908-4 
7919-6 
7930-7 
7941-8 
7952-9 
7963-9 
7975-0 
7986-0 
7!)!)7-0 
8008-0 
8019  0 
8030-0 
8041-0 
8051-9 
8062-8 
8073-7 
8084-6 
8095-5 

•5 
11-5 
11-5 
11-5 
11  5 
11-5 
11-4 
11-4 
11-4 
11-4 
11-4 
11-3 
11-3 
11-3 
11-3 
11-3 
11-3 
11  3 
11  2 
11  2 
11  2 
11-2 
11-2 
11-2 
11  1 
11-2 
11-1 
11-1 
11-1 
11-0 
11-1 
11-0 
11-0 
11  0 
11-0 
11-0 
11-0 
10-9 
10-9 
10-9 
10-9 
10  9 

760 
761 
762 
7*;:i 
764 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 

MID 

801 

8394-5 
840P9 
8415-4 
8425-  8 
8436-3 
KMt;-7 
8457-1 
8167-5 
8477-9 
8488-2 
8498-6 
8008-fi 
8519-2 
8529-5 
8639-8 
8550-1 
8560-4 
8570-6 
BS60-9 
8591-1 
8601-3 
8611'fl 
8621-7 
8681-9 
8642-0 
H»;;,U--J 
HCf-,-2  :; 
M7i*fi 

MI--J    I'. 

Hi  ;:»•_>  -7 
8702-8 
H712'8 
S7-J-J  :• 
- 
8743-0 
8758'fl 
8763-0 
8773*0 
8783-0 
8793-  0 
3809  :• 
8812*8 

10*5 
10-4 
10-5 
10-4 
10-5 
10-4 
10-4 
10-4 
10  4 
10-3 
10-4 
10  3 
10-3 
10-3 
10  3 
10  3 
10-3 
10-2 
10  3 
10  2 
10-2 
10-2 
10-2 
10  2 
KM 
10-2 
10  1 
10  -2 
10-1 

10-1 
10-1 

10-0 

111  I 

10-0 
10-1 
10  0 
10-0 
10-0 

10  0 

10  0 
9-9 
8-9 
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TABLE  II.— Corwtion :  —  lmt2S43(T  — 


T-r. 

0  "'V- 
tlon. 

T-r. 

(  •  ~T- 
Uuu. 

T—  T'. 

Correc- 
tion. 

j  T-T'. 

C0TTPC- 

lion. 

T  —  T. 

Correc- 
tion. 

T-T'. 

Correc- 
tion. 

o 

m. 

o 

m. 

0 

m. 

o 

m. 

o 

m. 

o 

m. 

o-o 

o-o 

4-2 

5-4 

8-2 

10'5 

12-2 

15-7 

1G-2 

20-8 

20-2 

25'J> 

02 

0-3 

4-4 

5-7 

8-4 

10-8 

12-4 

15-9 

16-4 

21-1 

20-4 

•Jt;-2 

04 

0-5 

4-6 

5-9 

8-6 

11-0 

12-6 

16'2 

1G-0 

21-3 

20-6 

2G'5 

06 

0-8 

4-8 

6-2 

8-8 

11-3 

12-8 

1G-4 

16-8 

21  -G 

20-8 

2<;-7 

08 

10 

5-0 

6-4 

9-0 

11-G 

13-0 

1G-7 

17-0 

21-8 

21-0 

27-0 

0 

13 

5-2 

6-7 

9-2 

11-8 

13-2 

17-0 

17-2 

22-1 

21-2 

27-2 

2 

1-5 

5-4 

6-9 

9-4 

12-1 

13-4 

17-2 

17-4 

22-3 

21-4 

27-5 

•4 

1-8 

5-6 

7-2 

9-6 

12-3 

13-6 

17-5 

17-6 

22-6 

21-G 

27-7 

•6 

2-1 

5-8 

7-4 

9-8 

12-6 

13-8 

17-7 

17-8 

22-9 

21-8 

28-0 

•8 

2-3 

6-0 

7-7 

10-0 

12-8 

14-0 

18-0 

18-0 

23-1 

22-0 

28-3 

20 

2-6 

6-2 

8-0 

10-2 

13-1 

14-2 

18-2 

18-2 

23-4 

22-2 

28-5 

2-2 

2-8 

G-4 

8-2 

10-4 

13-4 

14-4 

18-5 

18-4 

23-6 

22-4 

28-8 

2-4 

8-1 

6-6 

8-5 

10-G 

13-6 

14-6 

18-8 

18-6 

23-9 

22-6 

29-0 

2-6 

3-3 

C'S 

8-7 

10-8 

13-9 

14-8 

19-0 

.  18-8 

24-1 

22-8 

29-3 

2-8 

3-6 

7-0 

9-0 

11-0 

14-1 

15-0 

19-3 

19-0 

24-4 

23-0 

•_'••.-, 

3-0 

3-0 

7-2 

9-2 

11-2 

14-4 

15-2 

19-5 

19-2 

24-7 

23-2 

29-8 

3-2 

4-1 

7-4 

9-5 

11-4 

14-6 

15-4 

19-8 

19-4 

24-9 

23-4 

30-1 

3-4 

4-4 

7-6 

9-8 

11-6 

14-9 

15-6 

20-0 

19-6 

25-2 

23-6 

30-3 

3-6 

4-6 

7'8 

10-0 

11-8 

15-2 

15-8 

20-3 

19-8 

25-4 

23-8 

30-G 

8-8 

4-9 

8-0 

10-3 

12-0 

15-4 

16-0 

20-5 

20-0 

25-7 

24-0 

30-8 

4-0 

5-1 

: 

The  correction  is  subtracted  when  T  —  T'  ia  positive,  and  added  when  T  —  T'  is  negative. 

TABLE  III. 

i  A  +  15926  ^ 

Correction ;  A  {  -002G5  cos.  2  L  +  ^  -  \ ;  always  to  bo  added. 

\  uouOUo      / 


H.  ATht 

approxi- 

111  i'i:i^ 

to  A. 

LATITUDE  L. 

0" 

3° 

60 

90 

12° 

15" 

18«> 

21° 

24° 

27° 

3C° 

m. 

m. 

ra. 

ra. 

ra. 

ra. 

ro. 

m. 

ra. 

m. 

ra. 

m. 

100 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 

0-5 

0-4 

0-4 

0-4 

0-4 

200 

ro 

1-0 

1-0 

i-o 

1-0 

1-0 

0-9 

0-9 

0-9 

0-8 

0-8 

300 

1-6 

1-G 

1-G 

1-5 

1-5 

1-5 

1-4 

1-4 

1-3 

1-2 

1-2 

400 

2-1 

2-1 

2-1 

2-0 

2-0 

1-9 

1-9 

1-8 

1-7 

1-7 

1-G 

500 

2'G 

2-6 

2-6 

2-5 

2-5 

2-4 

2-4 

2-3 

2-2 

2-1 

2-0 

COO 

3-2 

3-1 

3-1 

3-1 

3-0 

2-9 

2-8 

2-7 

2-6 

2-5 

2-4 

700 

3'7 

3-7 

3-6 

3-6 

3-5 

8-4 

3'3 

3-2 

3-1 

2-9 

2-7 

800 

4-2 

4-2 

4-2 

4-1 

4-0 

3-9 

3-8 

3-7 

3-5 

3-3 

3-2 

900 

4-3 

4-8 

4-7 

4-6 

4-6 

4-5 

4-3 

4-1 

4-0 

3-8 

3-6 

1000 

5-3 

5-3 

5-3 

5-2 

5-1 

5-0 

4-8 

4-6 

4-4 

4-2 

4-0 

1100 

5-9 

5-8 

5-8 

5-7 

5-6 

5-5 

5-3 

5-1 

4-9 

4-7 

4-4 

1200 

G-4 

G-4 

6-3 

6-2 

6-1 

6-0 

5-8 

5-6 

5-4 

5-1 

4-8 

1300 

7-0 

G-9 

6-9 

6-8 

6-7 

6-5 

6-3 

6-1 

5-8 

5-5 

5-2 

1400 

7'5 

7-5 

7-4 

7-3 

7'2 

7-0 

6-8 

6-6 

6'3 

G-0 

5-7 

1500 

8-1 

8-1 

8-0 

7'9 

7-7 

7-5 

7-3 

7-1 

C-8 

G-4 

6-1 

1GOO 

8-8 

8-6 

8-5 

8-4 

8-3 

8-1 

7-8 

7-6 

7-2 

C-9 

G-5 

1700 

9-2 

9-2 

9-1 

9-0 

8-8 

8-6 

8-4 

8-1 

7-7 

7'4 

7-0 

1800 

9-8 

9-8 

9-7 

9-5 

9-3 

9-1 

8-9 

8-6 

8-2 

7-8 

7-4 

1900 

10-4 

10  3 

10-2 

10-1 

9-9 

9-7 

9-4 

9-1 

8-7 

8-3 

7-8 

2000 

10-9 

10-9 

10-8 

10-7 

10-5 

10-2 

9-9 

9-6 

9-2 

8-7 

8-3 

2100 

11-5 

11-5 

11-4 

11-2 

11-0 

10-8 

10-4 

10-1 

9-7 

9-2 

8-8 

2200 

12-1 

12  1 

12-0 

11-8 

11-6 

11-3 

11-0 

10-6 

10-2 

9-7 

9-2 

2300 

12-7 

12-6 

12-5 

12-4 

12-1 

11-8 

11-5 

11-1 

10-7 

10-2 

9-6 

2400 

13-3 

13  2 

13-1 

13-0 

12-7 

12-4 

12-1 

11-6 

11-2 

10-G 

10-1 

2500 

13-9 

13  8 

13-7 

13-5 

13-3 

13-0 

12-6 

12-2 

11-7 

11-1 

10-5 

2600 

14-5 

14  4 

14-3 

14-1 

13-9 

13-5 

13-1 

12-7 

12-2 

11-6 

11-0 

2700 

15  1 

15  0 

14-9 

14-7 

14-4 

14-1 

13-7 

13-2 

12-7 

12-2 

11-5 

2800 

15-7 

15-6 

15-5 

15-3 

15-0 

14-7 

14-2 

13-8 

13-2 

12-6 

12-0 

2900 

16-3 

16-2 

16-1 

15-9 

15-6 

15-2 

14-8 

14-3 

13-7 

13-0 

12-3 

3000 

16-9 

16-8 

16-7 

16-5 

16-2 

15-8 

15-3 

14-8 

14-2 

13-6 

12-9 

8500 

20-0 

19-9 

19-8 

19-5 

19-2 

18'7 

18-2 

17-6 

16-9 

16-1 

15-3 

4000 

23-1 

23-1 

22-9 

22-6 

22-2 

21-7 

21-1 

20-4 

19-6 

18-7 

17-8 

5000 

29-7 

29-6 

29-4 

29-0 

28-5 

27-9 

27-2 

26-3 

25-3 

24-2 

23-1 

6000 

36  6 

36  5 

36-2 

35-8 

35-2 

34-4 

33-5 

32-5 

31-3 

30-0 

28-6 

7000 

43-S 

43-7 

43-4 

42-9 

42-2 

41-3 

40-2 

39-0 

37-6 

3G-1 

34-5 

1 

BAROMETER. 
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Height 
approxi- 
mating 
to  A. 

LATITUDE  L. 

33° 

36° 

39° 

42° 

45° 

48° 

51° 

54° 

57° 

eo"1       |     63° 

m. 

m. 

m. 

rn. 

m. 

tn. 

m. 

m. 

m. 

m 

ID 

100 

0-4 

0-3 

0-3 

0-3 

0-2 

0-2 

0-2 

0-2 

o-i 

o-i 

0-1 

200 

0-7 

0-7 

0-6 

0-6 

0-5 

0-5 

0-4 

0-3 

0-3 

02 

0-2 

300 

1-1 

1-0 

0-9 

0-9 

0-8 

0-7 

0-6 

0-5 

0-4 

0-4 

0-3 

400 

1-5 

1-4 

1-3 

ri 

1-0 

0-9 

0-8 

0-7 

0-6 

0-5 

0*4 

500 

1-8 

1-7 

1-6 

1-4 

1-3 

1-2 

1-0 

0-9 

0-8 

0-6 

0*5 

COO 

2-2 

2-1 

1-9 

T7 

1-6 

1-4 

1-2 

1-1 

0-9 

0-8 

0-6 

700 

2-6 

2-4 

2-2 

2-0 

1-8 

1-6 

1-4 

1-3 

1-1 

0-9 

0-7 

800 

3-0 

2-8 

2-5 

2-3 

2-1 

1-9 

1-7 

1-4 

1-2 

10 

0-9 

900 

3'4 

3-1 

2-9 

2-7 

2-4 

2-1 

1-9 

1-6 

1-4 

1-2 

1-0 

1000 

3-7 

3-5 

3-2 

2-9 

2-7 

2-4 

2-1 

1-8 

1-6 

1-3 

1-1 

1100 

4-1 

3-8 

3-5 

3-2 

29 

2-6 

2-3 

2-0 

1-8 

1-5 

1-2 

1200 

4-5 

4-2 

3-9 

3-6 

3-2 

2-9 

2-6 

2-2 

1-9 

1-6 

1-4 

1300 

4-9 

4-6 

4-2 

39 

3-5 

3-2 

2-8 

2-5 

2-1 

1-8 

1-5 

1400 

5'3 

5-0 

4-6 

4-2 

3-8 

3-4 

3-0 

2-7 

2-3 

1-9 

1-6 

1500 

5-7 

5-3 

4-9 

4-5 

4-1 

3-7 

33 

2-9 

2-5 

2-1 

1-8 

1600 

6-1 

5-7 

5-3 

4-9 

4-4 

4-0 

3-5 

3-1 

2-7 

2-3 

1-9 

1700 

6-5 

6-1 

5-6 

5-2 

4-7 

4-2 

3-8 

3-3 

2-9 

2-5 

2-1 

1800 

7'0 

6-5 

6-0 

5-5 

5-0 

4-5 

4-0 

3-5 

8-1 

2-6 

2-2 

1900 

7-4 

6-9 

6-4 

5-8 

5-3 

4-8 

4-3 

3-8 

8-3 

2-8 

24 

2000 

7-8 

7-3 

6-7 

6-2 

5-6 

5-1 

4-5 

4-0 

3-5 

8-0 

2-5 

2100 

8-2 

7-7 

7-1 

6-5 

5-9 

5-4 

4-8 

4-2 

3-7 

8-2 

2-7 

2200 

8-6 

8-1 

7'5 

6-9 

6-3 

5-7 

5-0 

4-5 

3-9 

8-3 

2-8 

2300 

9-1 

8-5 

7-8 

7-2 

6-6 

5-9 

5-3 

4-7 

4-1 

8-5 

3-0 

2-100 

9-5 

8-9 

8-2 

7-6 

6-9 

6-3 

5-7 

5-1 

4-3 

8-7 

82 

2500 

9-9 

9-2 

8-6 

7'9 

7-2 

6-5 

5-9 

5-2 

45 

8-9 

8-3 

2600 

10-4 

9-7 

9'0 

8-3 

7-6 

6-8 

6-1 

5-4 

4-8 

4-1 

85 

2700 

10-8 

10-1 

9-4 

8-6 

7-9 

7-1 

6-4 

5-7 

5-0 

4-3 

87 

2800 

11-3 

10-5 

9-8 

9-0 

8-2 

7-5 

6-7 

5-9 

5-2 

4-5 

3-9 

2900 

11-7 

11-0 

10-2 

9-4 

8-6 

7-8 

7-0 

62 

5-5 

4-7 

41 

SOOO 

12-2 

11-4 

10-6 

9-8 

8-9 

8-1 

7-3 

6-5 

5-7 

4-9 

42 

3500 

14-4 

13-5 

12-6 

11-6 

10-7 

9'7 

8-8 

7-8 

6-9 

6-0 

5-2 

4000 

16-8 

15-8 

14-7 

13-6 

12-5 

11-4 

10-3 

9-2 

8-2 

7-2 

6-3 

5000 

21-8 

20-5 

19-2 

17-8 

16-4 

15-0 

13-7 

12-3 

11-0 

9-8 

8-7 

6000 

27-1 

25-6 

24-0 

22-3 

20-7 

19-0 

17-4 

15-8 

14-2 

12-7 

11-3 

7000 

32-8 

30-9 

29-1 

27-1 

25-2 

23-3 

21-4 

19-5 

17-7 

15-9 

14-3 

TABLE  IV. — Diminution  of  weight  in  the  vertical  due  to  the  heights  of  the  lower  station. 
Correction ;  A  (  '00576  log.  -=-  J ;  always  to  be  added. 


Height 
approxi- 
mating 
to  A. 

HEIGHT  OF 

BAROMETF 
580 

B  AT  LOWER  STATION. 

460 

490 

520 

550 

610 

640              670 

TOO 

730 

m. 

m. 

m. 

m. 

m. 

m.             ra. 

rn. 

rn. 

m. 

ra. 

100 

O'l 

o-i 

o-i 

0-1 

o-i 

01 

00 

o-o 

o-o 

o-o 

200 

0'3 

0'2 

0-2 

0-2 

o-i 

0-1 

o-i 

o-i 

o-o 

00 

300 

0-4 

0'3 

0-3 

0-2 

0-2 

0-2 

o-i 

01 

o-i 

o-o 

400 

0'5 

0'4 

0-4 

0-3 

0'3 

0-2 

0-2 

o-i 

o-i 

o-o 

500 

0-6 

0-5 

0-5 

0-4 

0-3 

0'3 

0-2 

0-2 

o-i 

O'l 

600 

0-8 

0-7 

0-6 

0-5 

0'4 

0-3 

0-3 

0-2 

01 

o-i 

700 

0-9 

0'8 

0'7 

0-6 

0-5 

0-4 

0-3 

0-2 

o-i 

o-i 

800 

1-0 

0-9 

0-8 

0-6 

0-5 

0-4 

0-3 

0-3 

02 

o-i 

900 

1-1 

1-0 

0-9 

0-7 

0-6 

0-5 

0'4 

0-3 

02 

01 

1000 

T3 

11 

0-9 

0-8 

0-7 

0-6 

0'4 

0-3 

02 

01 

1200 

1-5 

1-3 

1-1 

1-0 

0-8 

0-7 

0-5 

0-4 

0-2 

01 

1400 

1-8 

1-5 

1-3 

1-1 

0-9 

0-8 

0-<; 

04 

03 

o-i 

1600 

2-0 

1-8 

1-5 

1-3 

ri 

0-9 

0-7 

05 

03 

02 

1800 

2-3 

2-0 

1-7 

1-5 

1-2 

1-0 

0-8 

06 

04 

0  2 

2000 

2-5 

2-2 

1-9 

1-6 

1-4 

1-1 

0-9 

0-6 

04 

0  2 

2200 

2-8 

2-4 

2-1 

1-8 

1-5 

1-2 

0-9 

0-7 

0-5 

02 

2400 

3-0 

2'6 

2-3 

1-9 

1-6 

1-3 

ro 

08 

05 

02 

2600 

3-3 

2-9 

2-5 

2-1 

1-8 

1-4 

1-1 

0  8 

05 

03 

2800 

3-5 

3-1 

2-7 

2-3 

19 

1-5 

1-2 

09 

06 

3000 

3-8 

3-3 

2-8 

2-4 

20 

1-6 

1-3 

09 

06 

(i  :t 

4000 

5-0 

4-4 

3-8 

32 

2-7 

2-2 

1-7 

13 

0-8 

04 

5000 

5-5 

4-7 

4-0 

3-4 

2-8 

21 

1-6 

ro 

0-5 

6000 

4-9 

4-1 

3-3 

2-6 

1-9 

1-2 

00 

7000 

.. 

8-0 

2'2 

T4 

0-7 

8000 

•• 

•• 

•• 

•• 

1'6 

0'8 

ft  2 


244  BARRACKS. 

BARRACKS.     FR.,  Ccotr**;  GEB.,  Castrne;  ITAL.,  Castmt;  SPAN.,  Casenuu. 

Barrack.— The  word  l>arrack  is  probably  derived  from  the  Saxon  Parruc,  an  enclosure,  or  from 
tho  SpanUh  Ifamtccas,  Rmall  huts  for  fishermen,  and  is  the  general  terra  employed  in  this  country 
for  a  bufldillg  or  collection  of  buildings  of  a  permanent  nature  used  for  the  residence  of  troops; 
while  buildings  of  a  less  permanent  kind,  such  as  at  Aldershot  or  the  Curragh,  we  generally  e;dl 
camps.  On  the  Continent,  however,  the  term  equivalent  in  sound  to  our  barracks  appears  limited 
to  huts  ">r  field-huts,  \\hilo  the  more  permanent  buildings  are  called  casernes,  or  caserme,  derived, 
iu>  doubt,  fn>iu  tho  Spanish  or  Italian,  (,'osa,  a  house.  The  Germans  generally  have  adopted  the 
French  term. 

In  the  mediaeval  ages,  and  before  standing  armies  formed  a  part  of  the  institution  of  the 
country,  soldiers  were  generally  lodged  in  the  different  feudal  or  royal  fortresses,  which  occupied 
the  principal  strong  positions,  both  for  offence  and  defence,  throughout  the  kingdom;  but  after 
tho  Revolution,  and  more  particularly  in  Ireland,  where  it  was  necessary  to  keep  up  a  very 
numerous  force,  we  begin  to  find  large  sums  expended  in  the  construction  of  buildings  for  the 
purposes  of  our  modern  barracks.  In  the  reign  of  the  first  George,  tho  Royal  Barracks,  Dublin, 
were  thus  erected,  affording  accommodation  at  that  period  for  perhaps  5000  men,  on  an  area  of 
about  14  acres,  although,  owing  to  the  enlarged  cubical  space  now  allotted  to  each  soldier,  they  will 
accommodate  no  more  than  1800.  Few,  therefore,  if  any  of  our  barracks  present  any  archfeologieul 
interest  extending  further  back  than  the  middle  or  latter  end  of  the  last  century,  if  we  except  the 
generally  incongruous  alterations  effected  in  some  of  our  old  fortresses  to  accommodate  our  soldiers, 
such  as  those  in  Edinburgh  and  Stirling  Castles,  the  Tower,  Dover  Castle,  Yarmouth,  &c.,  &c. 
The  officers'  quarters  at  Dover  Castle  are  a  creditable  adaptation  of  the  architecture  of  the 
existing  buildings.  A  very  good  idea  of  what  military  lodging  in  the  middle  ages  was,  may  be 
obtained  by  inspecting  the  lower  stories  of  Roslin  Castle,  the  keep  at  Newcastle,  and  other 
undermines  of  castles  of  that  period. 

With  the  exception  of  a  few  on  a  large  scale,  built  during  the  last  century,  or  in  the  early  part 
of  the  present  one — such  as  those  of  Dublin,  Cork,  and  Fermoy,  in  Ireland :  the  cavalry  barracks  of 
Piershill,  near  Edinburgh ;  those  of  York  and  Canterbury — the  greater  part  of  our  barracks  were 
composed  of  mere  makeshifts,  many  of  them  in  the  heart  of  largo  towns,  cribbed  and  confined  in 
space,  overcrowded,  and  quite  devoid  of  any  sanitary  arrangements,  drainage,  or  even  a  proper 
supply  of  water. 

It  was  not  until  the  General  Report  of  the  Commission  appointed  for  improving  the  Sanitary 
Condition  of  Barracks  and  Hospitals  appeared  in  1801,  that  any  idea  could  be  formed  of  the 
real  state  of  the  existing  dwellings  of  the  British  army  in  the  United  Kingdom,  extending  in 
number  to  243  distinct  barracks,  and  167  hospitals.  Many  of  them  are  described  as  being  built 
in  densely-peopled  neighbourhoods,  and  closely  surrounded  by  dwellings  of  the  civil  population, 
often  of  the  very  lowest  classes.  Some  of  the  Metropolitan  barracks,  such  as  St.  George's,  behind 
the  National  Gallery,  and  Portmnn  Barracks,  are  especially  notorious  in  this  respect,  and  also 
many  of  those  in  Portsmouth ;  Knightsbridge  Barrack  is  also  specially  condemned.  In  numerous 
eases,  existing  barracks  consist  of  blocks  of  private  buildings,  or  ordinary  dwelling-houses,  often 
in  low  neighbourhoods,  in  which,  owing  to  political  or  other  causes,  it  was  at  some  period  deemed 
desirable  to  station  troopa,  Buch  as  the  Ship  Street  and  Linen  Hall  Barracks  in  Dublin,  the 
barracks  in  Cashel,  Galway,  and  many  other  towns  in  Ireland,  and  in  the  manufacturing  districts 
in  England  and  Scotland.  In  such  cases,  no  sanitary  improvements  short  of  entire  demolition  and 
reconstruction  can  ever  afford  accommodation  adequate  to  what  modern  hygiene  would  require. 
Even  in  more  recent  times,  when  money  has  not  been  spared,  and  it  would  be  naturally  supposed 
the  faults  of  older  buildings  would  be  avoided,  our  barrack  architects  or  engineers  have  not  been 
more  successful — witness,  the  Guards'  Barracks  in  St.  James's  Park,  the  new  barracks  in  the  Tower 
and  in  Edinburgh  Castle,  the  Cavalry  Barracks,  Hounslow,  and  many  others  we  could  mention. 
As  the  unit  of  600  cub.  ft.  space  a  man  is  now  generally  adopted  as  the  minimum  for  barrack 
accommodation,  it  will  be  sufficient  to  state,  that  when  the  late  Commission  inspected  the  bar- 
neks  of  the  United  Kingdom,  they  found  under  the  existing  regulations  provision  made  for 
75,800  men,  giving  each  a  cubic  space  varying  from  290  ft.  to  550  ft.  a  man ;  while  at  the  rate 
of  600  ft.  a  man,  only  53,800  could  be  accommodated,  showing  a  deficiency  of  barrack  room  for 
22.000  men.  In  the  Chatham  district  alone,  100  men  were  accommodated  in  the  space  sufficient 
only  for  57. 

The  Barrack  Commissioners,  however,  do  not  involve  all  existing  barracks  under  a  sentence  of 
condemnation.  Some  of  the  block  arrangements  of  the  Irish  barracks,  especially  those  of  Parsons- 
town,  Templemore,  Naas.  Dundalk,  Island  Bridge,  and  Beggars'  Bush  Barracks,  near  Dublin,  are 
commended,  as  well  as  the  more  modem  barracks  at  Bury  and  Ashton,  in  Lancashire,  and  York 
Cavalry  Barracks. 

The  recommendation  of  the  Commission  generally  as  to  drainage,  warming,  water-supply, 
ablution,  and  other  sanitary  arrangements,  have  been  gradually  carried  out  wherever  possible 
during  the  last  seven  or  eight  years,  although,  from  economical  motives  connected  with  the  War 
Department  administration,  much  remains  yet  to  be  done. 

The  most  recently  built  and  improved  barrack  in  London  is  that  of  Chelsea,  near  the  Royal 
Hospital,  constructed  for  a  battalion  of  the  Guards,  from  the  designs  of  G.  Morgan,  who 
obtained  the  appointment  of  architect  by  public  competition  in  1858-9.  It  possesses  all  tho 
required  necessaries  and  accessories  for  modern  military  dwellings,  including  gymnasium,  married 
soldiers'  barracks,  chapel,  provost,  stores,  hospital,  and  so  on,  and  cost  on  the  whole  a  sum  of 
296,000/.,  or  about  245/.  a  head,  including  all  ranks;  but  which  sum  included  the  purchase  of 
a  very  expensive  site. 

The  subjoined  sketch,  Fig.  554,  shows  two  units  of  barrack-rooms,  complete,  with  the  passage 
between  them,  or  one  floor  of  a  barrack-house,  in  the  new  Chelsea  Barracks.  Each  house,  as  it  con- 
sisted of  two  or  three  floors,  would  contain  four  or  six  units,  to  accommodate  twenty  men  each. 
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Chelsea  Barracks  consist  simply  of  a  number  of  units  such  as  those  shown  in  Fi<*  55 I 

in  a  straight  line  of  about  1000  ft.  in  length,  with  a  detached  building  for  the  staff-oflicenTft 

end,  and  for  the  staff-sergeants  at  the  other.    In  the  rear  are  placed  the  miscellaneous  Lui 

554. 
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BARRACK       ROOM 
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BARRACK     ROOM 
FOR    TWENTY    MEN 
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The  synopsis,  given  page  247,  shows  the  different  buildings  deemed  necessary  for  the  accom- 
modation of  a  battalion  of  infantry  1200  strong. 

Married  Soldiers'  Quarters.— During  the  last  few  years,  quarters  for  married  soldiers.  Fig  555 
affording  one  room  of  about  220  superficial  area  to  each  married  soldier,  or  about  6  per  cent  on 
the  regimental  strength,  nave  been  built 
at  the  principal  barracks  in  the  United 
Kingdom,  with  all  necessary  out-offices, 
*  washing  and  ablution  rooms,  at  a  cost  of 
about  ISO/,  each  man. 

Constructive  Elements  of  Healthy  Bar- 
rack-rooms.— The  elements  of  healthy  bar- 
rack-room construction  are : — 

1.  Accommodation  for  20  to  30  beds 

in  each  room,  at  GOO  cub.  ft. 
per  head. 

2.  Height  of  room,  11  to  12  ft. 

3.  Breadth  of  room,  19  to  20  ft  Ground-plan  of  Married  Soldiers'  Quarters. 

4.  Windows  equal  to  one-half  the 

number  of  beds,  arranged  on  opposite  sides  of  the  room. 

5.  No  more  than  two  rows  of  beds  in  each  room;  and  5  ft.  in  breadth,  at  least,  allowed  for 

each  bed. 

6.  No  barrack-room  to  contain  a  sergeant's  bunk. 

Each  barrack-room  should  have  a  sergeant's  room  opening  from  the  landing  or  passage  and 
connected  with  the  barrack-room,  and  opposite  the  entrance,  there  should  be  a  well-lighted  and 
ventilated  lavatory,  with  fixed  ablution-basins,  and  proper  water-service  laid  on.  One  oasm  will 
be  sufficient  for  every  ten  men.  In  the  same  room  should  be  placed  a  night-urinal. 

The  barrack-room  unit  would  then  consist  of  (1 )  barrack-room,  (2)  sergeant's  room,  (3)  ablution- 
room.  (4)  night-urinal ;  and  a  barrack  would  consist  of  a  number  of  these  units  arranged  aa  tho 
available  space  may  allow. 

Lighting. — Home  barracks  are  now  generally  lighted  with  gas,  except  in  very  remote  situations. 
No  gas,  at  the  public  expense,  is  allowed  for  officers'  quarters,  except  for  the  mesa  establishment 
and  passages.  Gas-lights,  when  properly  arranged,  afford  great  facilities  for  tho  improvement  of 
the  ventilation  of  soldiers'  rooms. 

Articles  of  Regulation-pattern,  $c. — To  ensure  uniformity  as  well  as  economy,  articles  of  regula- 
tion-pattern, such  as  iron  shelving,  skirting,  latrines,  and  ablution  apparatus,  ash  bins,  sinks, 
cooking  apparatus  of  every  kind,  wash-house  fitments,  urinals,  and  so  on,  are  now  used  generally 
both  in  construction  and  repair  of  all  barracks  in  the  United  Kingdom,  as  well  ns  those  in  tho 
Colonies  when  circumstances  will  admit.  Rules  are  also  laid  down  for  the  thickness  of  floors 
description  of  doors,  gates,  &c.,  to  be  used  generally.  The  external  painting  of  barracks  ia 
performed  every  four,  and  the  internal  every  seven  years. 

Although  the  majority  of  our  barracks  have  been  constructed  without  any  regard  to  their 
defence  in  case  of  attack  by  a  mob  or  insurrectionary  body,  yet,  within  tlie  last  few  yt-ars,  it  is  laid 
down  as  a  general  rule  that  they  should  be  sufficiently  fortified,  by  loop-holed  flanking  defences 
or  otherwise,  to  resist  a  coup  de  main  at  least.  Many  of  the  Irish  barracks  are  so  constructed,  and 
those  at  Ashton  and  Bury,  in  Lancashire,  have  flanking  defences  at  tho  angles.  On  the  other 
hand,  we  find  many  barracks  so  commanded  by  surrounding  buildings,  as  to  be  hopelessly  untenable 
in  case  of  a  resolute  attack. 

In  addition  to  the  buildings  themselves,  the  War  Department  provides  the  necessary  articles  of 
furniture,  bedding,  and  cooking  utensils  for  all  soldiers'  and  non-commissioned  officers'  quarters. 
For  officers'  quarters,  large  fixtures  only,  such  aa  presses,  kitchen  tables  and  dressers,  racks  and 
pins,  curtain-cornices,  and  so  on.  are  provided  at  the  publio  expense.  All  wilful  damage  committed 
by  the  occupants  must  be  made  gooa  by  them  without  cost  to  the  public. 

Maintenance. — Both  the  designing  and  repairs  of  all  barracks  are  now  carried  on  under  the 
supervision  of  the  Director  of  Works,  who  has  under  him  the  officers  of  the  corps  of  Royal 
Engineers  and  the  Civil  Branch  of  Royal  Engineers'  Department.  Formerly  there  was  a  Board 
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of  Commissioners  for  Barracks,  but  tbeir  office  was  abolished  by  the  late  Duke  of  Wellington  in 
1818,  \\licu  Mn.-toMieiienil  of  the  Onliijiniv.  ami  their  duties  transform!  to  tlio  corps  of  Uoyal 
Engineer*.  An  officer  uaiued  barrack-master  is  placed  in  local  supervision  und  charge  of  all  our 
principal  barrack*. 

Tho  total  Hum  voted  for  the  construction  and  repairs  of  barrack  buildings 

in  tin-  I  niti  (1  Kingdom,  for  the  year  ending  31st  March,  1869,  was    ..    £319,229 
For  those  in  the  Colonies 142,905 

Total     £462,134 

Faulty  Construction. — The  principal  faults  in  the  construction  of  existing  barracks  are  those  of 
site,  di •!'< rti\o  drainage,  and  ventilation :  the  crowding  of  the  blocks  of  buildings  too  close  on  each 
other,  or  piling  floors  too  high;  back-to-back  barrack-rooms  with  windows  only  on  one  side,  as  in 
the  Wellington  Barracks  and  Edinburgh  Castle,  are  especially  condemned ;  also  long,  narrow,  dark 
corridors,  as  in  Houuslow  Barracks;  defective  water-supply  and  the  use  of  wells  generally  ;  and 
placing  the  soldiers'  rooms  over  the  stables,  as  is  the  case  in  too  many  modern  cavalry  barracks. 

Approved  Construction. — The  approved  construction  of  a  barrack  may  be  comprised  in  a  few  words. 
It  should  be  as  simple,  yet  as  durable  as  possible ;  the  walls  built  hollow,  to  preserve  the  rooms  from 
damp,  and  the  spaces  under  the  floors  properly  ventilated ;  the  floors  and  stair-cases  to  be  fire- 
proof, the  former  constructed  of  wrought-iron  joists,  bedded  in  concrete,  and  the  latter  on  as  easy 
inclines  as  possible.  Provision  should  be  made  for  collecting  the  rain-water  falling  on  roofs, 
which  is  always  valuable  for  washing  and  cooking  purposes.  The  site  should  have  sufficient 
elevation  to  anord  easy  drainage,  and  every  care  should  be  taken  to  make  all  parades  and  exer- 
cising-grounds  as  solid  and  dry  as  possible.  Fresh  air,  warmed  by  proper  stoves,  should  be  intro- 
duced into  each  room,  so  as  to  keep  the  temperature  as  near  as  possible  steady  to  60°  Fahr. ;  while 
up-cast  shafts,  to  remove  all  foul  air,  should  be  formed  from  enoh  room  at  opposite  corners.  The 
latrines,  urinals,  ablution-rooms,  and  baths,  should  be  plentifully  supplied  with  water  laid  on  with 
a  proper  head  of  pressure,  either  by  direct  service  or  from  tanks  or  cisterns  placed  at  a  proper 
height.  The  introduction  of  wrought  and  cast  iron  iu  joists,  sashes,  &o.,  recommended  wherever 
possible,  as  the  wear  and  tear  of  material  in  barracks  is  enormous.  The  floors  should  be  of  wood, 
but  those  of  ablution  and  bath  rooms  of  asphalte ;  and  of  cook-houses,  &c.,  flagging  or  tiles  of  a 
durable  nature. 

REGIMENTAL  HOSPITAL  ESTABLISHMENT. 
[Part  of  the  tabulated  arrangement,  page  247.] 

7  per  cent,  to  be  provided  on  barrack  accommodation. 
1200  ft.  of  cubic  space  a  bed,  and  80  to  100  sq.  ft.  a  bed. 

Ground  Floor. 


Feet. 


Wards :— No.  2  large      1020x26x14 
„     email       ..        20  x  13 

Waiting-room     18  x  11 

Day-room 18  x  15 


Feet 


No.  2  nurses' rooms       ..      ..  11  x    9.4 

Surgery 18x11 

Scullery 11  x    9 

Water-closets,  sinks,  &c. 


First  Floor. 


Orderlies' room 26.9x18 

Lavatory     8      X    5 

Water-closet  and  urinal. 


Clean-linen  store 20  x  13 

Bedding-store         15  x  10 

Pack-store       18  x  11 


Kitchen  Building. 

Quarters  for  hospital-sergeant  and  steward,  one  room  each 20x13 

Kitchen 15  x  14 

Scullery  and  beer-cellar        \                                                                         !  Si/e 

Cook's  room      I  according  to 

Room  for  medical  comforts    |       j  available 

Larder      )                                                                      I  space. 

Yard. 


Feet. 

Foul-bedding  store..      ..  10  x    8 

Coal  and  wood  stores      ..  10  x    8 

Wash-house  and  laundry,  each   14  x  16 


Feet 

Dead-house     ..      ..      *.      ..     12  x  12 
No.  4  latrines, 
urinals. 


Cavalry  Barracks. — The  general  arrangements,  and  cubical  space,  for  the  officers  and  men,  mess 
establishment.  &c..  of  a  barrack  for  a  regiment  of  cavalry,  do  not  differ  much  from  the  accommo- 
dation provided  for  an  equal  number  of  infantry.  The  open  areas  for  parades,  exerci sing-grounds, 
and  the  like,  however,  require  to  be  larger. 

In  modern  cavalry  barracks  several  important  sanitary  improvements  have  been  recently 
made.  In  many  of  the  older  existing  barracks,  including  Knightsbridge,  Regent's  Park,  Hounslow, 
Hampton  Court,  Brighton,  York  Old  Barracks,  Hulme,  Preston,  Sheffield,  Canterbury,  Piershill 
near  Fxlinburgh,  Dublin  Royal  Barracks,  Island  Bridge,  and  several  others,  the  men's  rooms  are 
situated  over  the  Blables,  an  arrangement  which  possesses  some  conveniences,  but  which  is  strongly 
condemned  in  the  Report  of  the  Barrack  Commission  of  1861.  We  may  mention  among  cavalry 
barracks  in  which  this  objectionable  arrangement  does  not  exist,  those  of  Dundalk,  see  Fig.  556, 
which  is  one  of  the  best  of  all  our  cavalry  barracks ;  Newbridge,  near  the  Curragh  Camp ;  Cahir ; 
the  New  York  Barracks;  Maidstone,  and  other  places. 
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SYNOPSIS  OF  A  BARRACK  TO  CONTAIN  A  BATTALION  OF  INFANTBY  1200  STRONG,  OB  12  COXPAXXM. 


1  Lieut-colonel. 
2  Majors. 
12  Captains. 
14  Lieutenants 
10  Ensigns. 

1  Paymaster. 
1  Adjutant 
1  Quartermastei  . 
1  Surgeon. 
1  Assistant-surgeon. 

7  Staff-sergeants,  Class  A. 
19      ,,          .,          .,     B. 
23  Married  Sergeants. 
12  Single            ,, 
24  Drummers. 

50  Corporals. 
76  Married  Soldier*. 
874  Private*. 
1  Canteen  Sergeant 
1  Librarian. 

1  Htm  man. 
1  Mew-wiuurr. 
1  QNfc 

btub..i.b'  KT  -  !.   :».. 

ACCOMMODATION. 


a) 

Commanding  Officers 
Quarters. 

(2) 
Field  Officers'  Quarters. 

(3) 
Officers'  Quarters. 

(11) 
Regimental  Store*, 

Feet 
2  Sitting-rooms     .  .     20  x  18 
2  Bed-rooms  .  .     .  .     20  x  IS 
2  Servants'  rooms.  .     16X15 
Kitchen,      scullery,      larder, 
water-closets,    and    other 
out-offices. 

Feet 
1  Sitting-room       .  .     .  .    18  x  16 
1  Bed-room    18X16 
1  Servant's  room  ..     ..     16X15 
Water-closet,  small  yard,  and  out- 
bouse. 

Feet 

1  Room  each     ..     ..    18x16 
Servant's  room,  for  27  ,fl  v 
officers    f  18  X  16 
Water-closets,  1  for  4  officers. 
Sink. 
Yard. 
Out-house. 
Latrine,  1  for  10  servants. 

Feet 

Bre*d-*tor8       ..     .,    18  x  U 
MeaKtore  !HXI« 
Cblhing-ttore    .  .     .  .     35  x  IS 
Expense  m--^»T!'i^ 
•Shifting-room. 
Yard. 

(4) 
Mess  Esiablislimenu 

(5) 

Mess-man's  Quarters. 

(6) 

Non-com.  Officers'  Quarters. 

(7) 
Sergeants'  Mess  Establishment 

Feet. 
Mess-room     .  .  45  X  25  X  16 
Ante-room     .  .     .  .     30  X  25 

Feet 
2  Living-rooms     ..     ..     ISXifc 
Store        ..             ..     ..     10X12 

Feet 
1st  class  Staff  sergeant  7  ,  fi  v  ,  . 
2  rooms  }  16X14 

Feet 

Mess-room..     ..  40x20x13 
Store   12  X  10 

No.  3  water-closets. 
Urinals  and  lavatory. 
Mess-  waiter's  room     18X14 
,.          18X12 
Pantry,  wash-up  room. 
Plate-closet. 
Wine-cellar  and  smaller  offices 
at  rear. 

Beer-cellar            ..     ..     IS  X  16 
Mess-kitchen         ..     ..     25X20 
Scullery  ..            ..     ..     18  x  12 
Larder    .  .            .  .     .  .    18X8 
Coal-store. 
Water-closet. 
Latrine  fur  servants. 
Urinal. 

2nd  class  ditto,  1  room    16X14 
Water-closet,  1  on  each  floor, 
Sinks 
Ablution-room  for  men  10X10 
,,           ,,    women  10  x  10 
Latrines  and  urinals. 

Kitchen      30  X  30 
Scullery     16X13 
Larder        16  X   T.« 

Beer-cellar. 
Coal-cellar. 
Cook'*  living-room  .  .    30  X  15 
Yard, 
latrines.  No.  3. 
Urinals,  No.  2. 
Shed    10X  • 

(8) 
Married  Soldiers'  Quarters. 

(9) 

Soldiers'  Barracks. 

(10) 

Orderly,  Guard  Rooms,  &c. 

Means  of  Recreation  and  EzerdM. 

Feet 
1  Room  each  ..     ..     16  X  14 
Water-closet  and  sink, 
1  to  each  floor. 
Men's  ablution-room. 
Women's        ,  , 
4  Men's  latrines. 
4  Women's  latrines. 
6  Children's      ,  , 
Urinals. 
Yard. 
W:ish-house  .  .     .  .     46  X  20 
Laundry  24  x  20 
Bath-room      .  .      .  .     20  x    6 
Drying-ground   according   t> 
available  space. 

Feet 
Non-com,  officers'  mess,1)  ,  .  v  ,  . 
1  room       j      x   * 
Soldiers'  rooms.  No.  i 
38.  for   34  men  >  70  X  20  X  12 
each     ) 
Ablution-rooms.  No.  38     14X10 
Night-urinals.  No.  38. 
Cook-bouses,  No.  2    40  x  20  X  14 
Latrines.  No.  48  compart- 
ments. 
Urinalf,  No.  48. 
Bath-bouse,    Non  com.  7,vv/e« 
officers'       £17X5.6 
Bath-house,  soldiers'   .  .27.6  X  17 
Attendant's  room       ..     17  x   9 
Shed  for  tools       .  .     .  .    20  X  10 

Feet 
Orderly-room    .  .     .      18  X  12 
Clerk's  room      ..     .      24X18 
Paymaster's  office    .       18X14 
Guard-house      ..     .      21X18 
Guard-room  cells,  No  510X    8 
Prisoners'  room       .      24  X  18 
Night-urinal. 
Ablution-room. 
No.  2  Intrines. 
No.  2  urinals. 
Armourer's  shop             13  X  13 
Armourer's  store            13  X  13 
Shoemaker's  shop           2<>  x  in 
Tailor's  shop     .  .           24  X  I  * 
Master  tailor     .  .           18  X  16 

Feet 

Game-room        ..   66X30x14 
Reading-room    .  .     .  .     60  X  30 
Library       14X1I.T 
Coffee-room       ..     ..     lex  12.  ft 
Lavatorie*  16  x   8 
Librarian's  room      ..     Uxll.T 
3  Bed-room*      ..     ..     Uxil.I 
I/atrine,  3  compartment*. 
No.  2  urinals. 
No.  3  five*'  court*     .  .     S5  x  30 
Cricket-ground. 
Skittle-ground, 
Gymnasium       ..     ..    80x40 
Instructor'*  and  drea»-  )  .. 
ing  room        .  .     .  .  f  u  x  l> 
Drill-frronnd,  a*  space  inrmlu. 
Drill-tihed. 
Practice-room  for  band   37  X  U 

Divine  Worship. 

Canteen  Establishment. 

Cell  Establishment. 

Barrack-matter'*  E*UbU*bmrnt 

Feet 
Chapel  school        .  .     80  x  58 
Infant  school  .     ..     25X1"> 
*Teacher's  room   .  .     14  x  11 
Bed-room       ..     ..     14X11 
Kitchen  and  offices. 
Playground. 
Schoolmasters'    quarters    as 
Staff-sergeants. 
Latrines  for  buys  and  girls. 

*  Female. 

Feet 
Canteen  shop        .  .     .  .    18X16 
,  ,      bar    30  x    8 
,,      store  16  X  10 
,,      cellar       ..     ..    16  x   7 
,,         ,,    No  2      ..     18  X  16 
Tap-room       50  X  26 
No    2   living-rooms   h>r).16v]. 
canteen-man      .  .     ..{      * 
Kitchen  and  scullery. 
Yard. 
Latrines  and  urinals. 

Feet 
(Proportion  2  per  cent 
on  accommodation  ) 
No  20  cells       ..12X7.6X10 
1  Sink  and  urinal  on  each 

flnor. 

1  Water-closet      ditto. 
I^atrlne  in  yard. 
Shed  for  thnt-di  ill    .  .     40  x  30 
Kxercise  sued    ..     ..     60X10 
Kitchen      16X14 
Yard. 
Provost-eergcant's   quarter*   a* 
for  Claw  A. 
Staff. 
Coal-store. 
Watcr-clutet. 

>,-., 
Barrack  office    ..     ..     18  X  U 
Barrack-wrgranu*  quar- 
ter* a*  Staff  -cergMnta 
Foul-teddinc  tton  ..    30  x  W 
UiuenriccaUe  atom      33  x  M 
Meat-More  so  x  JO 
Cual-yard    MxM 
Coal-abed    60XM 
Engine-booie. 
Ladder-abed. 

>!'-'••    •     .-•'•. 
Ixitrtne  and  artful. 
HtwpfUt    MUbltoiUMnl.      fitt 
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The  shelves  and  other  fittings  of  cavalry  barracks  are  nearly  identical  with  those  of  infantry. 
except  that  some  modification  ami  provision  must  be  made  for  racks  for  lances,  swords,  pistols,  and 
carbines,  with  which  the  cavalry  boldier  is  armed. 


656. 
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Block-plan  of  Cavalry  Barracks,  Dundalk. 

References. — .A,  Officers'  quarters.  B,  Barrack-master's  house.  0,  Bedding  store.  E,  Barrack 
store.  .F,  Straw  store.  G,  Officers'  privies.  H,  Hospital  privy.  7,  Dead-house.  K,  Hospital. 
L,  Soldiers'  quarters.  M,  Ash-pits.  N,  Soldiers'  privies.  0,  Cook-house.  P,  Wash-house  and 
sheds.  It,  Armourer's  shop.  8,  Infantry  stables.  T,  Troop  stables.  W,  Soldiers'  wash-house. 
X,  Forge  and  shop.  T,  Magazine.  Z,  Dung-pits.  F7,  Engine-house.  W,  Canteen.  JT,  Cells. 
F,  Barrack-sergeants'  quarters  and  cells.  Z1,  Guard-room  and  regimental  store. 

Cavalry  stables,  when  they  do  not  form  a  part  of  the  range  as  above  mentioned,  are  generally 
placed  behind  the  main  buildings,  and  are  either  built  double,  that  is,  with  two  rows  of  stalls  and 
a  passage  between  them,  or  single,  with  one  row  of  stalls — in  either  case,  the  stall  being  considered 
as  the  unit.  The  cubical  space  allotted  for  each  horse  is  about  1200  ft.  The  double  stable*  have 
a  width  of  30  ft.,  the  single  17  or  18  ft.,  with  an  average  height  of  10  ft.  The  size  of  the  single 
stall  averages  9  ft.  6  in.  from  the  wall  to  outside  of  heel-post,  and  the  width  5  ft.  7  in.  The  width 
of  a  stall  for  an  officer's  horse  being  6  ft.  Officers'  stables  have  saddle-rooms,  and  separate  hay 
and  straw  stores,  with  doora  sufficiently  large  to  admit  a  carriage.  The  stable  accommodation 
provided  for  officers  is  that  of  the  number  of  chargers  they  are  entitled  to  draw  forage  for.  Hospital 
or  infirmary  stables  are  also  provided,  in  the  proportion  of  6  boxes  and  14  stalls  to  every  regiment, 
at  the  present  establishment  of  253  horses. 

The  drainage  and  ventilation  of  our  cavalry  stables  are  now  carefully  attended  to.  Ceilings  to 
stables  were  formerly  considered  as  indispensable,  yet  many  are  in  favour  of  open  roofs  well  ven- 
tilated at  the  ridge,  and  the  under-side  of  rafters  lathed  and  plastered  to  prevent  the  fall  of  dust. 
The  stalls  are  generally  paved  with  granite  pitchers,  6  in.  x  3  in.,  laid  diagonally  in  Portland 
cement  to  a  slope  from  front  to  rear  of  1  in  80,  and  falling  from  the  centre  of  stall  to  each  side 
1  in  40,  with  a  dressed  channel  of  stone  or  terra-cotta  emptying  into  a  trapped  underground  drain 
outside,  and  quite  clear  of  stables.  Local  materials,  however,  in  many  cases,  may  be  used. 
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The  fitments  of  all  cavalry  stables  are  of  cast  and  wrought  iron,  of  a  uniform  established 
pattern,  Figs.  557,  558,  559.    The  horses  of  the  privates  are  separated  by  swing  bales  of  hollowed 
wrought  iron,  2f  in.  diam.    The  hay-racka  and  mangers  are  horizontal,  supported  by  cast-iron  or 
stone  corbels  built 
into  walls.   The  use 
of  the  old-fashioned 
over-head  hay-rack 
and  wooden  manger 
is   discontinued  in 
all  military  stables. 

The  walls  of 
officers'  stables  are 
boarded  to  a  height 
of  7  ft.,  and  the  stalls 
separated  by  1J  in. 
tongued  oak  parti- 
tions, let  into  cast- 
iron  capping  and 
sole  -  pieces.  The 
external  doors  are 
double,  hung  in 
two  heights,  and  a 
swing  window  is 
provided  for  every 
stall  in  both  single 
and  double  stables. 
A  perforated  course 
of  air-bricks  is  built 
under  the  eaves, 
and  an  air-brick, 
9  x  9,  in  walls  6  ft. 
above  floor  between 
every  two  stalls. 

Wrought-iron  corn-bins  are  provided  in  each  hay  and  straw  store ;  and  in  the  troop  stables  the 
saddlery  is  kept  on  wrought-iron  brackets,  screwed  into  the  heel-posts  of  cast  iron.  Officers' 
saddle-rooms  are  provided  with  a  small  stove ;  and  gas  and  water  are  generally  laid  on  to  all  stables 
•where  practicable. 
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Stables  should  be  placed  from  30  to 
40  ft:  in  rear  of  the  men's  quarters,  and 
large  corridors,  covered  with  glass  roofs, 
should  be  formed  between  them,  so  as  to 
afford  shelter  to  the  men  attending  the 
stables  in  wet  weather.  At  other  times 
they  can  be  utilized  as  drill-sheds.  The 
litter-stalls,  manure-pits,  &c.,  placed  in 
rear  of  stables. 

The  following  buildings  are  generally 
included  in  a  project  for  a  cavalry  barrack : 
— a  riding-school ;  stores  for  forage,  accord- 
ing to  local  circumstances;  forges;  shoe- 
ing-sheds  ;  medicine-room ;  litter-stalls,  &c. 
(and  where  artillery  or  military  train  are 
quartered,  provision  must  be  made  for  gun 
and  carriage  sheds,  &c.,  &c.) ;  workshops 
for  saddlers,  harness-makers,  &c. 

In  1858,  when  prizes  were  offered  for 
the  best  designs  for  barracks  for  infantry 
and  cavalry,  Mr.  II.  Wyatt  obtained  that 
for  the  latter,  and  afterwards  prepared 
plans  for  a  cavalry  barrack  at  Nottingham,  which,  however,  owing  to  some  local  difficulties  as  to 
site,  &c.,  has  not  as  yet  been  carri(!d  out.  The  synopsis  used  by  him  an«l  all  th«  other  e.un|><  titor* 
was  from  the  Blue-Book  containing  the  Report  of  the  Committee  011  Barrack  Accommodation  in 
the  Army,  with  the  Minutes  of  Evidence,  dated  1855. 

Casemated  Barracks. — In  nearly  all  our  recently  erected  fortifications,  convenient  Ixinih-pmof 
barracks  or  casemates  for  the  garrisons  are  provided,  with  nil  the  necessary  store  ami  other 
accommodation,  and  forming  a  vast  improvement  on  the  old  casemates  at  Chatham,  Cork  Harbour, 
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Plymouth,  and  other  places,  which  were  so  justly  reprobated  by  the  Barrack  Commission.  The 
new  caseutated  barracks  thus  constructed  will  allow  the  War  Department  in  some  degree  to  make 
up  f»r  tin-  lo>s  »f  accommodation  caused  by  the  enlarged  cubical  space  now  allowed  to  each  m:m, 
without  any  particular  outlay  for  this  specific  object.  Properly  arranged,  a  cascmated  barrack  id 
quite  as  dry  and  healthy  as  one  of  ordinary  construction. 

Temporary  Barracks. — For  some  time  prior  to  the  Crimean  war,  the  formation  of  largo  camps, 
composed  not  of  tents,  but  of  buildings  of  a  more  permanent  nature,  and  capable  of  accommodating 
not  one  or  two  regiments,  but  a  large  corps  d\mne'e  of  from  10,000  to  15,000  men  of  all  arms,  anil 
necessary  war  material,  had  found  much  favour  in  the  eyes  of  the  military  authorities.  Com- 
nicuciiiu'  with  the  encampment  on  Chobham  Heath  in  1853,  the  great  military  camp  at  Aldershot 
was  next  projected  in  1S.M,  tho  site  bring  on  a  vast  expanse  of  waste  land  or  heath  on  the 
borders  of  Hampshire  and  Surrey,  within  a  convenient  distance  of  the  metropolis  (:il.out  ',l'>  miles) 
and  our  great  naval  arsenal  of  Portsmouth,  and  easily  reached  by  the  South- Westera  llailway, 
which  passes  within  a  short  distance  of  it.  Aldershot  can  now  accommodate  20,000  men;  and 
probably  up  to  this  date  not  less  than  1}  million  sterling  has  been  spent  on  it. 

Another  grand  training-camp  for  the  troops  stationed  in  Ireland  is  that  o£  the  Curragh, 
situated  on  the  vast  plain  of  that  name  in  the  county  of  Kildare;  it  was  formed  in  185.">  lor 
10,000  men,  but  is  now  capable  of  accommodating  many  more.  There  are  also  large  temporary 
barracks  at  Colchester ;  Parkhurst,  in  the  Isle  of  Wight ,  Chichester ;  and  Shorncliffe,  near  Dover. 
The  huts  of  these  camps  are  principally  of  framed  fir,  clap-boarded,  and  covered  with  asphalted  felt, 
with  a  central  nucleus  of  brick  fire-places.  The  framing  is  raised  off  the  ground  by  brick  sleeper- 
walls  in  every  case. 

The  original  temporary  buildings  are  being  now,  especially  at  Aldershot,  gradually  replaced 
by  others  of  a  more  pennanent  nature. 

The  sanitary  arrangements,  water-supply,  roads,  &c.,  of  our  large  camps  are  generally  satis- 
factory, and  the  health  of  the  troops  better  than  in  barracks  situated  in  large  towns. 

The  principle  of  construction  in  our  temporary  barracks  is  simply  the  arrangements  of  the 
different  units  of  accommodation  for  soldiers'  and  officers'  huts  round  a  series  of  squares ;  in  the 
Curragh  Camp  these  squares  have  an  area  of  380  ft.  x  300  ft.  for  drilling  purposes.  The  soldiers' 
huts  are  of  a  uniform  size,  40  ft.  x  20  ft.,  and  accommodate  25  men  each.  The  officers'  huts  are 
divided  into  8  small  rooms  about  9  ft.  square,  and  the  sergeants'  something  similar ;  so  that  space 
is  economized  as  much  as  possible.  The  officers  of  higher  rank  are  of  course  better  accommodated  ; 
but  married  officers  have  a  just  cause  of  complaint  in  the  very  limited  space  allotted  to  them,  and 
the  wooden  buildings  in  winter  afford  anything  but  comfortable  lodging  to  their  occupants.  The 
cost  of  a  soldier's  hut  may  be  estimated  at  85/.  each. 

In  Parkhurst  Barracks  the  huts  are  covered  with  a  rebated  tile,  which  extremely  resembles 
brickwork,  and  forms  a  very  warm  and  durable  covering. 

The  arrangement  of  the  old  Roman  camps,  as  described  by  Polybius  and  Hygiuus,  might  be 
studied  with  improvement  by  modern  military  engineers. 

fn>H<tn  Barracks. — Very  extensive  improvements  have  of  late  years  taken  place  in  our  Indian 
barracks,  involving  indeed  nearly  a  complete  reconstruction.  A  cubical  space  of  1500  ft.  per  man 
is  now  allowed,  and  all  the  buildings  are  raised  some  feet  from  the  ground,  and  surrounded  on  all 
sides  with  a  verandah,  10  ft.  6  in.  wide.  A  barrack-room  for  24  men — and  they  seldom  hold  less — 
is  100'  x  24'  x  15'.  They  never  exceed  two  stories  in  height.  Ventilation  and  drainage  are  care- 
fully looked  after.  They  are  wanting  in  none  of  the  conveniences  and  luxuries  (if  they  may  be 
termed  so)  of  our  modern  home-barracks.  A  sum  of  not  less  than  10  millions  sterling  has  been 
lately  provided  by  the  Indian  Government  for  the  purposes  of  barrack  improvement  and  recon- 
struction, showing  how  vastly  important  this  subject  is  considered  in  our  Indian  empire.  See 
'  Suggestions  for  Improving  Barracks  at  Indian  Stations/  issued  by  the  Secretary  of  State  for 
India,  1864. 

Foreign  Barracks. — On  the  Continent,  barracks  are  much  more  numerous  than  in  England. 
They  are  generally  on  a  much  larger  scale  and  with  greater  architectural  pretensions,  although 
very  often  deficient  both  in  material  comforts  and  sanitary  arrangements :  their  position,  too,  is 
more  influenced  by  political  considerations  than  English  barracks  are.  The  men's  quarters  in 
Continental  cavalry  barracks  are,  like  many  of  our  own,  often  placed  over  the  stables.  Generally 
speaking,  the  soldiers'  quarters  are  airy  enough,  though  cold  and  comfortless  in  winter;  and  our 
expensive  and  well  fitted  up  officers'  quarters  and  mess  establishment  are  altogether  wanting. 

The  great  foreign  camps  at  Chalons,  in  Rhenish  Prussia,  Silesia,  &c.,  are  on  a  much  more  vast 
scale  that  any  of  ours,  and  have  their  huts  generally  formed  of  sod  or  wattle,  thatched  with  reeds 
or  straw ;  but  these  are  only  occupied  during  the  exercise  months  in  summer  and  autumn.  A 
French  hut  to  hold  20  men  is  6 '50  metres  long  and  4 -35  wide,  and  3  30  high  to  ridge.  See 
Laisnes'  'Aide  Me'moire,'  p.  598. 

In  France,  sailors  as  well  as  soldiers  and  marines  are  provided  with  barracks  at  all  the  large 
naval  stations — a  system  which  might  be  very  advantageously  adopted  by  this  country,  instead  of 
allowing  our  seamen  to  disperse  over  the  face  of  the  land  when  their  ships  are  paid  off. 

BARRAGE.     FB.,  Barrage ;  GEB.,  Damn  ScMagbaum ;  ITAL.,  Chiusa ;  SPAN.,  Estacado. 

Barrage  is  a  French  term,  and  signifies,  in  an  engineering  sense,  the  barring  of  a  river  or  other 
watercourse  by  artificial  means,  in  order  to  facilitate  navigation  or  irrigation  in  parts  where  the 
incline  is  too  rapid,  and  the  quantity  of  water — from  that  or  other  causes — would  be  insufficient 
for  those  purposes  were  it  left  to  spread  freely  and  in  waste  over  its  normal  bed. 

In  mountainous  districts  and  hot  countries,  but  more  especially  in  tropical  climes,  the  rivers 
are  all  subject  periodically  either  to  a  great  excess  of  water  or  to  an  almost  total  want  thereof. 
To-day  they  are  raging  torrents,  flooding  and  devastating  the  neighbouring  country  ;  to-morrow, 
mere  streamlets,  often  fordable,  and  frequently  reduced  to  the  400th  part  of  their  ordinary  average 
volume. 
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Such  irregularities  exercise  a  most  detrimental  influence  over  the  interests  of  the  population* 
where  they  occur.     The  agricultural  prosperity  of  India>  for  instance>  8uffere  greatly  from  thes 
causes  ;  for  there,  unless  aided  by  artificial  irrigation,  all  cultivation  must  necessarily  ceaso  durini 
the  dry  season. 

In  Demerara,  Surinam,  some  parts  of  Georgia,  and  a  few  other  places,  the  evil  is  in  a  measure 
guarded  against  by  the  facility  which  those  countries  possess  of  cutting  canals  aud  obtaimn-  water 
from  the  interior ;  but,  as  a  rule,  it  may  be  said  that  there  is  a  total  absence  in  all  tropical  lands 
of  that  due  provision  for  regulating  the  supply  of  water  which  is  of  such  vital  importance  to  tho 
welfare  and  prosperity  of  every  country. 

It  is  not  our  province  to  dwell  upon  the  physical  causes  that  determine  this  state  of  thines  • 
but,  having  referred  in  a  cursory  manner  to  the  very  serious  damage  to  commerce  and  agrioiltur.- 
arising  therefrom,  we  propose  to  lay  before  our  readers,  as  concisely  as  possible,  some  of  the  most 
successful  remedies  which  the  engineer's  art  has  from  time  to  time  suggested  in  counteraction  of 
the  evil.  There  is,  however,  a  peculiarity  appertaining  to  the  great  tropical  rivers  runniii" 
through  countries  having  dry  seasons,  and  crossing  deltas  or  alluvial  plains,  which  it  may  be 
interesting  to  mention.  It  is  the  fact  that  the  beds  of  those  rivers  are  sometimes  as  high  as  remote 
parts  of  the  neighbouring  country,  while  their  borders  are  much  higher ;  so  that  the  overflow 
diverges  at  nearly  right  angles  to  the  direct  flow.  The  cause  of  the  bed  and  sides  of  these  rivers 
rising  above  the  natural  level  of  the  surrounding  plains  is  due  to  the  earthy  matter  held  in  sus- 
pension by  the  natural  flow,  being  deposited  in  proportion  as  velocity  is  diminished. 

There  are  two  kinds  of  barrage,  the  Barrage  and  the  Barrage-mobile :  early  examples  of  the  former 
are  found  in  the  permanent  dams  placed  across  streams  and  watercourses,  so  as  to  increase  or  main- 
tain their  depth,  for  the  purpose  either  of  rendering  them  navigable  or  obtaining  a  fall  with  the 
view  of  propelling  machinery ;  the  surplus  water,  in  such  cases,  being  conducted  through  sluices, 
or  over  by-washes,  dams,  tumbling-bays,  or  overfalls,  prepared  to  carry  it  oft';  and,  in  the  event  of 
floods  arising  in  the  river,  additional  sluices  being  opened,  in  order  to  prevent  it  overflowing  and 
injuring  the  side-dams  and  adjacent  property.  Works  of  this  nature  may  be  seen  on  the  Thames, 
on  the  Arno  at  Florence,  at  the  reservoir  of  Gros-Bois,  on  the  Canal  de  Bourgogne,  on  the  Vesoult, 
at  Courbeton,  at  Conflans-sur-Seine,  and  on  numerous  other  canalized  European  rivers;  and 
although  they  will  hardly  bear  comparison,  in  point  of  magnitude,  with  those  executed  in  tropical 
regions,  nevertheless  many  of  them  are  of  sufficient  importance  to  deserve  special  mention  in  the 
course  of  this  article. 

BARRAGE-FIXE  is  the  term  applied  to  permanent  dams,  built  of  masonry. 

BARRAGE-MOBILE,  or  movable  barrage,  is  that  which  can  be  raised,  lowered,  or  removed  at  will, 
and  is  formed  partly  of  masonry,  partly  of  timber. 

The  most  simple  form  of  barrage-mobile  is  that  represented  in  Fig.  5GO,  where  the  current  of 
water  passes  between  two  lateral  walls,  whose  intervening  space  is  partially  closed  by  a  certain 
number  of  small  beams  A,  A',  A",  A'", 
superposed,    and   forming   an   overfall  by 
which    the    liquid   flows  into   the    trough 
below.    The  advantage  of  this  plan  is,  that 
it  enables  the  ridge  of  the  weir  to  be  height- 
ened or  lowered  at  pleasure,  and  with  very 
great  facility. 

A  rather  remarkable  phenomenon  is 
connected  with  this  sort  of  barrage.  When 
it  is  required  to  raise  it,  another  beam  B, 
floating  in  the  upper  trough,  is  borne  by 
the  stream  till  it  reaches  B',  where  its  ex- 
tremities rest  against  the  rabbets  that  secure 
those  already  fixed ;  but  no  sooner  has  it  attained  this  point  than  it  is  seen  suddenly  to  link, 
falling  straight  on  to  the  beam  A'",  and  thus  taking  up  its  allotted  position  as  if  by  in.-tinet. 

This  fact  is  easily  explained.  The  space  that  separates  the  beams  A'"  and  B'  forming  a  kind 
of  adjutage,  the  pressure  upon  the  under  surface  of  B'  becomes  less  than  the  atin<>s]>h< -rif  pressure 
exerted  upon  its  upper  surface  (see  HYDRAULICS).  The  beam  acts,  therefore,  in  obedience  to  tho 
difference  of  those  two  forces  augmented  by  its  own  weight. 

It  must  be  observed  that  the  first  beams  A,  A',  which  have  to  be  put  beneath  the  levol  of  tho 
lower  trough,  do  not  sink  thus  naturally  into  position:  in  order  that  the  phenomenon  may  take 
place,  they  must  already  be  in  sufficient  number  to  rise  above  the  surface  of  tho  water  in  tho 
nether  basin,  so  as  to  produce  a  fall. 

A  difficulty  arises  in  ascertaining  the  exact  coefficient  of  the  expenditure  of  fluid,  by  a  dam  or 
overfall,  which  it  is  important  to  point  out  before  proceeding  further. 

An  Overfall  is  an  orifice,  open  at  the  top,  and  the  lower  part  of  which  presents  a  flat,  horizontal 
surface  called  a  Sill.  The  lateral  edges  being  generally  vertical,  tho  opening  nmy  \»-  ron.-id.  n  -I  n* 
a  rectangle,  of  which  the  upper  side  has  been  removed  :  this  assimilation  would  htill  be  admissible 
even  in  a  case  where  the  length  of  the  sill,  in  relation  to  tho  thickness  or  depth  of  tho  sheet  of  water 
passing  over  it,  was  very  great. 

Let  L  be  the  length  of  sill  ; 

y  the  vertical  distance  between  the  sill  and  the  surface  of  the  liquid  at  some  point  of  the 

reservoir  where  it  would  be  comparatively  MHiriumt ; 
T;  the  thickness  of  the  sheet  of  water  passing  the  overfall ; 
Q  the  expenditure  in  a  second  of  time. 

The  water  being  supposed  to  flow  freely  into  tho  open  air,  we  find  that  for  on<*  molfouK 
starting  from  the  reservoir  without  any  sensible  initial  velocity,  nnd  ortnnlly  IrnvrrcinK  the 
vertical  Diane  of  the  sill,  the  load  varies  from  y  to  y  —  ij,  which  shows  at  ouce  that  »j  uiurt  bo 
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y;  for,  by  virtuo  of  Bernoulli's  theorem  (seo  HYDRAULICS),  no  flow  can  take  place 
v  here  the  load  is  negative.    The  velocity  corresponding  to  the  mean  loud  will  therefore  bo 


and,  as  the  section  of  the  orifice  ia  represented  by  L  TJ,  the  theoretical  expenditure  will  be  ex- 
preaaed  by  L  TJ  v  2y  (  y  --  TJ  )  •  If»  then,  we  designate  by  m  the  coefficient  of  expenditure  as 

applied  to  the  flow  in  the  present  instance,  we  shall  have  Q  =  W»LTJ  v  2g  (y  --  n  Y 

In  the  foregoing  expression  TJ  and  m  are  unknown  auxiliaries  that  no  theory  has  been  able  yet 
to  determine.  The  only  tiling  we  know  is  that  TJ  must  be  smaller  than  y,  and  experience  shows 

that  the  ratio  -   is  inconstant,  but  that  it  rarely  descends  below  0'72  for  overfalls  having  a 

y 

narrow  sill  ;  we  will  suppose,  therefore,  its  mean  value  to  be  equal  to  0-86.  As  regards  MI,  since 
it  varies  very  little  with  the  load  or  the  dimensions  of  a  narrow-edged  orifice,  we  may  reasonably 
assume  it  to  be  equal  to  the  mean  0  62.  We  thus  obtain 

Q  =  0  62  x  0  68  Ly  */  2g  x  0  57  y 
=  0-403  Ly  «/2</y. 

In  reality,  if  we  put  Q  =  r  L  y  V  2  <;  y,  r  being  a  ratio  that  can  only  be  determined  experi- 
mentally. it  is  evident  that  it  has  not  a  constant  value.  MM.  Poncelet  and  Lesbros,  in 
(  \  |  'orimentalizing  upon  a  narrow-edged  overfall,  Om  20  in  length,  and  sufficiently  distant  from 
the  bottom  and  lateral  sides  of  the  reservoir,  found  that  r  varied  from  0  385  to  0  -424  ;  its  greatest 
value  corresponding  to  the  smallest  loads.  The  mean  of  these  two  numbers  is  0-  405,  which  differs 
but  little  from  the  result  0'403  obtained  above.  So  that  for  narrow-edged  overfalls,  placed  at  a 
sufficient  distance  from  the  bottom  and  sides  of  the  reservoir,  and  flowing  freely  into  the  open  air, 
we  find  Q  =  0  405  L  y  i>J  2  gy  nearly  :  but  this  formula  may  give  a  result  either  a  little  too  great 

or  a  little  too  small,  according  as  the  ratio  J-  is  great  or  small. 

Li 

It  is  very  difficult,  even  by  approximate  valuations,  to  keep  an  account  of  all  the  circumstances 
and  local  conditions  that  may  tend  to  influence  the  value  of  r.  We  may  observe,  however,  that  if 
a  canal  be  barred  across  its  entire  width  by  a  narrow-edged  overfall  whose  sill  is  tolerably  distant 

from  the  bottom,  and  if,  at  the  same  time,  —  be  small,  it  woujd  be  advisable  to  make  r  a  little 

_       L  a 

larger,  and  to  put  Q  =  0  •  45  L  y  V  2  Q  y,  or,  which  is  the  same  thing.  Q  =  2  L  y  *  • 

We  will  now  cite  a  particular  and  rather  remarkable  case,  inasmuch  as  it  shows  how  theory 
may  give  an  increased  limit  to  the  coefficient  r  and 
the  corresponding  value  of  TJ.  It  is  that  where  the 
sill  Bof  the  overfall,  Fig.  561,  widening  at  its  junction 
with  the  reservoir,  is  prolonged  by  means  of  an  open 
channel,  slightly  inclined,  wherein  the  liquid  acquires 
a  sensibly  uniform  motion.  Then  the  common  velocity 


of  all  the  streams  passing  A  B  is  V  2  g  (y  —  r;)  ; 
and,  as  there  is  no  further  contraction  beyond  the 
above  section,  the  expenditure  Q  is  given  by  the 
formula  Q  =  L  TJ  J  2g(y  —  TJ). 

When  L  and  y  are  invariable,  Q  becomes  a  function  of  TJ  only,  and  its  maximum  is  easily 

Q2 

found.     For,  in  fact,   -       -  =  Tj2  (y  —  TJ)  =  y  Tj2  —  TJS  :  the  maximum  of  the  second  member,  and 


consequently  that  of  Q,  is  found  by  making  the  derivation  taken  in  relation  to  TJ  equal  to  zero, 

2 
which  gives  TJ  (2  y  —  3  7)  =  0,  whence  TJ  =  -  y,  since  TJ  —  0  would  lead  to  an  expenditure  that 

9 

2 
would  be  nul.    Then,  in  the  expression  of  Q,  by  making  TJ  =  -  y,  we  get 

B 

Q  =  —=  L  y  */~2gy  =  0  •  385  L  y  V2<;y. 


The  surface  depression  y  —  TJ  corresponding  to  the  maximum  expenditure  is,  therefore,  one-third 
of  the  height  y.  and  the  value  of  the  corresponding  ratio  r  is  0'385.  As  the  theoretical  hypotheses 
are  never  completely  realized  in  practice,  if  the  sill  of  the  overfall  be  followed  by  a  channel,  r  will 
very  rarely  attain  the  superior  limit  0  •  385.  According  to  MM.  Castel  and  Lesbros,  the  mean 
expression  for  an  overfall  like  the  present  would  be  Q  =  0'35  L  y  */  2  g  y  ;  but  here  again  tnere 
may  be  a  very  great  variation  in  the  ratio  r  between  one  overfall  and  another. 

When,  in  lieu  of  there  being  a  comparatively  stagnant  reservoir  above  the  overfall,  there  is  a 

current  with  an  appreciable  velocity  Ue,  the  expressions  V    %g(y  —  |TJ  J  and  t/2g(y  —  TJ), 
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considered  above,  no  longer  represent  the  velocity  of  the  streams  of  liquid  passing  over  the  rill.  If 
we  call  that  velocity  U,  Bernoulli's  theorem  then  gives  U'  ~  U°!  =  y  _  %f  Or  U<  ~  U**  =  y  -  ,, 

according  as  the  question  has  reference  to  an  orifice  discharging  freely  into  the  air  or  to  one 
followed  by  an  open  channel. 

Although,  in  a  general  sense,  it  is  possible  to  tell,  with  a  sufficient  degree  of  exactitude,  the 
velocity  with  which  a  liquid  flows  from  a  narrow-edged  orifice—  whether  tliat  orifice  be  plane,  or 

widening  towards  the  interior  of  the  reservoir,  or  followed  by  an  open  channel  slightly  inclined 

there  yet  remains  one  quantity  of  far  greater  practical  importance,  which,  unfortunnt.-ly.  it  is  not 
so  easy  to  ascertain,  and  that  is  the  expenditure.  This  last  depends  not  only  upon  the  veWity 
with  which  the  molecules  pass  the  plane  of  the  orifice,  but  also  upon  the  nn^lea  nt  which  tin- 
several  liquid  streamlets  intersect  that  plane,  angles  that  vary  from  one  point  of  tho  orifice  to 
another  according  to  laws  at  present  unknown.  The  only  positive  assertion  that  can  be  made  is, 
that  the  real  expenditure  of  water  is  less  than  the  product  of  the  area  of  the  orifice  by  the  velocity 
of  the  streams  traversing  it,  which  quantity  has  been  improperly  termed  the  theoretical  expenditure. 
We  have  indicated  several  numbers  which,  in  certain  special  cases,  will  afford  an  approximate 
solution  of  the  question.  In  reality,  however,  in  each  of  those  particular  cases  the  coefficient  of 
expenditure  is  inconstant,  and  varies  according  to  secondary  circumstances,  whose  influence  is  very 
imperfectly  known,  such  as  the  dimensions  of  the  orifice,  and  its  position  in  relation  to  the  bott<-iii 
and  sides  of  the  reservoir.  Consequently,  the  only  advice  we  can  give,  when  the  approximation 
obtainable  by  the  mean  coefficients  of  expenditure  which  we  have  indicated  is  not  deemed  suffi- 
ciently satisfactory,  is  to  select  from  known  collections  of  experiments  those  that  bear  the  closest 
relationship  to  the  case  under  investigation,  and  to  borrow  therefrom  the  coefficient  that  appears 
to  be  tho  best  applicable. 

The  Tables  at  the  end  of  this  article,  and  which  are  taken  from  the  more  complete  and  extended 
ones  published  by  MM.  Lesbros  and  Poncelet,  give  the  coefficients  of  expenditure  which  we  con- 
sider the  most  useful  in  practice. 

The  abrupt  sectional  changes  that  take  place  in  watercourses  give  rise  to  various  problems 
that  are  of  great  interest  to  the  engineer.  Unfortunately,  the  actual  state  of  science  renders  it 
impossible  at  present  to  solve  them  in  so  satisfactory  a  manner  ns  would  be  desirable.  In  the 
following  example,  theory  supplies  us  witli  a  few  data — incomplete  and  inaccurate,  no  doubt, — but 
capable,  nevertheless,  of  being  utilized  in  practice. 

Under  ordinary  circumstances,  the  sill  of  the  barrage  is  higher  than  the  level  of  the  water  in 
the  lower  trough ;  but,  where  the  current  is  variable,  it  sometimes  happens  that  tho  latter  rises 
above  the  weir,  as  shown  in  Fig.  562  ;  the  barrage  is  then  said  to  be  noye~,  or  submti-<ii<l. 

Let  us  suppose  a  barrage,  or  overfall,  to  be  thrown  across  a  watercourse,  of  which  tho  level — 
and  consequently  the  expenditure — are  variable :  in  order  to  simplify  as  much  as  possible  the  cal- 
culations that  have  to  be  made,  we  will  imagine  the  channel  in  the  vicinity  of  the  barrage  to  be 
rectangular  and  the  bottom  horizontal.  The  expenditure  having  a  definite  and  known  value,  it  in 
required  to  find  :  1,  the  greatest  height  to  which  the  lower  level  of  the  water  can  rise  without  in 
any  way  affecting  the  upper  level :  2,  in  the  case  of  that  limit  being  exceeded,  what  would  be  the 
nature  of  the  fall  that  would  ensue  from  the  upper  to  the  lower  trough. 

Let  L  be  the  width  of  the  current ;  h,  its  depth  above  and  a  few  metres  from  the  weir ;  U,  it* 
mean  velocity  at  that  point ;  h  and  U  analogoua  quantities  for  a  section  taken  a  little  below  the 
fall ;  c  the  height  between  the  crest  of  the  weir  and  the  bottom ;  c  the  velocity  of  the  sheet  of 
liquid  passing  over  the  crest :  77  the  thickness  of  that  same  sheet  of  liquid. 

There  being  no  lateral  contraction,  if  the  barrage  acts  as  a  narrow-edged  overfall,  the  expen- 
diture Q  will  be  given  by  the  formula  Q  =  0'45  L  (  A0  -  c  +  —-]  V2<j  ( A.  -  c  +  ^  Y 

V  *•  9  /  \ 

If  the  crest,  instead  of  being  narrow-edged,  happened  to  bo  of  some  considerable  length,  with 
a  slight  incline,  then  the  coefficient  0'45  ought  to  undergo  a  certain  reduction,  and  descend  to 
0  385,  or  even  to  a  lower  number,  such  as  0'3G  or  0'37.  Tho  formula  holds  good  so  long  M  the 
overfall  empties  itself  freely  into  the  open  air,  to  accomplish  which  it  is  necessary  ouly  that 
the  level  of  the  water  in  the  lower  trough  be 

beneath  the  crest  of  the  weir.      When  it  exceeds     f_ 

that  point,  but  only  by  a  quantity  less  than  y,  it 
appears  evident  that  the  formula  must  not  be  modi- 
fied :  the  very  utmost  that  can  happen  is  that  the 
streamlets,  losing  their  parabolic  form,  and  becoming 
parallel  as  they  cross  the  overfall  as  in  the  cnso 
when  this  latter  is  of  any  great  thickness  or  width, 
the  numerical  coefficient  would  have  to  be  reduced, 
as  just  stated :  which  would  tend  slightly  to  raise 
the  level  above  the  weir,  the  expenditure  remaining 
the  same.  In  examining  the  question  more  closely,  it  is  seen  that  tho  level  talow  tlio  wrirmay 
be  raised  even  higher  yet  without  any  perceptible  alteration  taking  place  in  tho  ex|M'ii«liturr. 

Effectually,  if  we  apply  the  general  theorem  of  the  quantities  of  motion  i.mji -<-i.il.  to  tho  liquid 
contained  between  the  vertical  plane  A  B,  Fig  562,  which  passes  through  the  hill  of  th«-  l«»r 
and  the  section  C  D  where  the  velocity  is  U,  it  will  at  once  be  found  tlmt  tin-  ftlfWMta] 
ment  of  the  quantity  of  motion  of  the  system  projected  along  the  horizontal  line'  <lurinK  a 

short  space  of  time,  0,  is  •"  -  (U  —  c),  admitting  that  all  the  molecules  of  the  same  section  pos- 
sess the  same  velocity.  As  to  the  impulses,  wo  need  only  keep  account  of  those  produced  by  Hie 
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pressure  on  tho  surfaces  B  A  E  and  CD,  disregarding  tho  atmospheric  pressure  which  acts  uni- 
formly ii]xm  the  entire  system.  These  pressures  must  accord  very  nearly  with  tho  hydrostatic  Jaw, 
in  the  first  place  because  the  streams  are  ostensibly  parallel  as  they  traverse  A  15  and  C  I),  and 
because  the  motion  of  the  liquid  in  contact  with  A  £  is  comparatively  slow ;  hence  tho  value  of 

the  projected  impulse  is  --  n  0  L  {(c  +  i?)s  —  Aa  >.    We  have,  therefore, 

11   (i   <'      ,  1  T      (, 

( U  —  »)  =  —  n  8  L  <  (c  —  rfr  —  A3  > ; 

9  21  ) 

2  Q  Q 

or,  by  simplifying,  —  —  (U  —  v)  =  (c  -f  ij)s  —  A2.    We  moreover  have  -=-  =  r»j  =  U  A;  ami,  by 
Li  g  L> 

eliminating  Q  and  U,  the  former  expression  becomes 77  ( 1  )  =  (c  +  r»)8  —  A5,  equation 

9       \  *         / 

of  the  third  degree  in  A,  whence  that  quantity  might  be  deduced  if  r  and  TJ  were  known.  In  ordor 
to  find  those  unknown  auxiliaries,  it  must  be  admitted,  in  conformity  with  what  has  been  seen  in 
the  theory  of  the  overfall,  that  the  surface  depression  A0  —  »j  —  c,  above  the  fall,  is  connected 

/  U  2\  Un2 

with  the  total  load  upon  the  sill  by  the  equation  3 1  A0  —  ij  —  c  +  -^-  )  =  A,  —  c  +  TT-,  whence  we 

/  r- 

derivo  3  TJ  =  2  (  A0  —  c  +  -2-  J,  which,  in  combination  with 

Q  =  0-37L/X-C+  — 
V  2./, 

g 

in  order  to  find  r>,  would  give  Q  =  0'37L  x  - 

2  f 

Having  found  »j,  we  calculate  v  =  = — ,  and  we  thus  obtain  the  necessary  elements  to  arrive 

at  the  numerical  value  of -A.  If,  on  the  other  hand,  the  depth  of  water  below  the  fall  were  to 
exceed  the  aforesaid  limit,  what  would  be  the  depth  above  the  weir  ? 

In  order  to  answer  this  question — supposing  the  expenditure  Q  to  remain  constantly  the  same — 
lot  us  indicate  the  alteration  that  takes  place  in  77,  v,  A0,  U0,  A,  by  ij'.  v',  A'0,  U'0,  A':  we  then  get 
the  following  equations : — 


O'GSLrj 


2rjV 


U',2 


=  n',  v'  =  A'0U'0 


9       V»'         J  2</       2g 

whereof  the  first  and  two  last  are  known ;  the  second  is  an  immediate  application  of  Bernoulli's 
theorem  to  the  passage  of  a  molecule  from  the  section  F  G,  where  the  velocity  is  U'0,  to  the  section 
A  B.  By  means  of  these  four  equations  the  unknown  quantities  rj',  t/,  A'0 ,  U'0 ,  may  be  deter- 
mined, when  Q  and  A'  are  given.  The  thickness  rj'  of  the  sheet  of  water  A  B  cannot  be  calculated 
by  the  same  expression  as  tj,  because  the  barrage  acts  no  longer  as  an  overfall. 

The  influence  ot  a  barrage,  when  submerged,  becomes  less  and  less  perceptible ;  that  is  to  say, 
the  fall  A',  —  A'  grows  smaller  and  smaller  as  the  level  of  the  water  below  the  weir  rises.  This 
will  be  understood  a  priori,  without  any  mathematical  demonstration  ;  for,  if  the  barrage  be  covered 
by  a  sheet  of  water  much  higher  than  itself,  it  will  then  occupy  but  a  small  fractional  portion  of  the 
transverse  section,  and  thus,  in  a  measure,  may  be  compared  to  a  slight  undulation  of  the  bottom. 

Bateau-vanne,  or  floating-gate,  is  the  name  given  to  a  sort  of  nelf-acting,  movable  barrage, 
invented  by  M.  Sartoris,  and  which,  in  point  of  simplicity,  comes  next  under  our  notice.  It  is 
used  chiefly  for  purposea  of  irrigation,  and  for  regulating  the  supply  of  water  in  mill-ponds,  and 
is  as  follows : — 

A  caisson,  or  boat  as  the  French  term  expresses  it,  A  A,  whose  transverse  section  is  rectangular, 
rests  against  two  stone  piers,  the  space  separating  563 

these  being  partially  closed  by  a  platform  B  B1, 
Fig.  563,  raised  above  the  bottom  C  C  of  the 
river.  The  water  passing  between  A  and  B  has 
a  certain  velocity  U,  while  the  streams  that 
pass  beneath  the  boat  have  a  less  velocity  U'. 
If  we  call  A  the  height  of  A  below  the  level  N, 

U1 

we  have  - —  =  h.     On    the  other  hand,  if, 

*  9 

within  a  given  section  D  D',  all  the  streams 
could  be  reckoned  as  parallel  and  having  an 
equal  velocity,  and  a  and  b  were  taken  to  desig- 
nate the  heights  AB  and  DD' — the  opening 
being  supposed  to  be  rectangular  — the  incoru- 
pressibility  of  water  would  give  U  a  —  U'  b, 
which  relationship  is  necessary  in  order  that 
the  mass  of  water  comprised  between  A  B  D  D' 
may  remain  always  the  same.  Finally,  by  applying  Bernoulli's  theorem  to  a  molecule  passing 
from  the  point  D,  with  a  pressure  p'  and  a  velocity  U',  to  the  point  A  where  those  quantities 
become/)  and  U,  we  have  the  equation 


p'-p 


2(7 
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From  these  three  relations  it  is  not  difficult  to  deduce 
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This  calculation  of  the  pressure  p'  upon  the  bottom  of  the  float  may  be  a  little  uncertain,  «mo- 
cially  as  the  velocities  of  the  molecules  that  traverse  the  section  D  D'  are  not  all  equal,  and  the 
converging  of  the  streams  towards  the  orifice  A  B  prevents  them  also  being  horizontal  •  but  it  is 
quite  sufficient  to  show  that  p>  must  be  greater  than  p,  and  that  the  excess  increases  with  A  The 
weight  of  the  boat  and  its  friction  against  the  piers  may  sometimes  be  inadequate  to  establish 
equilibrium  with  the  vertical  force  produced  by  the  excess  p'—p;  in  that  case  this  is  what  is 
done :  on  the  side  facing  the  upper  trough  are  several  cocks,  by  means  of  which  water  enough  is  K-t 
into  the  caisson  to  balance  it  in  the  position  it  is  intended  it  shall  occupy.  If  it  be  required  to  sink 
it  lower,  more  water  is  let  in ;  ifr  on  the  contrary,  it  has  to  be  raised,  another  set  of  cocks,  fa-ing 
the  lower  trough,  are  opened,  the  water  flows  from  them,  and  the  boat  rises  as  it  becomes  lighter; 

The  two  following  styles  of  flood-gate  are  by  M.  Chaubart.  They  have  been  tested  on  th.« 
canal  that  borders  the  Garonne,  with  very  satisfactory  results,  and  for  which  the  inventor  received 
great  praise.  It  would  seem,  therefore,  that  they  may  be  serviceably  employed  for  purposes  of 
navigation  and  irrigation,  as  well  as  in  regulating  the  level  of  mill-ponds.  We  have  thoughtproper 
to  introduce  them  here  because  they  bear  a  rather  close  relationship,  in  principle,  to  a  system  of 
barrage-mobile  now  getting  into  very  general  use  in  France,  and  of  which  we  shall  presently  liave 
to  speak  at  some  length. 

First  Plan— A.  canal,  whose  section  is  rectangular,  is  closea  by  an  inclined  gate  A  B,  Fig. 
564,  occupying  its  entire  width.  To  this  gate  is  permanently  fixed  a  quadrant  C  D,  made  of  cast 
iron,  which  rolls  on  the  horizontal  plane  E  F.  When  N  6M- 

the  gate  is  in  its  initial  position,  the  level  N  of  the  '  '  -A 

water  touches  its  summit,  and  it  must  be  so  arranged   ~=^=^=^. 
that  the  resultant  of  the  forces  of  gravity  and  the  pres-    v 
sure  of  the  water,  acting  upon  the  apparatus,  shall  pass    ~^_ 

through  G,  the  actual  point  of  contact  of  C  D  and  E  F. ^- 

Equilibrium  is  then  established.  But  if,  from  any 
unforeseen  cause,  it  so  happens  that  more  water  comes 
into  tho  trough  above,  and  that  the  level  N  rises,  tho 
centre  of  pressure  rises  with  it,  and  the  resultant  ad- 
vances in  front  of  G.  The  gate  then  swings  en  bascule, 
till  it  assumes  the  position  A'  B',  and  the  point  of  con- 
tact of  the  curve  is  removed  from  G  to  G',  while  tho 
surplus  water  runs  off  both  at  A'  and  B'. 


It  may  so  happen,  when  in  this  new  position  A'  B' — if  the  curve  C  D  has  been  properly  deter- 
mined— that  the  resultant  will  pass  through  G  after  the  level  has  returned  to  N.  In  that  case  it 
is  clear  that  the  gate  will  remain  in  the  position  A'  B',  and  that  it  will  only  quit  it  when  a  further 
rise  causes  its  angle  of  inclination  to  be  increased,  or  when  an  additional  fall  in  the  level  forces  it 
to  right  itself.  In  a  word,  whatsoever  position  it  may  assume,  it  will  only  remain  in  equilibrium 
so  long  as  the  level  of  the  water  in  the  tank  reaches  its  normal  height: — a  greater  height  will 
widen  the  outlet,  a  less  height  will  contract  or  close  it.  The  apparatus  may  consequently  be  used 
to  ensure  a  constant  level  of  water  in  a  reservoir  where  the  supply  is  variable. 

Second  Plan. — By  the  aid  of  the  gate  just  described,  M.  Chaubart  has  solved,  as  we  have  soon, 
the  problem  of  obtaining  a  constant  level  in  a  reservoir  where  the  supply  is  variable.  Now,  on  the 
contrary,  it  is  wished  to  get  a  constant  and  equal  supply  of  water  through  a  n-ctantrulnr  ojH'iiiusj 
in  a  tank  where  the  level  varies.  We  will  explain  in  what  manner  M.  Chaubart  has  effected  thU 
object. 

When  in  its  natural  position,  the  gate  A  B,  Fig.  5G5,  leaves  a  free  outlet  for  tho  water  between 
its  lower  edge  and  the  bottom  of  the  basin.  The  level  N  of  the  water,  being  now  supposed  to  h»ve 
attained  its  maximum  height,  nearly  touches  the  top  A  of 
the  gate,  while  a  certain  given  quantity  Q  of  water  is  dis- 
charged, in  the  unity  of  time,  by  the  above  rectangular 
opening  whose  dimensions  are  known.  The  gate  is  kept 
in  equilibrium  by  the  line  A  B  resting  against  a  fixed 
curve  C  C'  C",  and  the  resultant  of  the  actions  exercised  by 
the  pressure  of  the  water  and  by  gravity  passes  through 
the  point  of  actual  contact  C.  When  the  level  falls  to  N', 
the  total  pressure  necessarily  diminishes  in  proportion, 
and  tho  gate  swings  en  bascule  till  it  finds  another  position 
of  equilibrium  A'  B',  which  line  rests  upon  a  different 
point,  C',  of  the  fixed  curve ;  while  the  point  B,  advancing 
to  B',  the  section  of  tho  outlet,  on  the  other  hand,  is  pro- 
portionately increased.  It  may  easily  be  conceived,  then, 
that  if  the  curve  C  C'  C"  has  been  properly  traced,  it  is 
quite  possible  for  tho  enlargement  of  the  orifice  to  compensate  for  the  diminution  of  pitwnro. 
If,  now,  we  call  /  the  width  of  the  outlet,  y  tho  height  of  B'  above  the  bottom  F  F'.  Y  tin-  h.  i^-lit 
of  the  level  N'  above  the  same  horizontal  line,  m  tho  oocflicimt  of  aXModitlfra  applicable  in  th« 
present  instance,  tho  invariability  of  the  expenditure  will  bo  expressed  as  follows : 


from  which  equation  may  be  deduced  the  values  of  Y  in  relation  to  y,  and  inv«>nicly. 
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Unfortunately,  it  is  vory  difficult  to  ascertain  the  exact  shape  of  the  required  curve ;  there- 
fore, as  the  limits  and  nature  of  this  work  will  not  allow  us  to  enter  into  a  long  theoretical  investi- 
gation, we  will  content  ourselves  with  laying  before  our  readers  an  approximate  graphical  method. 

It  must  he  admitted  tliat  during  the  displacement  of  the  gate  the  straight  line  A  15  turns  upon 
n  certain  curve,  \\hieh  lias  to  he  determined  in  Mich  a  manner  as  to  fulfil  the  essential  conditions 
of  the  problem.  In  the  first  place,  the  initial  point  C  of  the  curve,  Fig.  f.i;f>,  will  l>e  known  by 
taking  the  intersection  of  A  B  with  the  resultant  R  of  the  weight  of  the  gate  and  the  pressure  of 
the  water.  Let  us  next  imagine  the  line  A  B  to  undergo  a  slight  change  of  position  in  the  direc- 
tion of  A'B';  during  this  movement  it  will  have  turned  round  an  instantaneous  :md  variable 
centre  of  rotation  between  C  and  C',  and,  consequently,  the  approximate  supposition  \\ill  be 
admissible,  that  its  entire  rotation  took  place  round  the  point  D,  where  the  tangents  DC  and 
D  C'  to  the  curve  C  C'  meet.  But,  as  that  point  is  not  known,  it  must  be  taken,  by  -mess,  a  little 
below  C',  and  the  line  AB  is  made  to  move  at  a  slight  angle  round  the  centre  I) ;  in  this  fre.-h 
position,  the  extremity  B,  now  arrived  at  B',  being  at  a  certain  height  //  above  the  bottom  F  F',  Y 
has  to  be  calculated  by  aid  of  the  last  equation ;  we  then  draw  the  new  resultant  K'  of  the  weight 
and  pressure,  and  find  its  intersection  C'  with  the  last  position  of  A  B.  We  shall  ascertain  that 
the  point  D,  around  which  A  D  has  been  made  to  turn,  was  properly  chosen  if  it  happens  to  be 
equidistant  from  C  and  C' ;  if  that  be  not  the  case,  we  shift  the  point  D  primitively  adopted,  and 
s  second  attempt  will  give,  in  a  sufficiently  approximate  manner,  both  the  line  A'  B'  and  the 
second  point  C'  of  the  curve  sought.  From  that  one  we  pass  to  another,  and  so  on,  till  the 
required  curve  is  ultimately  traced  by  a  series  of  points  or  tangents. 

Components  of  a  Movable  Barrage. — A  movable  barrage,  established  across  a  navigable  river, 
comprises  two  essential  parts,  namely,  the  navigable  way  and  the  overfall,  see  Fig.  5G6. 


The  former  is  used  for  purposes  of  navigation  when  there  is  a  sufficient  natural  draught  of 
water  in  the  river  for  ships  to  pass ;  the  movable  lifts  which  serve  to  close  the  way  are  then  laid 
flat  on  their  platform. 

The  overfall  serves  to  maintain  the  level  of  the  river  at  a  determinate  height  when  the  barrage 
is  in  use ;  it  likewise  serves  as  an  outlet  for  the  water  while  the  lifts  of  the  navigable  way  are 
being  raised. 

In  addition  to  these  two  essential  parts,  there  is  generally,  also,  a  lock  through  which  the  navi- 
gation takes  place  when  the  barrage  is  closed,  see  Fig.  56G  ;  when  there  is  no  lock  adjoining,  then 
the  navigation  can  only  be  performed  by  removing  the  barrage  and  releasing  the  water  at  certain 
fixed  periods. 

The  sill  or  platform  of  a  navigable  way  should  be  placed  at  a  depth  not  less  than  that  of  the 
bottom  of  the  river  above  the  weir. 

On  the  Upper  Seine  these  sills  are  Om'60  below  low-water  mark. 

The  sill  of  the  overfall  should  be  so  raised  that— having  due  regard  to  economy  and  facility  of 
construction — its  section,  added  to  that  of  the  navigable  way,  shall  offer  an  outlet  proportional  to 
the  quantity  of  water  that  flows  down  the  river  at  its  different  periods.  Moreover,  it  must  be  at 
such  a  height  that  it  may  give  free  passage  to  the  waters  of  the  river  while  the  lifts  are  being 
raised  without  producing  too  heavy  a  fall  from  the  upper  to  the  lower  basin ;  these  conditions  are 
most  important. 

There  necessarily  exists,  therefore,  a  relation  between  the  section  of  the  navigable  way  and 
that  of  the  overfall ;  and  another,  moreover,  between  the  width  of  the  latter  and  the  height 
of  its  sill. 

The  sills  of  the  overfalls  on  the  Upper  Seine  have  been  placed  at  Om-50  above  low- water 
mark. 

The  establishment  of  a  navigable  way  is  a  costly  work ;  its  breadth  should,  consequently,  not 
be  greater  than  is  absolutely  necessary  for  the  requirements  of  navigation. 

On  the  Yonne  the  breadth  of  the  navigable  ways  is  35  metres  ;  on  the  Upper  Seine,  between 
Montereau  and  Paris,  it  varies  from  40  to  55  metres,  measured  perpendicularly  to  the  course  of  the 
river. 

The  width  of  the  overfalls  ranges  between  60  and  70  metres. 

When  the  breadth  of  the  river  will  not  admit  of  the  overfall  being  placed  perpendicularly  to 
its  course,  and  in  a  line  with  the  navigable  way,  it  may  be  put  obliquely,  a»  shown  in  Fig.  56G ;  in 
that  case  the  angle  of  inclination  must  not  be  less  than  60  degrees. 
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The  platform  of  the  navigable  way  should  be  of  sufficient  width  to  receive  all  the  various  com- 
ponents of  the  lifts,  dams,  &c.,  when  the  foundations  are  laid  upon  concrete. 

On  the  Upper  Seine,  that  width  is  9m  •  50,  divided  into  three  zones,  namely :  two  measuring  1"  •  75 
for  the  piers,  and  the  third  6  metres  for  the  pavement  destined  to  receive  those  portions  called  the 
movable  parts  of  the  barrage.    The  platform,  moreover,  must  be  of  such  a  thickness  as  will 
enable  it  to  resist  the  different  pressures  and  forces  to  which  it  has  to  be  subjected. 
On  the  Upper  Seine  that  thickness  is  2  metres,  irrespectively  of  the  pavement. 
When  the  difference  of  level  between  the  upper  and  lower  basin  is  as  much  as  2m  •  40.  as  is  the 
case  at  the  several  barrages  of  the  Upper  Seine,  each  movable  lift  of  the  navigable  way  is  capable 

of  exercising  a  vertical  strain  upon  the 
platform  equal  to  about  2200  kilogramme*. 
If  the  sill  were,  at  the  same  time,  subjected 
to  an  under-pressure,  which  may  very 
easily  occur,  it  would  be  necessary  to  fix 
at  the  foot  of  each  lift  a  block  of  stone 
2  metres  cube,  in  order  to  secure  it.  As 
stones  of  similar  dimensions,  however,  are 
not  easily  obtainable,  and  as  they  would 
entail,  moreover,  many  difficulties  of  con- 
struction, as  well  as  of  repair,  recourse 
has  been  had  to  disc  anchors,  which  firmly 
bind  the  sill  to  the  bed  of  concrete  beneath 
the  foundation. 


\ 


A  glance  at  the  above  cut,  Fig.  567,  will  make  this  arrangement  clearly  intelligible.  There 
is  a  separate  anchor  for  every  lift,  and  they  are  fixed  in  position  before  the  concrete  is  poured  in, 
their  rods  or  shanks  being  kept  vertical  during  the  operation. 

In  the  navigable  ways  of  the  Seine,  the  pressure  in  the  direction  of  the  buttress  of  each 
lift  is  equal  to  about  4500  kilogrammes,  producing  a  horizontal  component  equal  to  about  3500 
kilogrammes.  This  component  tends  to  make  the  piles  of  the  foundations  give  way,  and  cause  the 
mass  of  concrete  to  pivot  towards  the  lower  basin.  When,  however,  the  piles  arc  well  driven  in 
and  bound  together,  no  such  disturbance  need  be  feared;  but,  as  the  layers  of  concrete  below  the 
fall  may  possibly  be  undermined  by  the  water,  it  is  requisite  that  the  pavement  of  the  platform  be 
able  to  resist,  by  its  power  of  adhesion  alone,  a  sliding  force  equal  to  3500  kilogrammes  for  every 
lift.  If,  then,  we  take  1100  kilogrammes  only  as  representing  the  adhesive  force  of  each  square 
metre  of  masonry,  we  find  that  the  adhesion  added  to  the  friction  gives  a  power  of  resistance  greatly 
exceeding  3500  kilogrammes,  so  that  little  danger  need  be  apprehended. 

The  lift  of  a  navigable  way  is  composed  of  three  principal  parts,  namely : 

1st.  Of  a  framework  of  timber  susceptible  of  moving  upon  a  horizontal  axis  placed  norprn- 
dicularly  to  the  direction  of  the  current.  When  this  framework  is  raised,  it  is  supported  by  iU 
axis,  while  its  base  rests  against  a  sill  attached  to  the  platform  of  the  barrage. 

2nd.  Of  a  chevalet  or  stay,  made  of  iron,  and  bearing  the  horizontal  axis  mentioned  alx>ve.  The 
lower  part  of  the  chevalet  is  terminated  by  two  spindles  working  in  sockets  that  arc  attached  to 
the  sill  against  which  the  foot  of  the  lift  rests,  Fig.  5G8 ;  so  that  this  chevalet  ia  able  to  turn 
upon  its  base,  carrying  with  it,  as  it  moves,  the  framework  of  the  lift. 

3rd.  Of  a  buttress  of  iron,  the  head  of  which  forms  an  articulation  with  that  of  the  chevalet 
its  foot  resting  against  a  cast-iron  shoe,  firmly  cemented  in  the  platform 


timber,  O  the  centre  on  which  it  oscillates,  A1  B'  its  position  when  giving  way  to  the  water,  and 
M  N  its  position  when  lying  flat  on  the  platform  to  allow  the  passage  of  VMHMl     But.  in 
make  the  arrangement  better  understood,  we  give  an  enlarged  cut  representing  the  Hiii  f 
of  the  system,  Fig.  569,  wherein  A  B  shows  the  framework  or  wooden  swine-gate,  ab  its  poc 
when  raised,  and  A'  B'  its  position  when  lowered,  C  the  chevalet,  and  D  the  buttress  or  prop. 
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This  is  the  system  that  has  been  so  successfully  and  ingeniously  put  into  practice  by  M.  Chanoino 
at  the  celebrated  barrage  of  Conflans-sur-Seine — of  which  a  general  view  is  here  shown  Fi".  570— 
and  at  various  other  places. 

Besides  the  three  principal  com- 
ponents of  a  lift,  above  described, 
there  remains  yet  one  addition  of 
some  import : 

The  Counterpoise. — Upon  refer- 
ring to  the  several  illustrations,  it 
will  be  observed  that  that  portion 
of  the  lift  which  ia  above  its  axis 
of  suspension,  and  which  is  called 
the  vol&,  or  fly,  is  wedge-shaped, 
getting  thinner  towards  the  top; 
whereas  that  which  is  below  the 
axis  of  suspension  is  uniform  in  its 
thickness,  which  is  equal  to  the 
thickest  part  of  the  fly.  This  is 
done  in  order  to  nearly  balance  the 
gate,  giving  the  lower  portion, 
however,  a  slight  preponderance 
over  the  upper,  which  has  a  longer 
radius.  The  moment  of  the  weight 
of  the  timbers  forming  the  lower 
part,  called  the  culasse,  or  breech,  is 
about  110  out  of  water;  and  that 
of  the  timbers  of  the  fly  is  nearly 
equal  to  it :  but  when  the  breech 
is  entirely  immersed,  the  moment 
of  its  weight  is  destroyed  by  the 
very  fact  of  immersion ;  so  that,  in 
manoeuvring,  the  weight  of  the  fly 
becomes  an  obstacle  to  the  lowering 
of  the  breech:  to  remedy  this  it 
was  necessary  to  append  a  counter- 
poise to  the  latter,  Figs.  571  and 
572,  composed  of  a  mass  of  cast 
iron,  movable,  and  held  and  guided 
by  three  parallel  iron  bars,  Fig.  , 
572,  along  which  it  may  slide,  and  { 
weighing  about  66  kilogrammes. 
The  moment  of  this  counterpoise, 
together  with  the  rest  of  the  iron- 
work of  the  breech,  is  about  96. 

In  order  to  give  some  idea  how 
the  system  operates,  let  us  suppose 
a  lift  to  be  raised  and  in  position, 
and  then  observe  by  what  means  it 
is  lowered. 

If  the  end  of  the  buttress, 
which  is  rounded,  be  drawn  on  one 
side  from  the  shoe,  it  is  evident 
that,  losing  its  point  of  support,  it 
will  slide  upon  the  platform  in  the 

direction  of  the  pressure  exerted  L_!i?  1 1     Blfh'' 

against  the  lift;  that  the  chevalet 
will  necessarily  follow  the  buttress, 
turning  upon  its  base ;  and  that  the 
gate  itself,  in  rotation,  will  follow 
the  chevalet :  so  that  the  two  former 
will  be  stretched  upon  the  platform 
in  prolongation  of  one  another, 
while  the  latter  rests  on  the  top  of 
both,  covering  them.  See  Fig.  569. 

The  buttresses  are  made  to  slip 
from  their  respective  shoes  by  means 
of  an  iron  bar,  placed  horizontally 
upon  the  platform,  and  furnished 
with  catches,  so  disposed  at  dis- 
tances that  they  draw  aside  the 
buttresses  one  by  one,  in  succession, 
and  in  the  order  in  which  it  is 
intended  to  lower  the  lifts.  This 
bar  must  be  easy  of  management, 
and  arranged  in  such  a  manner 


S 
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that  its  action  may  not  bo  impeded  by  gravel,  sand,  or  any  foreign  matter  carried  down  by  the 
current.  It  is  terminated  at  one  end  by  a  rack  worki«d  by  a  vertical  wheel,  by  the  aid  of  which  its 
motion  is  imparted  and  thence  transmitted  from  buttress  to  button,  t  pun  IM  in^  released  from 

the  shoe,  the  buttresses  slip  into  guiding 
rails,  or  grooves,  in  which  they  slide  till  they 
reach  the  bottom. 

It  must  be  observed  that,  if  the  bar  haa 
to  be  moved  in  a  certain  direction  in  order 
to  lower  the  lifts,  it  is  also  necessary  that  it 
should  be  able  to  move  in  the  opposite  di- 
rection, after  all  the  lifts  are  down,  so  that 
each  catch  of  the  bar  may  return  to  its  pro- 
per place,  before  they  are  raised,  again  to  be 
ready  for  action.  With  this  view  it  is  requi- 


eite  so  to  arrange  that  there  may  be  a  chamber 
reserved  beneath  the  articulation  of  the  chevalet 
and  buttress  wherein  the  bar  may  freely  work. 

We  have  already  implied  that  the  lift  proper  ia 
divided  by  its  axis  of  rotation  into  two  distinct 
parts :  the  lower  part  it  has  been  agreed  to  call  the 
breech,  and  the  upper  the  fly.  It  is  necessary  to 
bear  in  mind  this  distinction.  We  will  now  de- 
scribe the 

Method  of  Raising  the  Lifts. — If  the  base  of  the 
breech  be  fixed  to  the  sill  of  the  barrage,  and  we 
attempt  to  raise  the  lift  by  seizing  the  top  of  the  fly 
with  a  hook,  a  resistance  is  at  once  experienced, 
that  increases  rapidly  with  the  height  of  the  fall  in 
the  navigable  way,  and  becomes  almost  insurmount- 
able when  the  fall  attains  a  height  of  Om-30. 

With  the  movable  lifts  actually  in  use,  the 
operation  is  performed  in  a  totally  different  manner. 
Instead  of  proceeding  as  above,  it  is  the  lower  part 


of  the  breech  that  ia  first  raised ;  whereby  the  fall  of  water  which,  in  the  former  instance,  was  an 
impediment,  becomes,  to  a  certain  extent,  an  auxiliary,  because  it  raises  the  woodwork  of  the 
lift  as  soon  as  the  water  has  made  ita  way  beneath  it.  To  this  effect,  the  base  of  the  breech  ia 
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provided  with  a  stout  iron  handle.  The  keeper,  entering  a  boat  fitted  for  the  purpose,  adze* 
this  handle  with  a  hook;  then,  pulling,  by  degrees  the  breech  of  the  lift  rises  from  theplatform 
dragging  with  it  its  chevalct,  and  the  latter  its  buttress,  Fig.  573.  When  these  three  have  arrived 
at  the  end  of  their  course,  the  extremity  of  the  buttress  comes  and  rests  against  the  shoe  and  the 
gate  remains  suspended  on  its  axis  of  rotation,  while  the  breech  is  upheld  by  the  boatman's  hook 
As  soon  as  the  hook  is  detached,  if  the  breech  be  a  little  heavier  than  the  fly,  or  if  it  be  slightly 
pushed,  the  gate  immediately  turns  upon  its  axis,  and  the  breech  rests  against  the  sill  of  the  wt-ir 
This  is  effectually  what  takes  place;  but  in  order  to  ensure  precision  and  regularity  in  the 
working  of  the  different  parts,  many  other  accessories  are  needed,  the  details  of  which  our  limit* 
will  not  allow  us  to  particularize. 

There  are  twelve  barrages  between  Paris  and  Moutereau,  of  which  the  normal  heights  of  the 
falls  are  as  follows : — 

Barrage  of  Port-a-1'Anglais     H  =  2-40 

„          Albion      H  =  l-85 

»          Evry         H  =  l-54 

„          Coudray   ..      ..      : H  =  l-82 

„          La  Citanguette      H  =  1-43 

„          Vives-Eaux H  =  T46 

„          Melun      H  =  l-44 

„          LaCave H  =  1-97 

„          Samois H  =  2'00 

„          Champagne H  =  l-59 

„          La  Madeleine         H  =  1'64 

„          Varennes        H  =  1-62 

The  extreme  values  are  H  =  2m-40  and  H  =  lm>43. 

When  the  reserve  is  on  a  level  with  the  top  of  a  barrage,  the  real  fall  is  equal  to  the  normal  fall, 
just  given,  less  the  surface  incline  of  the  water  between  that  barrage  and  the  one  immediately 
below  it.  That  incline  may  vary  from  0  to  Om  •  15.  Moreover,  it  is  necessary  to  deduct  the  thick- 
ness of  the  sheet  of  water  surmounting  the  crest  of  the  lower  weir. 

We  regret  that  space  will  not  allow  us  to  enter  into  further  details  upon  so  interesting  and  im- 
portant a  subject.  As  we  shall  have  occasion,  however,  to  return  to  it  again  when  speaking  of 
flood-gates  and  canals,  we  must  refer  to  those  heads  for  more  minute  particulars  touching  the  con- 
struction and  working  of  the  movable  lift  and  the  self-acting  bascule  gate.  The  lifts  of  a  navigable 
way  ought  never  to  be  self-acting,  though  the  inconveniences  likely  to  arise  from  their  being  so 
constructed  would  not  be  of  any  very  serious  nature.  As  regards  the  overfall,  the  case  is  different: 
there,  on  the  contrary,  it  is  of  great  importance  that  the  lifts,  swung  en  bascuie,  should  be  Bel/- 
acting. 

At  the  barrage  of  Conflans  the  overfall  is  composed  of  twenty  lifts,  each  lm>35  high,  lm-20 
wide,  and  separated  by  spaces  measuring  Om-10.  They  are  all  self-acting,  each  gate  swinging  en 
bascule,  and  being  regulated  to  resist  a  certain  pressure  by  means  of  a  counterpoise ;  so  that,  when 
by  reason  of  a  sudden  increase  of  water  the  pressure  becomes  too  great,  they  immediately  yield, 
and,  presenting  a  wider  opening  for  the  flood,  prevent  inundations,  very  much  after  the  manner 
of  the  gates  invented  by  M.  Chaubart.  It  is,  however,  but  an  act  of  justice  to  state  that  the  idea 
of  a  barrage  with  movable  lifts  was  first  due  to  M.  Thenard,  about  the  year  1840. 

That  gentleman,  for  a  great  many  years  chief  engineer  of  the  canal  operations  on  the  river 
Isle,  had  been  unceasingly  occupied  in  search  of,  and  experimenting  upon,  the  means  of  arriving 
at  some  efficient  and  practical  mode  of  regulating,  controlling,  and  utilizing  the  supply  of  water 
in  rivers.  He  so  far  succeeded  in  this  object,  that  he  was  enabled  to  sustain  the  waters  of  the 
river  Isle  at  7  ft.  4  in.  above  the  level  of  the  bed,  procure  a  convenient  draught  of  water  to  pet 
boats  up  during  dry  weather,  maintain  them  at  this  level  sufficiently  long  so  that  the  free  flowing 
of  the  river  was  incapable  of  drawing  them  away,  and,  having  arrived  at  this  point,  to  restore  the 
waters  to  their  natural  course  in  order  not  to  expose  the  valleys  to  an  overflow  that  would  be 
prejudicial. 

The  first  report,  addressed  to  the  Administration  of  Bridges  and  Highways,  on  the  trials  made 
by  M.  The'nard,  is  dated  in  1831 :  it  announced  the  good  opinion  formed  of  them  by  the  inspector 
of  the  division.  In  1839,  for  the  purpose  of  verifying  it,  another  commission,  composed  of 
Inspectors,  general  and  divisional,  of  Bridges  and  Highways,  was  appointed  by  tho  Government. 
M.  Thenard,  having  perfected  with  skill  and  success  a  happy  idea  of  a  provisional  flood-gate, 
suggested  to  him  by  the  divisional  inspector,  M.  Mesnager,  was  able  to  render  his  system  of 
Barrage  more  complete.  On  the  4th  of  July,  1841,  the  commission  concluded  their  experiment* 
and  reported  thereon. 

Up  to  this  time  M.  The'nard  had  only  had  occasion  to  apply  his  system  to  fixed  existing 
barrages,  raising  the  level  of  the  water  about  2  ft.  6  in.  only.  Confiding  in  the  certainty  of  hi* 
system,  however,  he  obtained  authority  to  make  a  further  trial,  in  which  the  retained  body  of 
water  above  the  lower  level  was  raised  to  a  height  of  nearly  9  ft. 

Among  the  authors  who  may  be  consulted  are  MM.  Bresse,  '  Cours  de  Meeaniquo  Appliquee;* 
Lesbros,  '  Experiences  Hydrauliques  sur  les  Lois  de  PEcoulement  do  1'Eau ; '  Chanoine,  '  Notice 
sur  les  Barrages  Mobiles ; '  Dubuat,  '  Principes  d'Hydraulique ; '  Chanoine  and  Lagrend, '  Mcmnire 
sur  les  Barrages  a  Hausses  Mobiles ; '  Mari ;  Graeff,  '  Rapport  BUT  la  Forme  et  la  Mode  de  Con- 
struction du  Barrage  d'Enfer  sur  le  Furens,'  Me'moires  des  Fonts  et  Chausseea,  No.  184,  4»  se>ie; 
Gibbs, '  Cotton  Cultivation,  and  the  Barrage  of  Great  Rivers,'  crown  8vo,  1862;  Breton,  'Memoir* 
sur  les  Barrages,'  4to,  18U7. 
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TABLE  I. — COEFFICIENTS  OF  EXPENDITURE. 

Narrow-edged  rectangular  orifices,  Om<20  wide,  and  varying  in  height,  discharging  freely  into 

the  open  air. 


Lo^. 

COEFFICIENTS  OF  EXPENDITURE  FOR  ORIFICES  WHOSE  HEIGHTS  ARE 

upon  Ui6 

m. 

m. 

m. 

m. 

m. 

TO. 

th«  Orifice* 

0-20 

0-10 

0-05 

0-03 

0-02 

o-oi 

m. 

J-   / 

0-02 

0-572 

0-596 

0-616 

0-639 

0-660 

0-695 

1 

0-03 

0-578 

0-600 

0-620 

0-641 

0-659 

0-689 

£    "•• 

0-04 

0-582 

0-603 

0-623 

0-640 

0-659 

0-684 

Q      4 

0-06 

0-587 

0-607 

0-626 

0-639 

0-657 

0-677 

IJ 

o-io 

0'5'.)2 

0-611 

0-630 

0-637 

0-655 

0-667 

•s  % 

0-20 

0-598 

0-615 

0-631 

0-634 

0-649 

0-655 

4 

0-30 
0-40 

0-600 
0-602 

0-616 
0-617 

0-630 
0-629 

0-632 
0-631 

0-645 
0-642 

0-650 
0-646 

i 

0-60 

0-604 

0-617 

0-627 

0-630 

0-638 

0-641 

1  ;      i 

1-00 

0-605 

0-615 

0-625 

0-627 

0-632 

0-629 

1-50 

0-602 

0-611 

0-619 

0-621 

0-620 

0-617 

o 

:  •" 

2-00 

0-601 

0-607 

0-613 

0-613 

0-613 

O-GI:; 

^    i 

3     \ 

3-00 

0-601 

0-603 

0-606 

0-607 

0-608 

0-609 

aS        / 

0-02 

0-599 

0-624 

0-664 

0-691 

0-703 

0-756 

§  ¥ 

0-03 

0-603 

0-629 

0-665 

0-687 

0-702 

0-747 

*S  "g  • 

0-04 

0-605 

0-633 

0-666 

0-686 

0-701 

0-741 

i  J   . 

0-06 

0-610 

0-637 

0-667 

0-686 

0-699 

0-732 

Ill 

o-io 

0-615 

0-643 

0-669 

0-684 

0-698 

0-722 

**  Jl  I 

0-20 

0-621 

0-648 

0-670 

0-681 

0-696 

0-712 

I  v  e  i 

o-:;o 

0-622 

0-648 

0-670 

0-681 

0-695 

0-709 

•5  'ri  3 

0-40 

0-623 

0-648 

0-669 

0-681 

0-695 

0-706 

8  3  *3 

0-60 

0-624 

0-648 

0-668 

0-679 

0-693 

0-703 

J  S  a 

1-00 

0-624 

0-647 

0-666 

0-676 

0-692 

0-701 

So- 

1-50 

0-624 

0-644 

0-665 

0-675 

0-687 

0-697 

.55 

2-00 

0-619 

0-641 

0-664 

0-675 

0-683 

0-693 

••*  • 

S3    V 

3-00 

0-614 

0-639 

0-662 

0-675 

0-680 

0-689 

5i  •  ( 

0-02 

0-655 

0-715 

0-03 

.. 

.. 

0-653 

0-706 

2  2  ° 

0-04 

0-649 

,. 

0-651 

.. 

0-699 

ill 

0-06 

0-647 

.  . 

0-648 

,. 

0-691 

D  «•    K 

?A       _ 

0-10 

0-645 

0-645 

0-683 

H 

0-20 

0-641 

.. 

0-642 

.  , 

0-675 

J*5  "8  i 

0-30 

0-639 

0-642 

0-671 

H.  s 

0-40 

0-639 

0-641 

it 

0-668 

83  15 

0-60 

0-638 

|| 

0-639 

0-665 

2    2 

a  s  a 

1-00 

0-638 

0-634 

0-658 

o  o  3 

1-50 

0-637 

.  . 

0-627 

0-651 

«• 

2-00 

0-636 

pl 

0-621 

p> 

0-647 

~>  -• 
Si  V 

3-00 

0-634 

•• 

0-614 

•• 

•• 

0-644 

S3 

0-02 

i  ~ 

0-03 

ig 

M 

1  ° 

0-04 

•|  \ 

, 

>.  ° 

0-06 

tt 

tt 

0-699 

f  > 

. 

Sl 

0-10 

tt 

0-696 

f  t 

,. 

. 

s  ^ 

0-20 

0-708 

<4 

0-693 

3  ja         i 

0-30 

0-687 

t> 

0-691 

. 

•gf 

0-40 

0-682 

0-690 

1  1 

.. 

. 

a  ° 

0-60 

0-679 

.. 

0-688 

.. 

. 

"     V 

1-00 

0-676 

>§ 

0-685 

. 

0  %  a 

1-50 

0-672 

0-681 

,. 

«* 

2-00 

0-668 

0-680 

.. 

. 

U 

3-00 

0-665 

" 

0-678 

• 
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TABLE  II. 

Narrow-edged    rectangular  orifices,  Om<20   in  width,  and  varying   in   height,  and   continued 
outwards  by  a  rectangular,  horizontal,  and  open  channel,  of  the  same  width  aa  the  orifice. 


Loads 

COEFFICIENTS  OF  EXPENDITURE  FOR  ORIFICES  WHOSE  HEIGHTS  ABB 

upon  the 
ridge  of 

m. 

m. 

m. 

m. 

m. 

m. 

:lie  orifices. 

0-20 

0-10 

0-05 

0-03 

0-03 

o-oi 

m. 

J'3        ( 

0-02 

0-480 

0-484 

0-488 

0-501 

M 

0-599 

£ 

0-03 

0-493 

0-507 

0-525 

0-551 

1  1 

0-626 

!§  i 

0-04 

0-503 

0-527 

0-555 

0-598 

1  , 

0  645 

s  £ 

0-06 

0-518 

0-557 

0-594 

0-632 

M 

0-667 

.§3 

o-io 

0-542 

0-586 

0-624 

0-633 

M 

0-671 

SS 

0-20 

0-574 

0-606 

0-631 

0-632 

., 

0-664 

£   *        i 

0-30 

0-591 

0-612 

0-629 

0-631 

.. 

0-658 

g"3 

0-40 

0-597 

0-615 

0-626 

0-630 

,. 

0-652 

1 

0-60 

0-600 

0-615 

0-625 

;  0-628 

0-644 

o  a 

1-00 

0-601 

0-615 

0-624 

0-625 

0-631 

11 

1-50 

0-601 

0-612 

0-619 

0-620 

.. 

0-618 

°.  -2 

2-00 

0-601 

0-607 

0-613 

0-613 

„ 

0-613 

-1    V 

3-00 

0-601 

0-603 

0-606 

0-607 

•• 

0-609 

43        ( 

0-02 

0-480 

0-487 

0-616 

0-03 

0-493 

.. 

0-526 

.. 

0-642 

ig 

0-04 

0-502 

0-552 

,, 

M 

0-660 

§ 

0-06 

0-517 

0-583 

.. 

0-676 

fe  T3 

o-io 

0-538 

0-605 

.. 

.. 

0-682 

II 

0-20 

0-566 

M 

0-617 

., 

.. 

0-679 

0-30 

0-580 

0-622 

,, 

.. 

0-676 

l! 

0-40 

0-587 

M 

0-625 

.. 

.. 

0-673 

0-60 

0-595 

0-627 

.. 

0-670 

2  a 

1-00 

0-600 

0-628 

.. 

.. 

0-665 

§s 

1-50 

0-602 

0-627 

,, 

.. 

0-657 

2-00 

0-602 

0-623 

.. 

.. 

0-654 

ei         V 

3-00 

0-601 

M 

0-618 

•• 

0-652 

rer  surface  is 
m,  and  whose 
'•02  from  the 

0-02 
0-03 
0-04 
0-06 
0-10 

0-496 
0-510 
0-522 
0-539 
0-563 

M 

0-557 
0-577 
0-592 
0-611 
0-628 

•• 

» 

0-675 
0-683 
0-688 
0-693 
0-694 

sis 

0-20 

0-591 

0-637 

.. 

.. 

0*684 

8.  Orifices  whose 
isolated  from  the  bol 
vertical  sides  project 
sides  of  the  reservoir. 

0-30 
0-40 
0-60 
1-00 
1-50 
2-00 
-       3-00 

0-607 
0-615 
0-625 
0-628 
0-627 
0-626 
0-624 

" 

0-636 
0-635 
0-635 
0-635 
0-634 
0-634 
0-632 

» 

•• 

a  '>77 
0-673 
O-MB 
8*888 
0-68*1 
0-651 
0-648 

•2  *3  ^ 
°*  -~2 
4-  « 

'      0-02 
0-03 
0-04 

0-518 

.. 

0-512 
0-543 
0-566 

•• 

•• 

0-625 
0-6S3 
8*681 

s5 
fc  s  a 

fa.  J3   O 

0-06 

o-io 

0-536 
0-560 

•• 

0-595 
0-621 

.. 

.. 

0-687 

0-  r'iw 

|f« 

0-20 

0-589 

t    t 

0-637 

.. 

•  • 

IHTO 

g-gs 

.§•& 

*TS°.!3 

§S*»  g 
«g£| 

0-30 
0-40 
0-60 
1-00 

0-603 
0-613 
0-623 
0-630 

•' 

0-643 
0-646 
0-648 
0-649 

•• 

•• 

ii  .;.» 

ii  .:•...) 
(i  8M 

Oi'"1  1 

"C  *£    2    G> 

*§•* 
J«J-9 

S31* 

O  aQ  O 

1-50 
2-00 
<       3-00 

0-633 
0-632 
0-630 

0-647 
0-644 
0-639 

•• 

Vf  Cr 

0  674 
0  670 

2C4 
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TABLE  III. 

discharging  freely  into  tho  open  air         (A) 

n  vtaiiu'iilivr  ovcrfnlln,  <   outwardly  extended  by  means  of  an  open  horizontal  channel 

-0  wide,          (       of  equal  section  with  the  orifice (B) 

The  arrangements  A  and  B  may  present  the  variations  defined  at  1,  2,  and  3,  Table  I.,  nml  :> 
ami  J,  Tal»lc  11.,  when  tho  rectangular  orifices  are  closed  at  the  top. 
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COF.FTICIEXTS  OP  EXPENDITURE 
for  overkills  presenting  the  arrangement  A, 
with  lu  variation. 

COEFFICIENTS  or  ExrKxorrcRE 
for  ovcrfalU  presenting  the  arrangement  U, 
with  ltd  variation. 
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BARREL.     FR.,  Tonneau ;  GER.,  Pass ;  ITAL.,  Barile,  Barigliane ;  SPAN.,  Barril. 

A  barrel  is  a  round  vessel  or  cask,  of  more  length  than  breadth,  and  bulging  in  the  middle, 
made  of  staves  and  headings,  and  bound  with  hoops. 

The  term  is  also  applied  to  a  tube,  or  to  any  hollow  cylinder,  as  the  barrel  of  a  gun,  the  barrel 
of  a  pump,  and  so  on. 

BARREL-CURB.  FB.,  Margellc ;  GER.,  Scnkrahmen  ;  ITAL.,  Appoggio  impiegato  nella  costruzione 
dei  pozzi ;  SPAN.,  Mardelle. 

A  barrel-curb,  or  well-curb,  is  an  open  cylinder,  about  3  ft.  6  in.  or  4  ft.  in  length,  formed  of 
strips  of  wood  nailed  round  horizontal  ribs  of  elm,  and  used  as  a  mould  in  well-sinking  to  keep 
the  well  cylindrical  during  the  process  of  sinking.  When  the  required  depth  has  been  attained, 
this  cylinder  is  usually  left  in  the  bottom  of  the  well,  under  the  steming,  brickwork  being  built  up 
under  the  horizontal  ribs. 

BARREL-DRAIN.  FB.,  Tranches  en  berccau ;  GER.,  TonnenfSrmiger  Abzugscanal;  ITAL.,  Fvyna 
ciiindrica ;  SPAN.,  Alcantarilla  Cilindrica. 

A  barrel-drain  is  a  brick  or  stone  drain  of  cylindrical  form. 

BARRIER.     FB.,  Barriere;  GER.,  Barriere;  ITAL.,  Palizzata;  SPAN.,  Barrera. 

In  fortification  a  barrier  is  a  kind  of  fence  made  in  a  passage  or  retrenchment  to  stop  an  enemy. 
It  is  usually  a  palisade  or  stockade. 

BARROW.    FB.,  Brouettc ;  GEB.,  Schuhkarrcn ;  ITAL.,  Carriwla ;  SPAN.,  Carrctilla  de  mono. 

A  barrow  is  a  light,  small  carriage,  borne  or  moved  by  hand. 

The  body  of  the  excavator's  barrow,  Figs.  574,  575,  is  spread  wide  open,  and  the  sides  are  much 
inclined ;  the  centre  of  gravity  of  the  load  is  therefore  situated  much  lower,  with  respect  to  the 
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handles,  than  in  the  ordinary  barrow,  which  renders  it  steadier  and  easier  to  wheel.  The  contents 
are  discharged  by  inclining  the  barrow  at  an  angle  of  45°,  and  supporting  it  constantly  on  the 
wheel.  The  nave  of  the  wheel  is  prolonged  on  each  side,  and  serves  as  an  axle,  the  periphery  of 
which  is  about  1  in.  in  thickness  and  rounded  on  the  edge. 
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BARS,  GUAED.     FB,  Garde-fou;  GER,  Fenster  Vcrgitterun;j ;  ITAL,  Sbarra 
Usually  Drought-iron  bars  in  front  of  windows,  about  f  in.  in  diameter,  if  round,  or  *  in  if  sonar* 
spaced  about  5  in  apart  and  fixed  perpendicularly  through  horizontal  rails  of  flat  bar-iron  u£' 
wide  by  f  in  thick,  built  into  the  jambs  of  the  window :  the  ends  of  tho  bars  at  the  bottom  shuuTi 
be  let  into  the  stone  sill,  and  run  with  lead. 


BRIDGES-      FB"  *<»«-*«>*;    GEE,   ZugbHicke;    ITAL,   Ponte  Ictatoio; 
See  DRAWBRIDGES. 

BASEMENT.    FB.,  Soubassement ;  GEE.,  Fundament,  Untcre  Thcil ;  ITAL,  Batamento  •  SPA* 

Bajamente,  Planta  baja. 
See  BUILDING. 

BASE-LINES.     FB.,  Lignes  de  base;   GER.,  Grundlinie;  ITAL.,  Base  di  tricmyolazione  •  SPAN 

Base  trigonome'trica. 
See  GEODESY. 

BASE-PLATE.  FR.,  Plaque  de  fondation ;  GER.,  Grundplatte ;  ITAL.,  Piastra  di  fondaxioiu  • 
SPAN.,  Plancha  de  cimiento. 

The  foundation-plate  of  heavy  machinery,  as  of  the  steam-engine,  is  termed  the  baso-nlate  • 
the  bed-plate. 

BASIN.    FB.,  Bassin;  GEE.,  Schiffsdocke;  ITAL.,  Bacino;  SPAN.,  Pantano,  diqw. 

Any  hollow  place  containing  water,  as  a  dock  for  ships,  is  called  a  basin.    See  DOCKS 

BASKET-HANDLED  AECH.  FB.,  Arc  en  anse  de  panicr;  GEE.,  Stichbogcn;  ITAL.,  Arco 
scemo ;  SPAN.,  Arco  eliptico. 

Any  arch  lesa  than  a  semicircle  on  the  same  chord  is  called  a  basket-handled  arch,  hence  all 
semi-elliptic  arches  are  included  in  the  term. 

BASTAED  ASHLAR.     FR.,  Moellon  gisant ;  GER.,  Planer ;  ITAL.,  Pietra  rotza. 

Bastard  ashlar  are  stones  intended  for  ashlar-work,  which  are  merely  rough  scabbled  to  the 
required  size  at  the  quarry ;  or  the  face-stones  of  a  rubble  wall,  which  are  selected,  squared,  and 
dressed,  to  resemble  ashlar. 

BASTARD  STUCCO.  FR.,  Stuc  melt  de  mastic;  GEB.,  EalkmOrtel  mit  fcincm  Sande  vtrsctzt; 
ITAL.,  Stucco  rozzo. 

The  finishing  coat  in  plastering  when  prepared  for  paint  is  termed  bastard  stucco.  It  is  com- 
posed of  similar  stuff  to  that  used  for  trowelled  stucco,  with  the  addition  of  a  small  portion  of  hair, 
but  is  accompanied  with  less  labour,  not  being  floated ;  it  is  generally  employed  in  three-coat  work. 

BASTARD-TOOTHED  FILE.  FB.,  Grosse  lime;  GEB.,  Bestossfeile ;  ITAL.,  Lima  bastard*; 
SPAN.,  Lima. 

See  HAND-TOOLS. 

BASTION.    FR.,  Bastion;  GER.,  Bastion,  Bollwcrk ;  ITAL.,  Bastione;  SPAN.,  Balnarto. 

See  FORTIFICATION. 

BAT.   FB.,  Morccau  de  brique;  GEE.,  Schieferstein ;  ITAL.,  Pezzo  di  mattone;  SPAN.,  Media  lull-Ufa. 

The  half  of  a  brick  is  usually  termed  a  bat.  Other  portions  are  named  according  to  tho  size, 
as  a  quarter  bat,  three-quarter  bat,  and  so  on. 

BATE  A.  FB.,  Cuvette  pour  laver  I'or;  GER.,  Waschschiisscl  fiir  Gold;  ITAL.,  BacineUa  per  lavart 
foro;  SPAN.,  Batea. 

A  batea  is  a  conical-shaped  dish,  Fig.  570,  employed  for  washing  gold  and  pulverized  samples 
of  gold  quartz. 

From  the  general  irregularity  of  tho  produce  of  quartz  in  gold  mines,  it  is  impossible  to  ascer- 
tain the  average  yield  of  vein-stuff  without  crushing  and  experimenting  on  large  quantities;  but 
the  most  usual  method  of  judging  approximately  of  the  value  of  rock,  is  573 

to  pulverize  a  small  quantity  and  wash  the  resulting  powder  in  a  batea  or 
horn  spoon.  In  selecting  the  rock  for  this  purpose,  it  is  evidently  of  the 
greatest  importance  that  it  should  represent  a  fair  average  of  tho  vein  or 
streak  from  which  it  is  taken,  and  consequently  several  hundred-weights 
should  be  broken  from  the  whole  area  of  the  exposed  surface,  taking  care 
that  every  part  be  represented  by  samples  of  nearly  equal  weights.  Tho 
whole  must  now  be  broken  by  a  hammer  on  an  iron  plate,  into  pieces  of 
about  the  size  of  walnuts.  The  resulting  heap  is  then  carefully  mixed, 
by  turning  over  with  a  shovel,  and  subsequently  cut  through  the  middle, 
so  as  to  leave  a  trench  through  its  centre,  extending  to  the  floor  on  which  it  has  been  placed. 
The  two  sides  are  afterwards  carefully  scraped  down,  and  removed  as  a  representative  sample  mi 
which  the  yield  of  the  vein  is  to  be  estimated.  For  the  purpose  of  a  rough  approximation,  thin 
may  bo  at  once  pulverized  in  a  mortar  or  otherwise,  and  its  contents  judged  of  in  accordance  with 
the  results  obtained  by  washing.  Where,  however,  greater  accuracy  is  aimed  at,  and  tho  original 
heap  contained  a  large  quantity  of  broken  rock,  at  least  a  hundred-weight  should  be  semi*-.!  fn-in 
the  sides  of  the  cutting,  and  this,  after  being  further  reduced  to  the  size  of  pens,  mu«t  npiin  INI 
cut  through,  and  a  sample  of  about  4  Ibs.  obtained,  by  the  means  employed  in  tho  first  innt*n<v, 
as  the  final  sample.  This  is  pulverized  in  a  mortar,  and  the  whole  passed  through  a  sieve-  of  «iro 
gauze,  of  forty  holes  to  the  lineal  inch,  after  which  it  is  ready  for  treatment,  either  by  washing  or 
assay. 

The  most  accurate  results  arc  obtained  by  carefully  washing  a  4-lb.  sample  in  tho  baton, 
Fig.  576,  which  is  about  20  in.  in  diameter,  and  2J  in.  in  depth. 

BATH.    FB,  Bain;  GEE,  Bad;  ITAL,  Bagno;  SPAN,  Bafio. 

See  WASHHOUSES  and  BATHS. 

BATH-METAL.     FB,  Tombac;  GEE.,  Tambark;  ITAL,  Lega  di  B<ith  :  SI-AX., 

Bath-metal  is  an  alloy  consisting  of  -tj  oz.  zinc  and  1  Ib.  copper.    See  ALLOTS. 
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BATTEN.    FR.,  Volige;  GEB.,  Dunnes  Brett;  ITAL.,  Tavola  stretta,  Listello;  SPAN.,  Astilla. 

Batten  is  a  term  applied  to  sawn  timber  under  3  in.  in  thickness,  when  the  width  is  7  in.,  to 
distinguish  it  from  other  widths,  such  as  duals  and  planks. 

The  term  batten  is  also  applied  to  boards  in  long  lengths  of  less  than  7  in.  wide,  though  seldom 
more  than  2  or  3  in.  in  width— the  thickness  varying  from  }  in.  to  1J  in.,  according  to  the  purpose 
for  which  tlit>y  nro  intended. 

BATTKN  I  \(  i.     FR.,  Construction  en  volige;  GER.,  Schalwerk;  ITAL.,  Costruziane  di  listelU. 

Narrow  boards  or  battens  fixed  to  walls,  intended  to  be  papered  over  canvas  or  to  receive  the  laths 
for  plastering — also  battens  nailed  on  the  rafters  of  a  roof  to  receive  the  slating — are  called  battening. 

Wall-battens  should  be  spaced  about  12  in.  apart,  and  are  generally  2}  or  3  in.  wide,  and  £  to 
1J  in.  thiok. 

Slate-battens  must  be  spaced  to  correspond  with  the  gauge  of  the  slate.  They  should  be  from 
2}  to  3  in.  wide,  and  from  J  to  1 J  in.  in  thickness,  according  to  the  strength  required. 

BATTER.  FB.,  Talus  ;  GER.,  Verjungung  ;  ITAL.,  Inclinazione  di  muro  ticarpa ;  SPAN.,  Inclination, 
talud. 

In  building,  batter  is  a  term  employed  to  signify  leaning  back ;  it  is  usually  expressed  by  the 
ratio  of  the  departure  from  the  perpendicular  to  the  height,  as  1  in  10, 
Fig.  577,  which  means  that  for  every  10  ft.  in  height  the  wall  batters  1  ft. 

Retaining  walls  are  sometimes  battered  on  the  face  to  the  extent  of 
1  in  5 ;  latterly,  however,  1  in  10  has  become  more  general,  as  when  the 
batter  is  great  the  joints  of  the  sloping  wall  hold  the  wet,  which  soon  finds 
its  way  into  the  work :  it  is  on  this  account  that  most  engineers  prefer  walls 
with  a  vortical  face,  or  at  most  with  a  very  slight  batter. 

BATTERY.  FR.,  Batterie  gatvanique;  GEB.,  Galvanische  Batterie ;  ITAL., 
Batteria  Galcanica. 

When  a  series  of  voltaic  elements,  cells,  couples,  or  pairs,  are  arranged 
in  such  a  manner  that  the  zinc  of  one  element  is  in  connection  with  the 
copper  of  another  element ;  the  zinc  of  this  with  the  copper  of  a  third,  and 
BO  on ;  such  an  arrangement  is  termed  a  Galvanic  or  Voltaic  Battery. 

The  earliest  galvanic  battery  was  constructed  by  Volta  in  1800.  It  consisted  of  an  insulated 
plate,  Fig.  578,  upon  which  was  placed  a  series  of  discs  of  copper  and  of  zinc  soldered  together. 
Above  the  copper  of  the  first  disc  was  placed  a  disc  of  cloth  d,  saturated  with  acidulated  water ; 
npon  the  disc  of  cloth  was  then  laid  another  metallic  disc.  These  discs  were  thus  alternately  laid 
one  upon  another,  until  a  pile,  Fig.  579,  had  been  built  up,  care  being  taken  to  lay  them  the  same 
way.  To  the  ends  of  this  pile  were  attached  wires  p  and  n,  which,  when  connected  in  any  way, 
set  in  motion  a  current  of  electricity. 

579. 


The  piles  constructed  in  this  way  were,  however,  but  weak,  and  useless  for  experiments  which 
lasted  any  length  of  time ;  for  as  the  number  of  elements  was  augmented,  the  weight  of  the  upper 
discs  pressed  the  liquid  from  the  lower  discs,  which  became  dry,  and  so  lost  their  conduotibility. 
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This  led  Volta  to  invent  the  improved  modification  shown  in  Pig.  581,  which  he  called  the  ctmrotuu 
de  tasses,  or  crown  of  cups.  Instead  of  the  damp  cloth  of  the  pile,  a  number  of  jars,  arranged  in 
a  circle,  and  filled  with  acidulated  water,  are  employed.  The  jare  communicate  cuccessively 
one  with  the  other  by  means  of  metallic  arches  formed  of  a  plate  of  zinc  soldered  to  a  plate  of 
copper ;  the  copper  of  each  arch  being  plunged  into  the  jar  which  precedes  it,  and  the  zinc  into 
the  jar  which  follows  it.  The  two  jars  which  form  the  extremities  of  the  series  receive  respec- 
tively a  plate  of  zinc  Z,  and  a  plate  of  copper  C,  to  each  of  which  is  fastened  a  conducting-wire. 
The  first  corresponds  to  the  negative  pole  and  the  second  to  the  positive  pole. 

To  comprehend  the  principle  of  this  battery,  we  will  suppose  that  two  plates,  cut,  one  Z  from  a 
sheet  of  zinc,  and  the  other  C  from  a  sheet  of  copper,  Fig.  580,  are  placed,  without  contact  with 
each  other,  in  a  jar  containing  slightly  acidulated  water.  To  the  upper  edges  of  the  plates  let  two 
pieces  of  wire  be  fastened.  In  this  state  the  apparatus  will  manifest  no  development  <>f  tin; 
electric  fluid ;  but  if  the  ends  of  the  wires  be  brought  into  contact  at  M,  an  electric  current 
will  be  set  in  motion,  passing  through  the  wires  from  the  point  where  the  wire  is  fastened  to  the 
copper  C,  to  the  point  where  the  other  wire  is  soldered  to  the  zinc  Z.  The  current  will  continue 
to  flow  so  long  as  the  ends  of  the  wires  are  in  contact,  but  the  moment  the  ends  are  separated  the 
current  ceases. 

It  will  be  seen  that  the  electric  fluid  ia  evolved  by  the  combination  of  three  bodies — the  zinc,  the 
copper,  and  the  acidulated  solution  in  which  they  were  immersed.  The  production  of  the  curr.-nt 
depends  on  the  chemical  action  of  the  solution  on  the  zinc.  That  metal  being  very  Btuccptiblc  of 
oxidation,  decomposes  the  water  which  is  in  contact  with  it.  One  constituent  of  the  water  com- 
bining with  the  zinc  produces  a  compound  called  the  oxide  of  zinc,  and  this  oxide  entering  again 
into  combination  with  the  acid  which  the  water  holds  in  solution,  forms  a  soluble  salt.  If  the 
acid,  for  example,  be  sulphuric  acid,  this  salt  will  be  the  sulphate  of  the  oxide  of  zinc ;  and  as  fast 
as  it  is  produced  it  will  be  dissolved  in  the  water  in  which  the  plates  were  immersed.  The  copper 
not  being  as  susceptible  of  chemical  action  as  the  zinc,  remains  comparatively  unaffected  by  the 
solution ;  but  the  hydrogen  evolved  in  the  decomposition  of  the  water  collects  upon  its  surface, 
after  which  it  rises  and  escapes  in  bubbles  at  the  surface  of  the  solution. 

It  is  to  this  chemical  action  upon  the  zinc  that  the  production  of  the  electric  current  is  duo. 
If  a  similar  action  had  taken  place  in  the  same  degree  on  the  copper,  a  similar  and  equally  intense 
electric  current  would  be  produced  in  the  opposite  direction ;  in  that  case  the  two  current**  wmilJ 
neutralize  each  other,  and  no  electric  effect  would  ensue.  From  this  it  will  be  seen  that  tho 
efficacy  of  the  combination  must  be  ascribed  to  the  fact  that  one  of  the  two  metals  immersed  in 
the  solution  is  more  oxidizable  than  the  other,  and  that  the  energy  of  the  effect  and  the  intensity 
of  the  current  will  be  so  much  the  greater  as  the  susceptibility  of  oxidation  of  one  metal  exceeds 
that  of  the  other. 

It  appears,  therefore,  that  the  principle  may  be  generalized,  and  that  electricity  will  bo 
developed  and  a  current  produced  by  any  two  metals  similarly  placed,  which  are  oxidizable  in 
different  degrees.  And,  indeed,  if  two  pieces  of  the  same  metal  are  differently  acted  upon,  cither 
by  heat  or  chemically,  a  current  of  electricity  will  be  produced  on  their  being  connected  to;r<-tlicr. 

Zinc  being  one  of  the  most  oxidizable  metals,  and  being  also  sufficiently  cheap  and  plentiful,  is 
generally  used  for  voltaic  combinations.  Silver,  gold,  and  platinum  are  severally  less  susceptible 
of  oxidation,  and  of  chemical  action  generally,  than  copper,  and  would  therefore  answer  voltaic  pur- 
poses better,  but  are  excluded  by  their  greater  cost,  and  by  the  fact  that  copper  is  found  auflirieiit 
for  all  practical  purposes.  It  is  not,  however,  absolutely  necessary  that  tho  inoxidizablo  plate  C  of 
the  combination  should  be  a  metal.  It  is  only  necessary  that  it  be  a  good  conductor  of  electricity. 

In  certain  voltaic  combinations,  charcoal  properly  solidified  has  therefore  been  substituted  for 
copper,  the  solution  being  such  as  would  produce  a  strong  chemical  action  on  copper.  Each  com- 
bination of  two  metals,  or  of  one  metal  and  charcoal,  is  called  either  a  cell,  a  couple,  an  clement, 
or  a  pair. 

A  series  of  jars,  Fig.  582,  when  arranged  in  a  similar  manner  to  Volta's  couronne  de  touts,  that 
is,  the  zinc  of  one  jar  in  connection  with  the  copper  of  the  next  jar,  tho  order  being  zinc,  acid, 
copper,  zinc,  acid,  copper,  and  so  on,  is  termed  a  battery,  and  by  its  means  the  effects  produced  by 
a  single  element  are  capable  of  being  greatly  increased.  If,  however,  only  one  element  u 
employed,  it  is  in  itself  a  battery. 

582.  683. 


The  part  of  a  battery  from  which  the  current  is  supposed  to  proceed  is  called  tho  positive  role, 
and  the  part  towards  which  the  current  flows,  the  negative  pole.  These  poles,  shown  at  + 1  and  -, 
Fig.  582,  are  often  termed  electrodes,  so  that  +  would  bo  tho  positive  and  —  the  negative  el 

The  arrangement  of  the  couronne  de  tasses,  and  of  batteries  similarly  construct^!,  WM  so  cur 
bersome  that  they  were  soon  superseded  by  the  Trough  battery,  which  is  shown  in  fig.  588.    This 
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Lattery  was  invented  by  Cruickshftnk,  and  consists  of  a  rectangular  water-tight  trough  divided  into 
cells  by  plates  formed  of  zinc  and  copper  soldered  together.  Tho  cells  are  filled  with  acidulated 
\\nti-r  or  a  solution  of  salt  and  water ;  and  two  plates  of  copper,  furnished  with  couducting-wircs, 
are  imiurr.-itl  in  the  last  cell  at  each  end.  It  was  with  a  battery  of  this  kind,  composed  of  3000 

ci>ii|>le.-<.  tlmt  at  tin)  commencement  of  the  present  century  Davy  succeeded  in  d> ipcisiii^  potash 

an.l  soda,  and  tliu.s  discoveroil  potassium  and  sodium.  The  trough  battery  is  rather  inconvenient 
on  account  of  ita  weight,  and  also  through  the  wood  of  the  case  warping  under  the  action  of  the 
acida. 

The  arrangement  introduced  by  Wollaston  is  more  convenient.  An  element  of  Wollaston's 
battery,  Fi  •'..  f>SI,  is  composed  of  a  plate  of  zinc  Z,  round  which  is  bent  a  plate  of  copper  C,  actual 
contact  hciiiLr  prevented  by  placing  small  pieces  of  wood  or  cork  between  the  plates.  When  tho 
clement  is  to  1)0  put  in  operation,  it  is  immersed  in  a  vaso  containing  acidulated  water;  the  negative 
pole  tln'ii  establishes  itself  at  the  wire  connected  with  the  zinc,  and  tho  positive  pole  at  tho  wire 
fastened  to  the  copper.  To  unite  several  elements  into  a  battery,  it  is  necessary  to  connect  tho 
copper  of  each  element  with  tho  zinc  of  tho  following.  The  elements  thus  connected  can  then  be 
mounted  on  a  stand,  Fig.  585,  and,  when  tho  battery  is  to  bo  operated,  plunged  separately  into 
vases  containing  the  exciting  liquid.  Tho  necessity  of  a  vase  for  each  of  the  elements  of  Wol- 
laston's battery  renders  it  cumbersome. 


Muncke's  battery  removes  this  inconvenience,  as  by  its  means  we  can  have  a  considerable 
number  of  elements  in  a  small  space.  The  plates  of  zinc  and  of  copper  are  soldered  together  ver- 
tically, bent  into  the  form  of  the  letter  U,  and  then  fitted  alternately  one  into  the  other,  Fig.  586, 
in  such  a  manner  that  the  alternation  of  the  metals  is  complete.  Together  the  elements  form  a 
single  system,  which  is  fixed  in  a  wooden  frame,  and,  when  required  for  use,  immersed  in  a  stone 
trough  filled  with  acidulated  water. 

Batteries  composed  of  a  number  of  elements,  as  Muncke's  battery,  are  especially  applicable 
when  the  current  encounters  in  its  polar  circuit  any  great  resistance.  When  this  resistance  is  weak, 
it  is  preferable  to  have  the  advantage  of  increasing  the  area  of  the  surface  of  the  elements  rather 
than  their  number.  This  condition  is  realized  by  Dr.  Hare's  cylindrical  battery,  Fig.  587,  which 
consists  of  a  large  sheet  of  zinc  and  one  of  copper,  soldered  together  at  one  end.  The  sheets  are 
rolled,  without  touching  each  other,  round  a  cylinder  of  wood,  and  each  is  attached  to  metallic 
conducting-wires ;  the  negative  wire  is  that  in  connection  with  the  zinc,  and  the  positive  wire  that 
fastened  to  the  copper. 

When  the  apparatus  is  to  be  used,  it  is  plunged  into  a  tub  containing  acidulated  water.  When 
several  of  these  elements  are  united  in  a  battery,  an  apparatus  is  obtained,  of  which  the  caloric 
power  is  so  great  as  to  have  obtained  for  it  the  name  of  a  calorimotor. 

The  batteries  we  have  described  present  practically  several  serious  inconveniences.  The  water 
being  decomposed  by  the  zinc,  liberates  hydrogen,  which,  charged  with  acid  particles,  is  released 
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into  the  air,  rendering  in  a  very  short  time  the  surrounding  atmosphere  irrespirablo.  Besides  this, 
the  liberated  hydrogen  adheres  as  a  film  on  the  surface  of  the  copper,  presenting  a  great  resist- 
ance to  the  current,  and  sensibly  diminishing  its  intensity.  Lastly,  this  film  baa  a  variable  thick- 
ness, from  which  results  a  perpetual  variation  in  the  intensity  of  the  current  itst-lf.  These 
inconveniences,  however,  disappear  in  a  greater  or  less  degree  in  batteries  operated  by  two 
liquids. 

Darnell's  Battery. — An  element  of  Daniell's  battery,  Fig.  588,  consists  of  an  outer  jar  containing 
acidulated  water  in  which  is  immersed  a  cylinder  of  zinc  Z,  in  the  interior  of  which  is  placed  a 
porous  earthenware  pot,  filled  with  a  solution  of  sulphate  of  copper  which  surrounds  a  cylinder  of 
copper  C.  The  conducting-wire  attached  to  the  zinc,  Fig.  588,  corresponds  to  the  negative  pole 
of  the  element. 

It  is  easily  seen  that  in  this  arrangement  the  film  of  hydrogen  which  acts  so  disadvantageou$Iy 
in  ordinary  batteries,  no  longer  exists;  and  the  metal,  following  the  same  direction  as  positive  elec- 
tricity, deposits  itself  upon  the  copper  cylinder.  The  disengagement  of  the  hydrogen  is  replaced 
by  a  decomposition  of  the  copper,  which  does  not  change  the  physical  condition  of  the  system.  The 
action  of  this  battery  is  very  regular,  it  lasts  a  long  time  without  renewal,  and  the  surrounding 
atmosphere  is  not  sensibly  affected  by  its  fumes. 


588. 
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Amongst  the  causes  which  vary  the  intensity  of  the  current  in  this  battery  is  the  change  In  the 


negative  pole  to  the  last  zinc. 


formed,  which 
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Bnnsen's  battery  is  only  a  modification  of  a  battery  previously  invented  by  Grove,  in  which  the 
place  of  the  carbon  was  occupied  by  a  plate  of  platinum ;  but  the  high  price  of  this  metal  caused 
the  use  of  Grove's  battery  to  be  very  limited.  Several  inventors  had  thought  of  replacing  the 
platinum  plate  by  charcoal ;  and  a  few  batteries  of  this  description  were  in  use  at  the  tune 
Bunsen's  arrangement  was  introduced. 

It  should  be  noticed  that  a  great  inconvenience  attends  all  batteries  in  which  nitric  acid  is 
employed,  owing  to  the  diffusion  of  nitrous  vapour  which  vitiates  the  surrounding  air. 

When  a  battery  is  in  action,  the  work  produced  at  the  poles  corresponds  to  the  oxidation  or 
consumption  of  the  zinc,  in  a  similar  manner  to  the  caloric  engine,  where  the  work  performed  is  in 
proportion  to  the  amount  of  coal  consumed.  If  ordinary  zinc  is  used,  in  batteries  furnished  with 
acidulated  water,  the  zinc  is  always  found  attacked,  whether  the  battery  is  in  operation  or  not ;  l>nt 
this  does  not  occur  if  chemically  pure  zinc  is  used.  However,  there  is  no  occasion  to  use  pure  ziuc 
if  amalgamated  zinc,  which  is  easily  made,  is  employed. 

The  amalgamation  of  the  zinc  is  best  effected  by  dipping  it  in  dilute  sulphuric  acid,  and  then 
rubbing  it  over  with  mercury,  or  by  immersing  it  in  a  solution  of  a  salt  of  mercury,  and  afterwards 
rubbing  it  briskly,  when  the  amalgamation  will  be  complete. 

There  have  been  numerous  batteries  contrived,  which  we  do  not  notice,  as  their  description 
would  be  of  no  interest.  We  only  mention  the  Bichromate  of  Potash  battery,  which  is  frequently 
made  use  of  in  the  current  for  the  purpose  of  exciting  various  electrical  machines.  The  element 
consists  of  a  spherical-shaped  bottle,  with  a  broad  neck,  containing  a  solution  of  JLj  bichromate  of 
potash,  added  to  an  equal  quantity  of  sulphuric  acid.  Into  the  liquid  is  plungea  a  double  plate 
of  zinc,  Fig.  591,  in  the  interior  of  which  is  arranged  a  plate  of  charcoal,  which  answers  to  the 
positive  pole.  When  it  is  desired  to  suspend  the  action  of  the  battery,  the  plate  of  zinc  is  raised, 
so  as  to  prevent  its  contact  with  the  liquid. 

The  work  produced  by  chemical  action  is  not  the  only  means  of  obtaining  a  galvano-electric 
current ;  the  same  result  may  be  arrived  at  by  the  action  of  heat.  This  development  of  electricity 
by  heat  was  discovered  by  Seebeck,  of  Berlin,  in  1821,  and  is  called  thermo-electricity. 

To  make  a  thermo  -  electric 
couple,  a  plate  of  copper,  Fig.  592, 
is  bent  round  and  soldered  at  its 
two  ends  to  a  cylinder  of  bismuth ; 
we  have  thus  a  sort  of  rectangular 
figure,  three  sides  of  which  are 
made  by  the  plate  of  copper,  and 
the  fourth  by  the  bismuth  cylinder. 
The  apparatus  must  be  arranged 
in  such  a  manner  that  the  long 
sides  of  the  rectangle  are  nearly 
in  the  magnetic  meridian ;  and  in 
the  interior  of  the  apparatus  is 
placed  a  magnetic  needle.  If  one 
of  the  compound  corners  of  the 
circuit,  where  the  two  metals  are 
joined,  is  heated  with  a  spirit- 
lamp,  Fig.  592,  the  needle  is  de- 
flected; this  denotes  the  production 
of  an  electric  current  which  is  di- 
rected in  the  copper  plate  from  the 
warm  comer  to  the  cold  corner.  If,  instead  of  heating  the  corner,  it  had  been  refrigerated  with 
ice,  it  would  also  have  produced  a  current,  but  in  an  opposite  direction. 

Although  this  experiment  is  especially  sensible  with  bismuth  and  antimony,  it  will  succeed 
with  any  of  the  metals.  It  is  also  not  absolutely  necessary  to  heat  the  point  in  the  circuit  where 
the  two  metals  join,  since  if  an  elevation  of  temperature  takes  place  at  any  point  where  a  perfect 
similarity  of  structure  does  not  exist,  a  current  immediately  manifests  itself.  This  important  fact 
is  demonstrated  by  various  experiments.  Take,  for  example,  a  piece  of  platinum  wire  which  has 
been  twisted  into  a  knot,  and  heat  it  near  the  twist ;  it  will  produce  a  current  of  electricity,  the 
force  of  which  may  be  observed  by  placing  the  extremities  of  the  wires  in  connection  with 
a  galvanometer.  The  current,  it  will  be  seen,  changes  from  one  side  to  the  other  of  the  knot  as 
either  side  is  heated. 

The  same  result  will  occur  if  a  portion  of  the  wire  is  coiled  into  a  spiral,  Fig.  593,  and  treated 
in  the  same  manner. 

In  metals  which  are,  similar  to  bismuth,  not  homogeneous,  it  is  very  common  to  observe 
thermo-electric  currents. 

It  should  be  noticed  that  to  a  difference  in  structure,  and  to  no  other  circumstance,  as,  for 
example,  a  change  of  dimensions,  is  this  phenomenon  attributed.  When  the  molecular  construc- 
tion is  the  same  on  both  sides  of  the  heated  point,  there  will  be  no  current  manifested.  The  two 
following  experiments  made  by  M.  Magnus  are  decisive  on  this  head.  He  reduced  a  copper 
cylinder  in  the  middle  until  it  was  only  the  thickness  of  a  fine  wire ;  on  heating  the  metal  at  the 
place  where  the  sudden  change  in  its  diameter  occurred,  he  did  not  observe  any  current,  although 
there  must  have  been  a  difference  in  the  diffusion  of  the  electricity  from  one  side  to  the  other  of 
this  point. 

For  his  second  experiment,  Magnus  took  two  tubes,  A  B  and  C  D,  Fig.  594,  and  filled  them 
with  mercury :  the  extremities  A  and  D  being  connected  with  the  wires  of  a  galvanometer.  The 
mercury  contained  in  C  was  heated,  and  the  extremity  of  the  tube  B  plunged  into  it.  In  this  case 
also  no  current  was  observed.  Yet  if  a  difference  of  structure  is  necessary  to  produce  a  current, 
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this  difference  may  be  very  insignificant.  So  that  if  the  extremities  of  the  two  platinum  wire* 
were  bent  into  hooks,  and  one  of  them  after  being  heated  laid  upon  the  other  no  effect  would  bo 
produced,  because  the  action  of  heat  upon  the  platinum  could  not  make  it  "udergo  any  niodifica- 


tion.     But  if  the  experiment  is  repeated  with  copper  wires,  a  current  will  occur,  the  action  of  heat 
having  quickly  produced  a  film  of  oxide  which  has  modified  the  constitution  of  the  metal. 

It  follows  from  this  that  the  action  of  heat  has  the  effect  of  exciting  in  various  bodies,  and 
particularly  in  metals,  the  movement  of  fluids  which  characterize  the  electric  current.  If  in  a 
homogeneous  conductor  no  effect  is  observed,  it  is  because  the  two  currents  produced  on  eaoh  side 
of  the  heated  point  are  equal  and  in  contrary  directions ;  but  a  difference  of  structure  modifies  the 
intensity  of  one  of  the  currents,  and  the  galvanometer  shows  the  resultant  produced  from  the  two 
effects. 

When  the  soldered  joint  of  two  different  metals  is  operated  upon,  the  direction  of  the  current 
depends  upon  the  nature  of  the  metals  associated,  and  it  is  impossible  to  give  any  precise  rule 
upon  this  point.  In  the  following  list,  the  result  of  experiments  made  by  Becquerel,  the  current 
traverses  the  heated  joint,  proceeding  in  consecutive  order  through  the  metals: — bismuth, 
platinum,  lead,  tin,  copper,  silver,  zinc,  iron,  antimony. 

The  intensity  of  thermo-electric  currents  also  depends  upon  the  nature  of  the  metals  joined 
together;  and  each  of  these  associations  has  an  electromotive  force  peculiar  to  itself,  which  has 
been  called  thermo-electric  power. 

For  the  purpose  of  comparing  these  thermo- 
electric  powers,  Becquerel  made  use  of  a  chain, 
A,  B,  0,  D,  E,  F,  G,  Fig.  595,  formed  of  several 
metals  soldered  successively  one  upon  the  end  of  the 
other.  The  ends  of  the  chain  being  attached  to  a 
galvanometer,  one  of  the  joints  was  heated  at  a  fixed 
temperature,  40°  for  instance,  whilst  the  other  joints 
were  kept  at  zero. 

The  current  produced  having  in  each  case  to 
traverse  a  circle  of  equal  resistance,  its  intensity  may  be  considered  as  the  proportional  measure  of 
the  thermo-electric  power  of  the  joint,  at  least,  from  the  temperature  from  which  we  operate. 

It  was  in  this  manner  that  Becquerel  obtained  the  following  Table  :— 


Iron — Platinum 
Iron— Tin 
Iron — Copper  .. 
Iron — Silver    . 


36-07 
31-24 
27-96 
26-20 


Copper — Platinum  .. 
Copper — Tin 
Copper — Silver 
Zinc — Copper  .. 


8-55 
8-50 
2-00 
1-00 


In  these  experiments  Becquerel  has  proved  the  following  fact,  which  is  of  real  importance. 

Supposing  a  joint  of  iron  and  copper  to  be  heated,  we  shall  have  a  current  of  a  certain  inten- 
sity ;  if  between  the  iron  and  copper  a  piece  of  metal  is  interposed,  or  a  chain  of  several  metals  of 
which  we  heat  the  two  end  joints,  we  shall  have  exactly  the  same  results.  This  is  a  proof  thnt 
the  current  is  really  due  to  the  difference  in  the  propagation  of  heat  in  the  metals,  and  not,  for 
instance,  to  contact. 

The  intensity  of  the  current  produced  by  a  thermo-electric  couple  depends  on  the  difference 
of  temperature  of  two  combined  joints ;  and,  within  certain  limits  which  are  variable,  as  well  M 
according  to  the  metals  employed,  it  is  sensibly  proportional ;  but  after  a  certain  time  the  increase 
in  the  intensity  of  the  current  abates  very  considerably.  Thus  for  a  couple  of  iron  and  copi>er  it 
is  scarcely  sensible  at  300°;  beyond  this  the  intensity  of  the  current  diminishes,  becomes  null,  and 
ends  by  changing  its  direction.  It  should  be  noticed  that  the  difference  of  temperature  is  not  the 
only  influence  on  this  phenomenon — the  absolute  temperature  must  alao  be  taken  into  account. 
Thus  the  current  has  not  the  same  intensity,  one  of  the  joints  being  zero  and  the  other  20°,  aa  if 
the  temperatures  had  been  at  100°  and  120°. 

By  joining  together  a  number  of  thermo-electric  couples  and  heating  simultaneously  the  equal 
joints,  we  obtain  a  Thermo-electric  battery.  Fig.  596  represents  an  apparatus  of  this  kind  invented 
by  Pouillet.  It  is  composed  of  696. 

cylinders  of  bismuth  bent  at  their 
extremities,  and  connected  one 
with  the  other  by  means  of  plates 
of  copper,  also  bent  and  soldered 
to  the  bismuth.  If  we  plunge 
every  second  joint  into  any  cold 
body — melting  ice,  for  instance — 
whilst  the  remaining  joints  are 
heated  at  a  fixed  temperature,  the  battery  produces  a  current  which  can  be  collected  on  a  conduct- 
ing-wire  as  in  an  ordinary  battery. 

Viewed  as  agents  for  the  production  of  the  electric  current,  thermo-electric  butteries  have  i 
as  yet  given  very  useful  resulte  as  thermo-electric  currents  weaken  rapidly,  in  circuits  where  there 
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in  littlo  resistance,  through  tho  condiiptfnflity  of  tho  mediums  in  which  they  are  generated.  Thus 
r_'o  couples  at  leant  of  irou  ami  platinum  oro  necessary  to  produce  an  appreciable  decomposition 
of  water. 

Edmond  Booqucrcl  has  recently  introduced,  however,  a  thermo-electric  couple  of  exceptional 
power :  it  is  formed  by  connecting  a  plato  of  (iennan  silver  N,  Fig.  5S)7,  and  artificial  sulphate  of 
COPJH.T  31,  tho  positive  polo  corresponding  to  the  sulphate  of  copper. 


697. 


Fig.  598  shows  a  bnttcry  constructed  upon  this  plan.  Tho  temperature  of  the  joints  is  raised 
by  means  of  common  gas ;  and  with  thirty  or  forty  elements  it  is  capable  of  sensibly  decomposing 
water,  of  maintaining  an  electro-magnet  with  a  long  coil,  and  of  working  a  telegraphic  apparatus. 
Until  lately,  thermo-electric  currents  have  only  been  made  use  of  to  measure  temperatures 
under  special  conditions.  The  thermo-electric  tongs  invented  by  Peltier  are,  however,  useful  for 
indicating  the  temperature  of  any  limited  space.  They  consist  of  two  thermo-electric  coup]  is, 
Fig.  599,  of  bismuth  and  of  antimony,  o  6  and  a'  b';  the  bismuth  of  one  element  being  united  1  y 
a  wire  to  the  antimony  of  the  other,  and  the  circle  completed 
by  a  galvanometer.  It  results  from  this  arrangement  that  if 
the  space  comprised  between  the  two  joints  c  and  d  becomes 
at  all  warm,  a  current  from  the  bismuth  to  the  antimony  will 
be  produced  in  the  two  couples.  These  two  currents  act, 
besides,  upon  the  magnet  in  the  same  direction ;  and  as  the 
bulk  of  the  instrument  is  small,  and  its  calorific  capacity 
feeble,  its  sensibility  is  very  great. 

It  is  with  a  species  of  very  fine  thermo-electric  plummet 
that  physicists  are  able,  in  certain  cases,  to  penetrate  without 
injury  those  organs  which  they  wish  to  have  access  to  in 
order  to  study  the  temperature  of  organized  beings,  as  to  the 
variations  experienced  under  particular  circumstances. 

We  conclude  by  mentioning  the  apparatus  employed  by 
Becquerel  to  measure  the  temperature  of  the  air.  It  consists  of  two  thermo-electric  tongs,  one 
being  placed  out  of  doors  and  the  other  in  the  laboratory.  A  galvanometer  placed  in  the  circuit 
indicates  zero  when  the  two  tongs  are  at  the  same  temperature.  It  is  sufficient,  then,  when  the 
needle  is  deflected,  to  heat  or  refrigerate  the  second  tongs  in  such  a  manner  as  to  bring  it  back  to 
zero,  to  tell  the  temperature  of  the  air.  See  BOEING  and  BLASTING.  TELEGRAPHY. 

BATTERY,  EMPLOYED  TO  CRUSH  AURIFEROUS  BOCK.    FR.,  Moulin  a  pilon ;  GER.,  StampfmuJile. 
The  stamping  mill  or  battery  consists  of  a  series  of  heavy  pestles  working  in  a  rectangular 
mortar,  each  of  which  is  alternately  lifted  by  means  of  a  cam,  and  subsequently  let  fall  with  its 
full  weight  upon  the  ore  to  be  operated  on,  and  of  which,  after  being  previously  reduced  to  frag- 
ments of  proper  dimensions,  a  constant  supply  is  introduced  into  the  mortar,  or  battery-box. 

When  quartz-mining  was  first  practised  in  California,  the  lifters  or  stems  of  the  pestles 
employed  were  made  of  wood,  furnished  with  cast-iron  heads,  attached  by  means  of  a  wrought-iron 
shank  driven  into  the  lifter,  and  secured  by  two  strong  rectangular  bands  of  flat  iron.  In  most 
mining  districts  in  which  these  wooden  stems  are  used,  the  lifting  of  the  pestle  is  effected  by  a 
large  wooden  or  cast-iron  drum,  around  the  periphery  of  which  cams  are  arranged  in  a  spiral 
form,  which,  coming  in  contact  with  tongues,  or  tappets,  fixed  in  the  lifters,  they  are  raised  to  a 
certain  height,  and,  being  suddenly  released  by  the  continuous  motion  of  the  axle,  fall  with  their 
whole  weight  on  whatever  may  happen  to  be  beneath  them.  In  California,  however,  another 
arrangement  is  employed  for  imparting  motion  to  the  pestles  or  stampers  of  a  battery  with  wooden 
stems.  Instead  of  a  large  cylindrical  axle,  a  wrought-iron  shaft  is  made  use  of,  and  on  this  are 
keyed  a  series  of  long  curved  cams,  which  enter  mortice  or  slot  holes,  in  the  several  stems,  and 
cause  them  to  be  alternately  lifted  and  released,  precisely  as  in  the  case  of  the  ordinary  stamping- 
mill,  provided  with  tappets  and  a  drum-axle.  When  wooden  stems  are  made  use  of,  they  are 
usually  about  six  inches  square,  and  cut  out  of  ash,  or  some  other  hard  wood,  having  a  straight 
grain.  These  wooden  stems  with  square  heads  have,  however,  been  almost  universally  superseded 
by  the  rotary  stamp,  with  a  round  stem  of  iron,  to  which  a  circular  motion  is  given  by  the  friction  of 
the  cam  in  lifting,  and  which,  being  continued  up  to  the  moment  of  its  release,  is  prolonged  during 
its  descent,  thus  imparting  a  grinding  action  to  the  cylindrical  head  at  the  moment  of  its  coming 
in  contact  with  the  rock  to  be  broken. 
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The  rotary  stamp  is  said  to  bo  more  efficient  than  the  rectangular  one,  and  to  erind  a  lanrer 
quantity  of  rock  in  a  given  time ;  but  however  this  may  bo,  it  is  certain  that  the  faces  of  the  heads 
wear  more  evenly  and  that  a  rotating  battery  requires  less  frequent  repairs,  than  one  made  on  the 
old  principle.  The  battery-box  is  generally  composed  of  one  solid  easting,  and  usually  receives 
either  four  or  five  stampers ;  when  additional  reducing  power  is  required,  other  similar  boxes  are 
placed  on  the  same  line.  In  most  instances  such  batteries  are  arranged  in  seta  of  five  stampers  in 
each  mortar,  two  of  which  are  placed  side  by  side  in  the  samo  framing,  ten  stampers  being  thus 
set  m  motion  by  one  shaft.  Two  five-stamp  batteries,  of  a  construction  frequently  employed 
are  represented,  Fig.  600  being  a  back  elevation,  and  Fig.  601  a  transverse  section  •  the  iron 
rods  A  are  the  stamp  stems,  B  the  shaft, 
and  C  the  cams.  This  shaft  is  provided 
at  one  end  with  a  large  pulley  D,  which  is 
generally  constructed  of  either  kiln-dried 
wood  on  arms,  inserted  in  a  cast-iron  boss, 
and  then  turned  off  in  place,  or  is  built 
solid  of  well-seasoned  planks  on  a  bored 
boss,  and,  as  in  the  other  case,  turned, 
after  being  keyed  to  the  shaft.  When 
several  of  these  batteries  are  arranged  in 
one  house,  the  motive  power  is  communi- 
cated, by  means  of  a  broad  belt,  to  the 
intermediate  shaft  B',  which  is  fitted  with 
pulleys  corresponding  to  those  on  the 
shafts  B,  with  which  they  are  severally 
connected  by  belts.  These  belts,  which 
are  manufactured  out  of  a  combination  of 
canvas  and  india-rubber,  are,  from  the  first 
motion  to  the  intermediate  shaft,  sometimes 
as  much  as  2  ft.  in  width.  The  belts  from 
the  second  motion  to  the  shaft  on  which 
the  cams  are  keyed,  are  made  of  a  thinner 
material,  and  are  from  1  ft.  to  14  in.  wide. 
The  lift  of  the  stampers  varies  from  9  to 
12  in.,  but  10  in.  may  be  considered  as 
about  the  average;  and  their  weight,  in- 
cluding the  iron  stem,  varies  from  550  to 
900  Ibs.  The  order  in  which  the  several 
stampers,  included  in  one  box,  strike  their 
blows,  in  a  five  -  stamp  battery,  is  not 
always  the  same  in  all  establishments,  but 
in  most  instances  the  first  blow  is  struck 
by  the  central  stamp.  This  is  followed  by 
the  outside  one  to  the  right,  then  by  the 
second  to  the  left,  afterwards  by  the  second 
to  the  right,  and  finally  by  the  stamper  on 
the  extreme  left  of  the  series.  The  num- 
ber of  blows  struck  by  each  stamper  is 
from  sixty  to  eighty  per  minute.  The  first 
portion  of  the  stamper  a  is  sometimes  cast 
on  to  the  stem,  but  more  frequently  it  is 
fastened  by  wedges,  and  has  a  round 
aperture,  in  which  is  inserted  the  spill  of  the  shoe  a'  firmly  driven  in  or  fastened  by  dry  woodpn 
wedges,  which  expand  on  coming  in  contact  with  water,  and  hold  it  securely  in  its  place.  The 
battery-box  is  either  of  iron,  cast  in  one  piece,  or  its  bottom  alone  may  be  of  cast  iron,  and  its 
sides  of  wood;  in  which  case  the  lower  portion  of  it,  together  with  the  inside  of  the  feed-hop]*-!-, 
must  be  lined  with  sheet  iron,  £  in.  in  thickness,  fastened  by  |th  bolts.  Immedintrly  under  each 
of  the  stampers  is  placed  a  short  cylinder  of  cast  iron  a",  which  is  retained  in  its  potation,  either 
by  fitting  into  a  circular  bedding,  in  which  it  may  be  keyed  by  wooden  wedges,  or  it  is  provided 
with  a  square  flange,  which,  coming  in  contact  with  those  of  the  other  dies  and  the  sides  of  the 
box,  act  as  distance-pieces,  by  which  it  is  kept  in  its  proper  position.  These,  and  the  shoes  of  the 
stampers,  are,  when  worn  out,  readily  replaced  by  new,  a  considerable  economy  of  time  and  in»n<  y 
being  the  result;  the  parts  worn  out  are  merely  coarse  castings  of  chilled  iron,  without  any  kind 
of  fitting.  The  hole  x  is  for  the  purpose  of  forcing  in  a  drift  above  the  spill  of  the  shoo,  and  thus 
removing  it  when  a  new  one  is  required,  whilst  the  hole  x'  in  employed  in  the  same  way  for 
getting  off  the  boss  from  the  stem.  In  Grass  Valley,  and  some  of  the  other  more  important 
mining  districts,  the  boxes  E  are,  almost  without  exception,  composed  of  single  iron  ca.-linir*;  1-ut 
in  localities  where  amalgamation  is  conducted  in  the  battery  itself,  the  sides  and  ends  nr 
times  of  wood,  the  bed  alone  being  made  of  iron ;  and  when  this  method  of  mtixtriirtion  in  >•• 
two  plates  of  amalgamated  copper,  |th  of  an  inch  in  thickness,  are  often  lx>lted  at  >>  on  either  Md« 
of  the  row  of  stampers.  The  rock  to  be  crushed  is  introduced  by  a  shovel  at  •-,  and  n  plat- 
forated  sheet  iron,  fastened  either  in  a  wooden  frame,  or  retained  in  its  plnn-  U  t«"ii  the  two 
rectangular  iron  bands,  tightened  by  cotters,  is  introduced  before  the  ojx-ning  •/.  Tin-  battery- 
bed,  whether  entirely  of  iron,  or  consisting  only  of  an  iron  bottom,  with  lined  wooden  bid«*. 
is  firmly  bolted  to  a  block  of  wood,  at  least  2  ft.  square,  and  of  which  tin-  dimrnvin.  «  i 
heavy  stampers  are  employed,  are  even  much  greater.  This  either  forms,  as  in  the  drawing, 
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a  portion  of  tho  general  framing  of  tho  arrangement,  or  is  now  more  frequently,  to  prevent  iarrin"- 
made  quite  independent  of  it.  It  is,  however,  essential  that  thi.s  |»rtion  of  tho  structure  should  be 
well  bedded  on  a  solid  foundation,  and,  if  possible,  rest  directly  on  the  bed  rock.  Occasionally 


601. 


Reference. — A,  Stamp  lifters  or  stems,  a,  Stamp-heads,  a',  Stamp-shoes,  a",  Stamp- 
dies.  B,  Cam-shaft.  B't  Second-motion  shaft.  6,  Amalgamated  copper  plates.  (7,  Cams. 
c,  Feed-hopper.  D,  Driving-pulley,  d,  Grating.  -.  E,  Battery  boxes  or  coffers,  e,  /,  Water- 
pipes.  G,  Blanket-board.  gt  Bosses  by  which  stampers  are  lifted.  A,  Props  for  stampers. 
x,  x',  Drift-holes. 

quartz  is  crushed  dry,  but  much  more  frequently  water  is  admitted,  and  for  this  purpose  a  gas- 
pipe  e  affords  the  necessary  supply,  which  enters  the  boxes  through  the  branch  pipes/,  fitted  with 
cocks  for  regulating  the  quantity  introduced.  The  studs  g,  against  which  the  cams  come  in 
contact,  and  by  which  the  stampers  are  raised,  are  fitted  on  the  iron  stems  by  means  of  keys, 
which  admit  of  their  positions  being  readily  shifted,  when  rendered  necessary  by  the  wearing  of 
the  shoes. 

The  props  h  shown  in  one  of  the  batteries,  but  omitted  in  the  other  to  avoid  complication,  are 
used  for  keeping  up  the  stampers,  either  when  the  battery-box  is  being  cleaned,  or  when  a  portion 
of  the  machinery  is  thrown  out  of  action  for  the  purpose  of  repair ;  to  do  this  they  are  successively 
pushed  forward,  so  as  to  catch  beneath  the  several  bosses  <7,  when  lifted  by  the  cams  to  their  full 
height.  When  not  so  employed,  the  props  are  allowed  to  fall  back  out  of  the  way  of  the  stems,  aa 
shown  in  the  sectional  drawing.  The  size  of  the  apertures  in  the  gratings  or  sieves  at  d,  differ  in 
accordance  with  the  fineness  of  the  gold  contained  in  the  rock  treated,  and  is  also,  to  a  certain 
extent,  varied  in  conformity  with  the  particular  views  of  the  superintendent  of  the  mill  on  that 
subject ;  but  it  is  evident  that  with  very  small  apertures  the  amount  of  quartz  crushed,  all  other 
conditions  being  equal,  will  be  less  considerable  than  when  a  coarse  screen  is  employed.  The  size 
of  grating  commonly  made  use  of  in  some  of  the  best  mills  in  the  Grass  Valley  district  is  shown, 
Fig.  602,  which  is  known  as  No.  8. 

In  order  to  combine  strength  with  the  largest  possible  open  surface,  the  apertures  are  some- 
times made  of  an  oblong  form,  and  arranged  as  in  Fig.  603. 

In  some  establishments  these  gratings  are  fixed  perpendicularly,  as  seen  in  Figs.  600,  601 ;  but 
more  generally  they  are  slightly  inclined  outward,  and  this  arrangement  is  evidently  attended 
with  certain  advantages.  When  the  grating  is  placed  perpendicularly,  a  particle  of  quartz  or 
other  pulverized  matter,  splashed  against  the  screen  by  the  fall  of  the  stampers,  can  only  pass 
through  it  in  case  of  being  projected  directly  through  one  of  the  openings ;  and  should  it  strike 
against  a  portion  of  the  solid  plate  between  the  holes,  will  run  down  with  the  water  on  the  inside, 
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and  again  settle  in  the  battery-box.  ,If,  on  the  contrary,  the  grating  be  placed  at  a  conriderabla 
inclination  outward,  a  parttcle  of  pulverized  rock,  which  has  not  been  projected  immediately 
through  the  grate,  may,  on  running  back  with  the  water  over  its  inner  surface,  pass  through  oni 
of  the  apertures  and  escape  into  the  trough  on  the  outside  of  the  battery 


Stamp  Grate,  with  Round  Holes.  Stamp  Grate,  with  Oblong  Holes. 

(Full  Size  of  Apertures.)  (Full  Size  of  Apertures.) 

In  all  machines  of  this  description,  it  is  of  importance  that  each  particle  of  the  rock  operated 
upon  should  escape  from  the  action  of  the  stampers  as  soon  as  it  has  become  sufficiently  reduced 
in  size,  and  with  this  view  the  grate-surface  is  in  the  Californian  mills  extended  as  much  aa 
possible,  being  generally  made  of  nearly  the  full  length  of  the  battery-box.  With  a  view  of  sup- 
porting the  grating,  and  protecting  it  against  injury  from  the  impact  of  the  water  dashed  against 
it  by  the  falling  stampers,  the  sheet-iron  plate  is  externally  strengthened  by  the  application 
against  it  of  some  thin  iron  bars. 

When  the  high  cast-iron  mortar  is  made  use  of,  which  is  now  generally  the  case,  it  haa  the 
form  represented.  Figs.  604  and  605,  which  the  first  is  a  transverse  section,  and  the  second  a  front 
elevation ;  the  dies  are  fitted  on  the  bottom  A,  and  the  quartz  fed  through  the  opening  B,  whilst 
the  screens  are  fastened,  by  nails  or  screws,  to  a  frame  which  is  firmly  secured  in  grooves  provided 
for  its  reception  at  the  ends  of  the  mortar,  and  by  two  lugs  at  the  bottom  of  the  opening  (5. 


Single  Cam. 


Iron  Battery-box. 

In  some  cases,  instead  of  employing  a  double  cam,  aa  seen  in  Fig.  C01,  A  single  one  it  made  TUB 
of.  This  has  generally  the  form  shown,  Fig.  606,  and  possesses  the  advantage  of  allowing  the 
axle  to  be  placed  nearer  the  stamp  stem  than  it  can  with  any  other  cam,  and  also  that  by  ita  uao 
a  greater  number  of  blows  can  be  struck  per  minute  without  danger  of  breakage. 

The  auriferous  material  having  been  reduced  to  the  state  of  a  finely-divided  powder,  it  become* 
necessary  to  provide  means  for  the  concentration  and  separation  of  the  gold,  which  is  more  or  lew 
perfectly  effected  by  an  almost  infinite  number  of  different  contrivances,  varying  slightly  in  their 
details  in  almost  every  establishment  that  may  be  visited.  However  much  the  processes  employed 
may  differ  in  this  respect,  only  two  decidedly  distinct  systems  arc  now  practically  in  use  in  Cili- 
fornia,  namely,  amalgamation  in  the  battery,  and  crushing  without  the  ose  of  mercury,  amalgama- 
tion being  subsequently  effected  by  means  of  appliances  specially  designed  for  that  purpose. 

Amalgamation  in  the  Battery. — When  this  method  is  adopted,  the  batteries  are  often  provided 
with  amalgamated  copper  plates  6,  Fig.  601,  about  5  in.  in  width,  extending  the  whole  length  of 
the  box ;  one  on  the  feed  side  and  the  other  at  the  discharge,  the  latter  bcingprotected  by  the 
sheet-iron  lining  of  the  feed-hopper,  and  each  having  an  inclination  of  from  40°  to  45°  towards 
the  stampers. 

When  these  are  not  employed,  spaces  for  the  accumulation  of  amalgam  are  allowed  between  tho 
dies  and  the  sides  of  the  box,  and  vertical  iron  bars  are  placed  inside  the  gratings,  between  which 


the  hard  amalgam  is  found  to  collect.  The  copper  plates  are  covered  with  mercury,  by 
of  a  rag  dipped  in  dilute  nitric  acid,  with  which  quicksilver  ia  rubbed  over  the  surfaces  to  be 
coated,  in  the  same  way  as  on  those  used  in  ordinary  sluices.  Quicksilver  ia  also  imrinklod  into  the 
boxes,  by  the  feeder,  at  intervals  of  about  an  hour,  and  in  quantities  varying  with  the  richnesjof 
the  rock  operated  on.  One  ounce  of  gold  requires  for  its  collection  about  aa  ounce  of  mercury ; 
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but  when  the  gold  is  in  a  finoly-divided  state,  the  addition  of  another  quarter  of  an  ounce  of  this 
iiiftul  is  thought  advantageous.  The  proper  proportion  is,  however,  readily  ascertained  l>y  closely 
watching  the  discharge.  If  any  particles  of  amalgam  which  may  pass  thr-nigh  In-  hard  and  dry,  a 
little  more  quicksilver  must  be  introduced;  but  if,  on  the  contrary,  they  be  soft  and  pasty,  or 
globules  of  mercury  make  their  appearance,  the  supply  in  the  battery  must  be  diminished. 

When  the  proportion  of  mercury  has  been  properly  adjusted,  the  amalgamation  of  the  gold  ia 
very  completely  effected,  except  in  cases  in  which  the  ores  contain  large  quantities  of  lead  or 
antimony,  and  have  been  previously  burned  for  the  purpose  of  expelling  their  more  volatile 
constituents,  by  which  treatment  the  particles  of  gold  often  become  coated  in  such  a  way  as  to 
interfere  with  their  combination  with  mercury.  When  the  proper  proportion  of  quicksilver  has 
been  regularly  introduced,  and  the  rock  contains  coarse  gold,  from  00  to  80  per  cent,  of  the  gold 
aaved  is  caught  in  the  battery;  but  when,  as  in  the  case  of  some  of  the  ores  of  Nevada,  the  gi>M 
is  in  a  very  finely-divided  state,  and  is  associated  with  ores  of  silver  and  other  sulphides,  tlm 
results  obtained  are  less  satisfactory.  The  alloy  resulting  from  the  treatment  of  such  ores  con- 
tains silver,  and  in  some  cases  affords  from  300  to  400  thousandths  only  of  gold,  often  pro- 
ducing a  spongy  amalgam  of  a  dark  colour,  made  up  of  an  aggregation  of  numerous  finely-divided 
particles.  Kiistel  is  of  opinion  that  this  effect  is  partially  due  to  the  presence  of  manganese,  but 
it  appears  difficult  to  understand  how  this  substance  should  influence,  to  any  important  extent, 
the  combination  of  gold  and  mercury.  This  amalgam  is  exceedingly  light,  and  is,  therefore, 
difficult  to  collect,  either  by  riffles,  copper  plates,  blankets,  or  any  of  the  other  appliances  com- 
monly employed  for  the  purpose. 

When,  therefore,  ores  contain  much  lead  or  antimony,  amalgamation  in  the  battery  is  not  to  be 
recommended,  since  this  spongy  amalgam  is  more  difficult  to  retain  than  the  moat  i"iin'ly-<livided 
gold,  and  a  large  proportion  of  it  floats  off  over  the  blankets,  riffles,  or  copper  plates,  which  may 
be  arranged  for  the  purpose  of  arresting  its  progress.  There  is,  besides,  no  evidence  that  battery 
amalgamation  possesses,  under  any  circumstances,  a  decided  advantage — for  gold  ores  not  associated 
with  sulphide  of  silver — over  stamping  without  the  use  of  mercury,  and  in  some  of  the  most  produc- 
tive gold  districts  it  is  seldom  resorted  to. 

In  order  to  collect  the  particles  of  gold  and  amalgam  escaping  from  the  battery-box,  various 
ingenious  contrivances  are  employed ;  but  as  these  arrangements  differ  but  little  in  their  details, 
whether  mercury  be  employed  in  the  battery,  or  the  amalgamation  entirely  effected  after  the 
escape  of  the  pulverized  material  through  the  screens,  we  will  proceed  to  describe  the  system 
generally  in  use  in  the  northern  quartz  mines,  in  which  the  various  arrangements  are  of  the  most 
improved  description. 

This  article,  with  some  slight  alterations  being  made,  is  taken  from  J.  A.  Phillips'  excellent 
work,  '  The  Mining  and  Metallurgy  of  Gold  and  Silver.' 

BATTERY,  SHIP'S.  FB.,  Batterie  flottante  ;  GEB.,  Schwimmende  Batterie ;  ITAL.,  Battcria  galleg- 
giante;  SPAN.,  Bateria. 

Any  place  where  cannon  or  mortars  are  mounted,  for  attacking  an  enemy  or  for  battering  a 
fortification,  is  termed  a  battery.  This  term  also  signifies  a  body  of  cannon  for  use,  taken  col- 
lectively ;  as,  to  discharge  the  whole  battery  at  once ;  a  ship's  battery. 

Cannon  were  introduced  on  board  ships  soon  after  these  weapons  came  into  general  use,  and 
they  were  at  first  applied  on  the  non-recoil  system  in  wooden  immovable  carriages ;  but  as  the 
size  increased,  it  was  found  indispensable  to  allow  of,  but  to  absorb,  the  recoil,  and  to  provide 
means  of  training  or  pointing  the  gun  irrespective  of  the  movements  of  the  ship.  Thus  the 
trunnions  of  the  gun  for  elevation  and  depression  when  the  level  was  changed  by  the  "  heel "  or 
inclination  of  the  ship,  the  "  trucks  "  or  wheels  on  which  the  carriage  and  gun  moved  backwards 
when  fired  or  were  run  "  up"  or  "out "  when  loaded  after  firing,  became  necessary  fittings.  Then 
there  was  added,  still  further  to  meet  more  onerous  conditions,  "  breechin  "  ropes  to  limit  the  recoil, 
and  tackles  to  run  the  gun  out.  The  battery  was  that  part  of  the  ship  where  the  heaviest  artillery 
was  carried ;  smaller  pieces  were  distributed  about  the  poop  and  forecastle ;  and  the  ship  was 
divided  into  two  strong  sections,  called  close  quarters,  forward  and  aft,  where,  in  the  event  of 
boarding  being  successful,  the  crew  could  retire  and  fight,  as  in  a  castle  or  tower,  although  the 
enemy  occupied  fully  the  midship  deck. 

Modern  science  has  recognized  two  broad  divisions  of  the  battery — broadside  and  turreted 
guns.  In  the  turret  system  a  few  guns  of  great  power  are  carried  in  the  centre  line  of  the  ship, 
and  are  so  fitted  as  to  command  a  fire  all  round,  where  there  are,  as  in  a  raft,  no  impediments  from 
masts,  ropes,  or  sails",  and  not  much  lateral  motion,  as  pitching  or  rolling. 

Cowper  Coles,  in  Europe,  and  J.  Ericsson,  in  America,  are  the  chief  exponents  of  this  system. 
There  is  a  subdivision  of  turrets  into  fixed  and  revolving.  The  fixed  turret  approaches  nearly  to 
the  box-battery ;  the  revolving  turret  approaches  most  to  the  single  pivot-gun.  Examples  of  each 
are  given.  See  OBDNANCE.  With  a  given  tonnage,  more  guns  of  equal  power  can  be  carried  on  the 
broadside  than  on  the  turret  system,  since  that  necessitates  two  separate  armours — the  one  for  the 
gun,  the  other  for  the  ship ;  and  it  is  not  a  sufficient  answer  that  less  of  the  ship's  side  has  to  be 
armoured,  and  therefore  less  weight  need  be  carried ;  since,  if  the  same  number  of  guns  only  are 
insisted  on,  no  more  armour  is  necessary  in  the  one  case  than  the  other.  In  the  latest  development 
of  the  two  principles,  from  twelve  to  sixteen  guns  of  equal  weight  and  power  can  be  carried  in  the 
broadside-ship,  as  against  four  to  six  in  the  turret,  on  the  same  tonnage  and  at  the  same  expense. 
Added  to  this,  there  is  the  fact  that  no  turret-ship  has  yet  been  devised  that  was  equal  as  a 
habitation  for  seamen,  and  therefore,  in  seaworthy  qualities,  to  the  broadside-ships.  For  coast 
and  river  defence  the  turret  ships  or  rafts  are  eminently  useful ;  for  keeping  the  sea  in  all  weathers 
they  are  utterly  inefficient. 

The  forms  of  carriage  for  the  batteries  of  ships  have  undergone  a  considerable  change  within  a 
few  years,  mainly  consequent  on  the  introduction  of  much  heavier  pieces  of  ordnance  up  to  20  tons, 
where  previously  5-ton  guns  were  the  exception,  and  the  fact  that  armour  outside,  the  ship  renders 
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eate  mechanism  without  tho  fear  of  having  it  too 

-Simple i  as  the  invention  of  a  sulteble  IJun-carriage  for  heavy  naval  ordnance  may  appear  vet 
in  attempting  this  apparently  easy  task,  before  R.  A  Scott  succeeded  in  a^omplishi.iJVnlnv 
ingenious  inventors  failed  Captain  Scott  found  that  it  was  of  much  iiuportauco  to  fe»  heavy 
guns  as  closedown  to  the  deck  as  possible,  to  give  more  effect  to  his  compreUrs,  and  not,  M  Scott 
and  others  suppose,  that  the  shoe*  is  greatly  diminished  by  the  dock  by  Laving  the  gun  *>  placed! 
The  principles  upon  which  the  compressors  are  constructed,  and  those  by  which  they  are  onl-ratc-d 
were  first  brought  into  practical  operation  by  J.  Ericsson  (see  GUX'-CARRIACK).  However  at 
present  it  is  only  necessary  for  us  to  show  the  value  of  Scott's  gun-carriage  in  tho  formation  of  a 
ship  s  battery. 

Fig.  607  'is  an  elevation,  and  Fig.  608  is  a  deck-plan,  of  one  of  those  carriages,  constructed  for 
one  of  the  10-m.  broadside-guns  of  H.M.S.  'Hercules.'  The  carriage  first  proposed  by  Scott 
which  we  gave  in  our  specimen  Part,  differs  in  arrangement,  but  not  iu  principle,  from  tho  cammto 
shown  in  Figs.  607,  608. 
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The  sides  S,  S,  Fig.  608,  of  the  elides  are  of  -section  iron,  a,  portion  of  which  is  hollow,  and 
sometimes  filled  in  with  wood,  which  projects  slightly  beyond  the  top  and  bottom  flanges.  On  tb« 
outside  of  the  slide  on  each  side  there  are  supported  by  pins  a  pair  of  iron  bare  B,  B,  Figs.  607, 
608 ;  these  bars  are  placed  at  a  short  distance  apart,  and  grasped  by  the  compressors  at  the  samo 
time  as  the  sides  of  the  slides  are  grasped :  the  parts  secured  by  the  compressors  e<». 
are  shown  in  section,  Fig.  609. 

Although  Scott  has  succeeded  in  effecting  the  object  he  had  in  view,  yet  it  does 
not  appear  that  he  is  aware  that  he,  or  rather  Ericsson,  has  introduced  a  mechanical 
principle  entirely  new,  upon  which  shocks  and  concussions  may  be  given  without 
returning  any  great  amount  of  rebound.  Each  part  of  his  invention  shows  much 
practical  skill  and  ingenuity;  yet  the  whole  would  fail  but  for  the  symmetrical  and 
uniform  grips  taken  by  his  compressors.  In  fact,  he  can  secure  composite  beams  of 
wood  or  iron  so  that  their  vibrations  become  as  regular  as  the  strings  of  a  violin  : 
the  concussions  of  the  vibrating  waves  of  the  compound  beams  B  S  B  destroy  a  force  which 
cases  produce  rebounds.  The  friction  of  which  Scott  speaks  has  not  the  eftVt  which  he  attribute* 
to  it.  If  the  beams  B  S  B  were  made  of  iron,  they  would  not  answer  the  purpose  as  well  M  wood : 
the  wood  receives  nil  the  force,  and  passes  it  forward.  Wood  does  not  offer  a  greater  mrixtance 
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thnn  iron,  but  tho  wood  passes  the  force  applied  over  the  parts  equally ;  whereas  the  iron  passes 
the  force  with  a  rebound  or  shock.  The  one  receives  it,  and,  to  use  an  ordinary  phrase,  swallows 
it,  and  passes  it  more  leisurely  to  other  parts ;  iron  would  receive  the  force,  and  return  it  suddenly, 
which  might  cause  mischief. 

It  should  not  be  forgotten  that  a  vessel  of  30  tons  can  easily  carry,  and  may  with  impunity 
make  use  of,  a  gun  of  5  tons  weight,  since  the  vessel  in  such  a  case  becomes  tin-  irmi-riirriago 
floating  in  water,  and  capable  of  absorbing  the  recoil,  as  a  larger  vessel  will  not  do.  The  4  Staunch ' 
is  an  example  of  this  class  of  gunboat,  and  in  her  the  gun,  when  not  in  use,  is  lowered,  so  as  not 
unnecessarily  to  keep  the  centre  of  gravity  high  when  not  fighting.  Any  modification  of  tho 
Moncrieff  principle  applied  to  gunboats  or  even  vessels  of  larger  size,  would  supersede  turrets  l>y 
the  adoption  of  this  alternate  raising  and  lowering  of  the  gun  itself,  since  no  armour  is  needed  for 
the  protection  of  the  gun  during  its  short  exposure  in  pointing  and  firing.  The  broadside  battery 
has  in  no  great  degree  changed  since  the  system  was  first  introduced,  unless  by  the  providing 
more  and  more  efficient  bow  and  stern  fire,  or,  as  it  is  called,  all-round  fire,  by  splaying  the  ports, 
by  retiring  them  or  placing  them  in  indents  (this  system  having  the  same  objection  as  deep 
embrasures,  in  that  the  enemy's  shot  are  guided  into  the  ship),  or  again,  and  most  successfully,  by 
better  means  of  training  on  axes  or  turn-tables,  and  by  muzzle-pivoting.  In  great  naval  battles, 
the  broadside  has  always  a  marked  advantage,  since  no  such  action  has  been  fought  without  a- 
necessity  for  engaging  on  both  sides ;  and  here  number  of  guns  must  tell,  and  the  turret  system, 
which  admits  of  but  few  guns,  must  necessarily  be  at  fault. 

A  battery  is  said  to  be  concentrated  when  a  certain  number  of  the  guns  are  so  trained  and  laid, 
as  that,  on  being  simultaneously  fired,  their  shot  will  strike  at  nearly  tho  same  moment  in  nearly 
tho  same  spot  at  a  previously  determined  range. 

This  is  done  by  measuring  the  distances  between  the  centres  of  each  port ;  and,  after  deciding 
the  desired  range  to  be,  say  200  yards,  calculating  each  angle  of  training,  and  inserting  a  mark  on 
the  deck.  Now,  at  this  range  there  will  be  no  elevation.  Each  gun  is  trained  by  the  nail  on  tho 
deck  ;  and  a  good  marksman  being  posted  at  the  gun,  on  which  the  whole  battery  or  a  part  of  it 
is  concentrated,  all  the  guns  are  fired  at  his  word  of  command,  and  their  shot  must  inevitably  strike 
wherever  his  does.  As  the  range  is  a  fixed  quantity,  and  forms  one  side  of  the  triangle ;  as  the 
angle  of  training  of  the  gun  chosen  to  concentrate  on  is  either  90°  with  the  line  of  keel  for  the  mid- 
ship gun,  or  about  45°  for  a  bow  or  stern  gun ;  all  the  other  intermediate  angles  are  easily  calculated 
from  these  by  the  diminution  of  base  due  to  the  distances  between  the  centres  of  gun-ports.  800, 
600,  and  200  yards  are  the  usual  distances  for  concentration 
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Guns  concentrated  on  A,  the  after-gun;  B,  the  midship;  and  C,  the  foremost  gun. 

The  general  arrangement  and  details  adopted  by  Capt.  Coles,  R.N.,  in  the  construction  of  the 
cupola  or  turret  batteries  on  board  the  '  Royal  Sovereign '  are  shown  in  Figs.  611,  612. 

The  '  Royal  Sovereign'  carries  four  turrets,  mounting  in  all  five  300-lb.  Armstrong  guns,  two 
in  the  forward  and  one  in  each  of  the  after  turrets.  We  take  the  forward  or  twin-gun  turret,  which 
is  22  ft.  9  in.  in  diameter,  and  18  ft.  9  in.  outside,  Fig.  611.  First,  we  have  a  massive  framework 
of  wood  constructed  on  the  main  deck,  and  supported  by  the  deck-beams  and  wrought-iron 
columns.  The  centre  is  formed  of  two  large  rectangular  blocks  of  English  oak,  making  a  square 
of  6  ft.  3  in.  x  2  ft.  6  in.  deep,  with  a  round  hole  in  the  centre  26  in.  in  diameter.  Immediately 
under  this  is  placed  two  balks  of  English  oak,  18  in.  x  15  in.  x  30  ft.  in  length,  running  fore  and 
aft,  and  bolted  down  to  the  deck-beams ;  on  this,  segments  of  English  oak  are  placed,  cut  to  an 
inner  radius  of  9  ft.,  and  forming  a  ring  of  9  ft.  6  in.  outside  diameter,  which  is  firmly  bolted  to 
the  fore-and-aft  beams  just  mentioned ;  round  the  outside  of  this  ring  three  bands  of  American 
oak  are  bent,  each  12  in.  deep  x  3  in.  in  thickness,  and  bolted  to  the  segment  forming  the  inner 
ring  by  1-in.  bolts.  Six  arms  or  spokes  radiating  from  the  centre,  each  18  in.  x  12  in.,  like  the 
centre  and  inner  ring,  are  made  of  English  oak ;  on  this  substantial  and  massive  framework  is 
bolted  a  turned  cast-iron  roller-path.  In  the  centre  is  a  hollow  tube  of  wrought  iron,  2  ft.  2  in. 
outside  diameter,  3  in.  in  thickness,  and  7  ft.  3  in.  in  length,  forming  the  pivot  on  which  the  turret 
revolves,  and  acts  as  a  safe  communication  with  the  magazine  below.  A  large  casting,  which 
forms  the  centre,  round  which  a  live  wrought-iron  ring,  lined  with  brass,  revolves,  is  placed  round 
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this  pivot,  and  sits  upon  the  wooden  framework  bolted  tlirough  to  a  eomewliat  similar  casting 
below,  which  is  supported  by  a  forked  wrought-iron  column  resting  on  the  keelson.  We  are  now 
come  to  the  turn-table  or  platform  on  which  the  turret  is  built.  It  is  a  large  dine  of  woodwork, 
24  ft.  8  in.  in  diameter,  and  12  in.  in  thickness,  built  of  oak  slabs,  14  in.  x  6  in.,  bolted  together 
the  top  layer  being  placed  at  right  angles  to  the  bottom  one.  Near  the  outside  the  thickness  u 
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increased  4  in.  by  a  circle  of  oak,  3  ft.  9  in.  in  width  x  6  in.  in  thickness,  let  into  the  other  portion  2  in. 
On  the  under-side  of  this  platform  is  fixed  the  cast-iron  upper  rolling-path,  fastened  by  1-in.  bolt*, 
which  pass  through  the  frame  to  rings  of  wrought  iron,  9  in.  x  f  in.,  let  into  the  top,  to  which  they  are 
secured  by  nuts.  In  the  centre  of  this  table  is  fixed  a  large  kind  of  angle-iron  ring  of  cast  iron,  with 
the  flange  on  the  bottom  side,  and  bolted  through 
in  the  same  manner  as  the  path.  This  casting  is 
bored  out,  and  a  brass  brush  let  in,  f  in.  in  thick- 
ness x  15  in.  in  depth,  which  forms  the  moving 
rubber  surface  round  the  axes.  Between  this 
casting  and  the  lower  one  are  arranged  twelve 
brass  conical  rollers,  5J  in.  in  diameter  at  their 
largest  part,  and  5J  in.  wide,  supporting  the 
centre  weight  of  the  turret.  These  rollers  are 
placed  in  a  live  ring  of  brass;  the  pins  round 
which  they  revolve  are  1J  in.  in  diameter,  and 
screwed  into  the  inner  part  of  the  brass  ring  with 
a  jamb-nut  screwed  up  to  prevent  the  pin  turning. 
A  |-in.  washer  is  then  put  on,  and  segments  of 
wrought  iron,  4  in.  x  f  in.,  are  fastened  over  the 
whole  thing  by  1-in.  square-headed  wood  screws ; 
the  outside  nuts  of  the  roller-pins  are  tightened 
against  these  segments.  The  centre  line  through 
the  inner  rollers  is  5  in.  above  the  centre  line 
through  the  outer  ones,  which  are  thirty-six  in 
number,  made  of  cast  iron  and  turned  conical, 
the  largest  diameter  being  18  in.  x  9  in.  wide  ; 
they  are  cast  H  sections,  the  boss  is  bored,  and  a 
brass  brush  fitted.  The  framework  in  which 
these  wheels  revolve  is  made  of  an  inner  and 
outer  ring  of  wrought  iron,  each  6  in.  x  f  in.  The 
inside  diameter  of  the  inner  ring  is  li>  ft.  2  in.,  -^••^^^ 

and  the  outside  diameter  of  the  outer  ring  is 

21  ft.  3J  in.    Like  the  outside  ring  of  the  centre  rolling-frame,  these  rings  are  made 
Begments  with  joint-plates  on  the  inside,  each  fastened  by  four  J-in.  bolta,  the  two  ot 
toeing  long  enough  to  pass  through  both  rings,  with  a  nut  at  either  end ;  round  those  Mff  I 
a  piece  of  1J  in.  gun-barrel  tube,  which  acts  aa  a  stay  or  distance-piece,  to  which 
screwed  home.    There  are  thirty-six  segments  to  each  ring.    The  radiua-roda  are  2  in.  in  di       wr, 
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increased  to  2J  in.  at  tho  ends.  Tho  inner  end  is  screwed  into  the  live  ring  before  described  with 
a  jamb-nut  on  the  outside ;  the  opposite  end  passes  through  tho  roller  and  largo  rings,  with  two 
jaiub-nuta  on  tho  iiiMilr,  and  ono  nut,  with  a  pin  through  it,  on  tho  out.-i.le. 

On  this  turn-table  is  built  the  turret,  a  little  eccentric  to  the  platform,  that  is  to  say,  tho 
centre  of  tho  turret  is  9  in.  from  the  centre  of  the  platform,  and  is  formed  of  thirty  upright  frames, 
iiuido  of  T-irons,  angle-irons,  and  plates.  The  | -irons  which  form  the  inside  circle  are  G  in.  x 
10  in.  x  4  in.  Tho  plates  on  the  outside  are  10  in.  x  Jin.,  with  an  angle-iron  riveted  on  cither 
hide.  Uin.  x  Sin.  x  j  in.  The T-irons extend  from  tho  platform  to  tho  top  of  the  turret,  u  height 
of  9  ft.  C  in.,  whereas  the  J-in.  plates  and  angle-irons  only  extend  3  ft.  7  in.  in  height,  and  are  then 
brought  round  to  form  the  support  for  the  woodwork  and  armour-plating.  Between  the  verticil 
T-irons,  anil  beginning  at  3  ft.  7  in.  from  the  platform,  are  nicely-fitted  balks  of  teak,  18  in.  x 
10  in.  x  G  ft.  in  height ;  round  this,  and  let  in  flush  with  the  outside  of  the  teak,  are  systems  of 
diagonal  bracing  or  trellis-work,  with  one  hoop  top  and  bottom,  6  in.  x  f  in.,  which  is  also  tho 
scantling  of  the  diagonal  bars.  Over  this  is  built  another  ring  of  teak  balks,  18  in.  x  J  0  in.  x  G  ft.,  and 
on  the  outside  of  thi.s  isthoarmour-pliiting,  consisting  of  twenty  plates,  5ft. 4  in.  x  3ft. Gin.  x  5}  in. 
in  thickness,  secured  to  tho  framework  of  wood  and  iron  by  four  2-in.  countersunk  galvanized  bolts 
to  each  plate,  passing  through  fr  the  inner  lining,  consisting  of  j-m.  plate-irons.  In  addition  to  this 
lining  there  are  two  wrought-iron  rings  in  the  inside,  through  which  the  bolts  pass,  and  to  which 
they  are  secured  by  an  ordinary  nut.  The  upper  hoop  is  14  in.  deep  x  2  in.  in  thickness,  and  tho 
lower  one  6  in.  wide  x  f  in.  in  thickness.  There  is  a  double  thickness  of  armour-plating,  12  ft. 
long,  on  the  port-hole  side  of  the  turret,  the  inner  plate  being  4J  in.  in  thickness,  making  a  total 
thickness  of  10  in.  solid  plating.  The  roof  is  formed  of  wrought-iron  rolled  beams,  something  like 
a  double-headed  rail,  except  that  the  top  flange  is  an  inch  wider  than  the  bottom  one,  the  top 
being  3j  in.,  and  the  bottom  2f  in.  These  beams  are  4f  in.  deep,  weighing  15  Ibs.  to  the  foot-run, 
or  45  Ibs.  to  the  yard.  They  are  placed  2  in.  apart,  and  pass  through  the  woodwork  resting  on  tho 
armour-plates  ;  these  are  covered  with  1-in.  wrought-iron  plates,  bolted  to  them.  There  are  also 
Mile-laps  about  every  3  ft.,  which  are  bolted  to  the  armour-plates.  There  is  an  opening  above  each 
gun,  20  in.  in  diameter  and  9  in.  deep,  packed  round  with  wood,  covered  with  plating ;  these  are 
merely  light-holes.  There  are  also  two  slits  over  each  gun,  4  ft.  long  by  about  8  in.  wide,  for  the 
"captain"  of  the  gnn  to  take  his  aim  through.  There  are  two  cowl-pipes  for  ventilating  each 
turret.  The  short  standards  with  hand-rails  are  used  for  stowing  the  hammocks  in,  while  the 
long  ones  merely  serve  as  a  hand-rail  for  the  look-out.  The  port-holes  are  20  in.  x  3  ft.,  half  round 
top  and  bottom,  and  lined  in  the  inside  with  iron,  f  in.  in  thickness. 

We  now  come  to  the  turning-gear,  which  consist  of  four  winch-handles  and  gearing,  working 
two  vertical  shafts,  one  on  each  side  of  the  cupola,  2J  in.  in  diameter.  Two  of  these  handles  work 
inside  the  turret,  the  other  two  on  the  outside.  As  they  are  all  four  alike,  we  need  describe  only  one, 
which  consists  of  a  common  winch-handle,  Fig.  612, 15  in.  radius,  attached  to  a  spur-pinion,  10  in.  in 
diameter,  1J  in.  pitch  of  teeth,  3f  in.  breadth  of  same,  twenty-one  in  number.  This  pinion  works 
into  a  spur-wheel,  30 '4  in.  in  diameter,  1J  in.  pitch  of  teeth,  3f  in.  breadth  of  same,  sixty-three  in 
number.  To  this  is  attached  a  bevil-pinion,  6  in.  x  If  in.  x  4  in.  x  11  teeth,  working  into  a  bevil- 
wheel,  18  in.  x  If  in.  x  4  in.  x  33  teeth.  This  wheel  gives  motion  to  the  upright  shaft,  to  the  end 
of  which  is  fixed  a  spur-pinion,  10  in.  x  2J  in.  x  6  in.  x  14  teeth,  working  into  the  large  wheel 
bolted  to  the  framework,  the  size  of  which  is  22  ft.  x  2J  in.  x  6  in.  x  371  teeth. 

The  mechanical  advantages  gained  by  the  gearing  up  to  the  periphery  of  the  pinion  which 
works  into  the  rack  =  27  to  1. 

If  we  suppose  the  whole  weight  of  the  cupola  and  guns,  140  tons,  to  be  concentrated  on  a  circle 

30  x  30-4  x  18  x  2G4       .A  ,  . 

of  15  ft.  in  diameter,  we  have :  -—- — - — — — .„..     =  40  •  1  to  1. 

10  x  6  x  10  x  180 

Eight  men  are  the  full  complement  for  working  the  gearing,  four  inside  and  four  outside  tho 
turret,  the  speed  =  1  revolution  a  minute.  Four  men  can  work  it,  but,  of  course,  they  take  double 
the  time. 

In  addition  to  the  four  winches  just  described,  there  is  what  is  termed  the  deck  turning-gear,  con- 
sisting of  two  winch-handles,  each  15  in.  radius,  working  a  bevil-pinion  11  •  1  in.  x  If  in.  x  5  in.  x 
20  teeth,  working  into  a  bevil-wheel,  32 -25  in.  x  If  in.  x  5  in.  x  58  teeth.  At  the  other  end  of  the 
shaft  to  which  this  wheel  is  attached  is  a  face-pinion,  10  in.  x  2J  x  6  in.  x  14  teeth,  working  into 
rack  on  turret,  24  ft.  6  in.  x  2 \  in.  x  6  in.  x  412  teeth,  the  mechanical  advantage  gained  by  this 
gearing  from  the  winch-handle  up  to  the  periphery  of  the  pinion  which  works  into  the  rack  =  8  •  7  to  1 . 
But  assuming,  as  before,  that  the  weight  is  concentrated  in  a  circle  15  ft.  diameter,  we  have — 

30  x  32-25  x  294 

=  14  i  to  1. 

11-1  x  10  x  180 

There  are  three  small  crab-winches  attached  to  the  revolving  platform,  two  of  which  are  used  for 
working  the  guns,  and  one  for  lifting  the  shot. 

There  is  a  clear  space  of  3  in.  all  round  the  turret  and  the  well  or  hole  in  the  deck,  and  this 
space  is  covered  by  a  leather  flap  or  ring  attached  to  the  turret,  and  bearing  on  a  brass  ring  fixed 
upon  the  deck ;  this  leather  flap  is  weighted  with  a  strip  of  iron  round  the  outside,  in  order  that  it 
may  fit  close  to  the  deck. 

The  edge  of  the  hole  in  the  deck,  within  which  the  turret  is  placed,  is  strengthened  by  a 
wrought-iron  well-ring,  weighing  about  1£  ton,  and  formed  of  1-in.  plate  of  wrought-iron,  2  ft.  deep, 
with  angle-irons  on  the  outside,  top  and  bottom.  From  this  ring  radiate  iron  beams,  some  leading 
transversely  to  the  sides  of  the  vessel,  and  the  others  to  the  deck-beams,  to  which  they  are  firmly 
attached.  On  these  beams  are  laid  the  1-in.  plates  forming  the  deck,  and  upon  these  is  placed 
around  the  turret  a  "  glacis-plate,"  consisting  of  a  ring  30  in.  wide,  and  tapering  in  thickness  from 
3  in.  at  the  inner  to  nothing  at  its  outer  edge. 

Over  the  glacis-plate  comes  the  deck,  tapering  in  the  opposite  direction  from  G  in.  to  nothing, 
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and  upon  this  is  laid  round  the  turret  a  ring  of  |-in.  stamped  wronght-iron  plates,  2  ft  C  in.  wide. 
which  serves  to  protect  the  deck  from  being  scorched  by  the  dischar-e  of  the  gun 

The  deck  of  the  vessel  rises  at  an  angle  of  5°  from  the  sides  towards  the  centre,  and  ia  formed 
of  1-m.  wrought-iron  plates,  covered  down  the  centre  for  a  width  of  2(5  ft.  with  8-in.  teak  plankiii-  • 
the  remainder  of  the  surface  is  covered  with  G-in.  planking.  The  deck  is  carried  by  wr<!u.'ht-in"n 
rolled  beams  placed  12  rn.  apart  between  the  main  wooden  deck-beams,  and  the  1-in  platin-  w  laid 
on  in  strips  about  12  ft.  long  by  2  ft.  6  in.  wide,  joined  together  by  $-in.  rivets,  and  covering  strips 
4  in.  x  1  in.  The  1-m.  plating  is  doubled  round  the  openings  for  the  turrets,  hatchways,  and 
funnel ;  and  a  double  thickness  is  also  carried,  fore  and  aft,  between  the  turrets  and  the  sides  of 
the  ship.  The  armour-plates  are  bedded  upon  crossed  diagonal  planking,  which  was  added  to  the 
original  sides  of  the  vessel  on  her  conversion  from  a  three-decker,  makin"  the  total  thickness  of  tho 
timber-backing  3  ft.,  as  shown  in  Fig.  611. 

It  may  be  necessary  to  add  that  the  turrets  are  now  made  concentric  in  place  of  eccentric  to 
the  platform ;  that,  in  lieu  of  the  small  winches  before  mentioned,  they  put  a  much  larger  one, 
with  an  endless  chain,  to  work  the  guns.  See  a  paper  by  J.  Baily,  published  in  the  '  Artizan,'  18G8 

The  ship  turret-battery  of  Ericsson  is  shown  in  Fig.  «13 ;  the  pilot-house  is  stationary  and* 
above  the  rotating  turret ;  this  arrangement  enables  the  commander  to  direct  the  hdiiibiuan,  who 
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is  near  him,  and  the  gunner  below,  while  he,  the  commander,  is  observing  the  enemy.  Tho  turret 
A  is  24  ft.  inside  diameter,  9  ft.  6  in.  high,  and  15  in.  thicklcomposed  of  two  separate  cylinders 
formed  of  plates  1  in.  thick,  lapped  and  riveted  together.  The  outer  cylinder,  composed  of  six 
plates,  was  built  on  a  staging  above  the  inner  one  of  four  plates,  and  after  completion  was  slipped 
over  it.  The  annular  space  of  5J  in.  between  the  cylinders  is  filled  with  Bopmcntnl  slabs,  5  in. 
thick,  made  of  the  best  malleable  iron.  These  slabs  were  made  only  11 J  in.  wide,  in  order  to  save 
time.  B  is  an  extension  attached  to  the  top  of  tho  turret,  composed  of  plate  J  in.  thick,  bent  out- 
ward in  the  form  of  a  trumpet,  in  order  to  throw  off  the  sea  in  bad  weather :  C  is  a  wooden  prating 
extending  round  the  turret  extension,  supported  by  and  bolted  to  brackets  D,  at  intervals  of  3  ft. ; 
E,  stanchions  for  supporting  a  rope-rail  carried  round  the  wooden  grating;  F,  stanchions  f«r  HM- 
taining  an  awning  in  fine  weather;  G,  the  pilot-house,  8  ft.  inside  diameter,  7  ft.  high,  and  I'-'  in. 
thick,  formed  of  two  separate  cylinders,  each  composed  of  six  plates  1  in.  thick,  lapped  and  riveted. 
After  completion,  the  larger  cylinder  was  forced  over  tho  smaller  one.  Tho  roof  u  composed  ol 
three  plates,  1  in.  thick,  covered  with  8  in.  thickness  of  wood,  and  an  outer  plating  1  in.  thick.  The 
roof  is  inserted  below  the  top  of  the  cylinders,  and  is  thus  protected  from  shot ;  Mh  rylindonan 
pierced  with  eight  elongated  sight-holes.  The  weight  of  the  pilot-house  is  supported  by  a  broad 
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wrought-iron  eross-piooe  IT,  secured  to  tho  circumference  of  the  house  by  angle-irons,  this  cross- 
piece  resting  on  a  collar  near  the  upper  end  of  the  stationary  vertical  pillar  I,  round  which  tho 
turret  turns.  The  floor  of  the  pilot-house  consists  of  wooden  gratings  provided  with  grated 
hatches  moving  on  hinges.  J  is  the  upper  turret-beam  of  wrought  iron,  1 1  in.  deep,  8  in.  thick  in 
the  middle,  sustaining  rafters  which  support  a  series  of  bars  K,  4  in.  deep,  3  in.  thick,  placed  2J  in. 
apart,  on  the  top  of  which  are  placed  perforated  plates  1  in.  thick  covering  the  entire  turret.  L,  L, 
are  the  gun-slides,  four  in  number,  10  in.  deep  by  4  in.  thick,  of  wrought  iron,  the  ends  of  which 
rest  on  plate-rings  secured  to  the  turret,  their  middle  resting  on  the  lower  turret-bourn  M.  N  is  a 
cross-piece  of  wrought  iron,  suspended  under  and  let  into  the  central  pair  of  gun-slides,  and  into 
which  are  tapped  the  diagonal  braces  O.  By  means  of  these  braces  O,  the  entire  \w-Lrht  of  the 
turret  may  be  suspended  on  the  collar  n'  of  the  turret-shaft.  P  is  a  spur-wheel  bolted  to  the 
under-side  of  the  gun-slides  and  lower  turret-beam,  and  worked  by  a  pinion  Q  on  the  vertical  shaft 
Q',  at  the  lower  end  of  which  is  the  spur-wheel  Q",  driven  by  a  pinion  on  the  axle  R,  and  on  which 
is  fixed  the  spur-wheel  R'.  This  spur-wheel  is  in  turn  worked  by  the  pinion  8,  on  the  lower  end 
of  the  shaft  S',  which  is  provided  with  a  crank  8",  and  turned  by  an  engine  consisting  of  two  cylin- 
ders 12  in.  in  diameter  and  16  in.  stroke,  placed  at  right  angles,  and  bolted  to  the  under-side  of  tho 
deck-beams  T.  TJ  is  a  port-stopper  for  preventing  shot  from  entering  the  turret,  composed  of  a 
massive  block  of  wrought  iron  bent  in  the  form  of  a  crank,  provided  with  bearings,  in  which  it 
may  be  turned  into  such  a  position  as  to  admit  of  the  gun  being  rolled  out,  while,  when  turned 
into  another  position,  it  closes  the  port.  V  is  the  gun-carriage;  V  a  rack  on  the  under-side  of 
the  same ;  V  a  pinion  for  moving  the  gun  on  the  slides,  and  by  means  of  which,  combined  with 
a  friction-coupling,  the  recoil  is  checked ;  W  is  a  radial  sliding-bar  for  passing  the  shot  into  the 
muzzle  of  the  gun  without  handling ;  X  is  the  steering-wheel,  and  Y  the  double  barrel  for  the 
steering-chains  Y',  which  run  upon  rollers  under  the  deck-beams,  a  is  a  bar  of  steel,  2Jin.  square, 
inserted  in  a  groove  formed  on  the  port  side  of  the  turret-shaft,  provided  with  cogs  on  the  opposite 
rides,  by  raising  or  lowering  which,  by  means  of  a  train  of  wheels  in  the  steering-box  6,  the  clmin- 
barrel  is  worked  through  the  pinion  c;  e,  fore  and  aft  bulkheads  to  support  the  weight  of  the  turret 
and  turret-shaft,  strengthened  with  angle-irons,  6  in.  by  4$  in.,  placed  18  in.  apart,  upon  which 
rests  the  cast-iron  saddle  /;  g,  a  key  for  regulating  the  height  of  the  turret-shaft,  above  and  below 
which  are  plates  g'  and  g"  of  composition  metal  to  prevent  cutting ;  h  is  a  cast-iron  bearing  for 
giving  lateral  support  to  the  turret-shaft,  into  both  of  which  square  keys  are  let  in,  to  prevent  the 
shaft  from  turning ;  »  is  a  wrought-iron  plate,  polished  on  the  top  side,  secured  to  the  deck ;  a 
corresponding  plate  of  composition  metal,  with  a  projection  on  the  inside,  being  fitted  under  tho 
base  of  the  turret,  with  which  it  revolves.  This  composition  plate  does  not  extend  under  the  outside 
cylinder  of  the  turret,  which  is  supported  by  being  bolted  to  the  base  ring  £,  as  shown  in  the 
engraving :  underneath  this  part  of  the  turret  the  space  is  filled  with  oakum  or  similar  material. 
Scupper-holes  /  are  provided  for  carrying  off  any  water  which  may  enter  the  turret  between  the 
base-plates  in  a  sea-way.  Plates  m  are  riveted  to  the  four  inside  courses  for  sustaining  the  upward 
pressure  of  the  gun-slides  when  the  diagonal  braces  are  screwed  up,  composition  rings  n  being 
fitted  between  the  upper  turret-beam  and  the  collar  n'  of  the  turret-shaft,  nearly  the  entire  weight 
resting  upon  this  ring  when  the  turret-shaft  is  fully  keyed  up.  Doors  o  in  the  upper  transverse 
turret-bulkhead  afford  communication  between  the  berth-deck  and  the  turret-chamber,  the  doors  p 
forming  communication  to  the  after-part  of  the  ship,  and  doors  q  in  the  lower  bulkheads  to  the 
boiler-room  and  coal-bunkers. 

Of  the  Power  of  Symmetrical  Turret-fire,  taken  from  'Text-book  to  the  Turret  and  Tripod 
Systems  of  Ship's  Battery,'  Cowper  P.  Coles,  from  plans  by  E.  Pellew  Halsted.    Figs.  614,  615. 

Fig.  614  is  a  deck-plan  for  a  7-turret  first-rate  vessel  of  war ;  and  Fig.  615  is  a  midship  section 
of  a  7-tnrret  first-rate  vessel  of  war. 

Mode  of  Armament. — Seven  turrets  or  cupolas,  with  two  guns  each,  so  arranged  that — 1,  the  fire 
of  four  guns  can  be  delivered  in  line  of  keel  ahead  and  astern ;  2,  the  central  turrets,  and  very 
largely  the  deck  itself,  are  protected  from  all  raking  fire ;  3,  the  deck  can  be  swept  fore  and  aft, 
to  prevent  possibility  of  boarding. 

COMMAND  OF  TUBBETS  :  DETAILS  FOB  REFERENCE  TO  FIG.  614. 

With  both  Guns.  1.  Additional  with  Single  Guns. 

From  85°  abaft  port  beam,  to  50'  abaft  star-  I  2°  aft  on  port  side ;  6°  on  starboard  ditto  = 
board  ditto  =  315°,  or  28  points.  |  8°,  or  |  of  a  point. 

2. 

From  50°  afore,  to  61°  abaft  port  beam  = 
111°.  Then,  from  2°  on  port  side  of  keel  for- 
ward, to  81°  abaft  starboard  beam  =173°.  Total 
284°,  or  25J  points,  nearly. 

3. 

From  75°  afore,  to  71°  abaft  port  beam  = 
146°.  Then,  from  60°  afore,  to  71°  abaft  starboard 
beam  =  131°.  Total  277°,  or  24J  points,  nearly. 


6°  forward,  and  6°  aft  on  both  sides  =  24°,  or 
2J  points,  nearly. 


2°  forward,  and  6°  aft  on  port  side ;  and  7° 
forward,  and  6°  aft  on  starboard  side  =  21°,  or 
2  points,  nearly. 


4. 


From  71°  afore,  to  71°  abaft  port  beam  = 
142°.  Then,  from  71°  afore,  to  71°  abaft  star- 
board beam  ^  142°.  Total  284°,  or  25J  points, 
nearly. 


6°  forward  and  aft  on  both  sides  =  24°,  or 
points,  nearly. 
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From  71°  afore,  to  CO0  abaft  port  beam  = 
131°.  Then,  from  71°  afore,  to  75  abaft  star- 
board beam  =  140°.  Total  277°,  or  24J  points, 
nearly. 


5. 


6°  forward,  and  T  aft  on  port  side ;  and  C° 
forward,  and  2°  aft  on  starboard  side  =  21°  or 
2  points,  nearly. 


From  81°  afore  port  beam,  to  2°  on  starboard 
side  of  keel  aft  =  173°.  Then,  from  61°  afore,  to 
50°  abaft  starboard  beam  =  111°.  Total  284°, 
or  25J  points,  nearly. 


6°  forward,  and  C°aft  on  both  sides  =  •_ 
2J  points,  nearly. 


7. 


From  50°  afore  port  beam,  to  85°  afore  star- 
board beam  =  315°,  or  28  points. 


6°  forward  on  port  side,  2°  on  starboard  side 
=  8°,  or  |  of  a  point. 


SUMMARY. 


WITH  BOTH  GUNS. 

ADDITIONAL  WITH  SINGLE  Utncs. 

No.  of  Turret. 

Degrees. 

Points. 

No.  of  Turret 

Degree*. 

I      .-    '  - 

1 

315 

28 

1 

8 

1 

2 

284 

25J 

2 

24 

2! 

3 

277 

24J 

3 

21 

2* 

4 

284 

25* 

4 

24 

2i 

5 

277 

2H 

5 

21 

2* 

G 

284 

25i 

6 

24 

21 

7 

315 

28 

7 

8 

Mean  Command  .  . 

290°    51' 

25f 

Additional  Mean"! 
Command     ..  / 

18°    35' 

H 

This  power  of  mean  command  exists  -when  tho  mutual  obstruction  unavoidably  presented 
by  the  turrets  themselves  is  alone  taken  into  account.  But  even  if  50°  be  subtracted  from 
it  as  a  mean  deduction  for  the  further  unavoidable  obstructions  presented  by  masts,  hatchways, 
and  the  like,  the  remaining  240°,  or  more  than  21  points  of  the  compass,  as  a  mean  command  for 
each  turret,  gives,  says  Halsted,  a  training-power  unapproachable  by  any  other  system.  The 
shaded  spaces  between  the  turrets,  however,  show  the  neutral  surfaces,  vntravtrscJ  by  any  frt,  to 
be  sufficiently  extensive  to  accommodate  many  of  such  further  obstructions  without  any  sacrifice  of 
training  whatever. 

Concentration  and  Direction  of  Fire. — The  whole  fourteen  guns.  Fig.  C14,  can  concentrate  on 
points  in  direct  line  on  either  beam,  100  ft.  distant  from  the  guns  of  the  central  turret,  No.  4,  and 
can  train  from  thence  against  ships  or  batteries,  throughout  an  arc  of  50°  afore  and  a  1m  ft. 

The  four  guns  of  1,  2,  and  of  7,  6,  can  simultaneously  concentrate  on  points,  in  dir.-ot  linn  of 
keel  forward  and  aft,  100ft.  distant  from  stem  and  stern.  If  engaged  only  forward,  or  only 
aft,  this  fourfold  line-of-keel  fire  can  be  supplemented;  if  forward,  by  the  alternate  single  t?\\- 
6,  7  ;  and,  if  aft,  by  those  of  1,  2 ;  all  four  of  which  command  a  line  of  fire  of  87°,  or  onlv  8  fr<  in 
line  of  keel,  forward  and  aft,  on  either  side  respectively.  Whether  chasing  or  chased,  a  nre  of  nix 
guns  out  of  fourteen,  practically  in  line  of  keel,  can  thus  be  maintained. 

To  illustrate  the  bow  and  quarter  fire  : — If  a  radius  of  300  ft.  bo  struck  from  the  centre  of  tlio 
middle  cupola,  it  will  describe  two  arcs  practically  equidistant  from  both  bows  and  both  qunr 
And  if  an  angle  of  17°,  or  1£  point,  be  measured  from  tho  same  centre  and  extended  <>n  <  u.-h  aido 
of  the  keel  forward  and  aft,  it  will  fix  two  points  in  each  arc,  100  ft.  distant,  practically,  from  tho 
nearest  part  of  each  bow  and  each  quarter  of  the  ship,  as  shown  in  plate.  While  tin;  four  gunn  <>f 
1,  2,  are  still  engaged  in  line  of  keel  forward,  six  other  guns  can  concentrate  on  tho  above  point  on 
the  port  bow ;  namely,  the  two  guns  each  from  3,  6,  and  the  single  port  guns  from  4,  5,  rmpeo- 
tively.  So,  at  the  same  time,  the  four  remaining  guns  can  concentrate  on  tho  other  like  j"-int  en 
the  starboard  bow  ;  namely,  the.two  guns  of  7,  and  the  single  starboard  guns  of  4,  5 ;  which  two 
turrets  can  thus  ply  their  single  guns  alternately  on  each  of  tho  above  bow-point*.  Hut  it  U 
further  obvious,  on  reference  to  Fig.  613,  that  Turret  1  can  concentrate,  or  alternate,  tho  fire  of  both 
its  guns,  as  required,  against  either  the  starboard  or  port  bow-point;  while  Turret  '2  equally  com- 
mands the  starboard  point ;  and  the  defence  of  the  ship,  in  single  or  in  general  action,  can  tlitu  be 
maintained  with  her  whole  fourteen  guns — as  with  an  end-on  broadside — throughout  an  arc  of 
3  points,  or  only  17°  divergent  on  each  side  of  her  line  of  keel  forward.  Ami  oimilarly  <••  mpleto 
and  symmetrical  is  her  means  of  defence  aft.  Both  guns  of  Turret  1,  with  the  htnrlx-nrd  Miiglo 
ones  of  3,  4,  can  concentrate  a  fourfold  fire  on  the  point  on  the  port  quarter ;  while  a  nixfold  fire 
pours  on  the  point  on  the  starboard  quarter  from  the  two  guns  each  of  2,  5,  backed  by  the  single 
port  guns  of  3,  4 ;  the  whole  four  guns  of  7,  6,  being  still  engaged,  if  ner<ln  l>e.  in  line  <-f  keel  aft, 
or  both  those  of  7  firing,  either  upon  the  port  or  starboard  quarter-point,  and  both  thoM  of  6  pour- 
ing their  fire  upon  the  port  point. 

The  power  of  concentration,  says  Halsted,  is  as  simple  as  it  is  perfect.    It  oxiitti  from  tlio 
moment  the  turrets  are  "clear  for  action,"  without  any  complicated  preparation  or  oombiin 
between  them,  and  is  carried  out  by  simple  direction  for  all  or  any  turret*  to  direct  their  fire 
on  any  specified  point  of  an  enemy's  hull  within  their  command  of  training. 
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Securing  the  Turrets. — All  means  of  securim: 
the  turrets  in  stress  of  weather  are  pur]n>.-rly 
omitted  from  the  sectional  design,  Fig.  615: — 
1,  in  order  not  to  complicate  the  drawing  itself; 
'2.  in  onltT  to  keep  the  subject  free  for  special 
t-tudy  when  actual  construction  shall  be  under- 
taken. But  the  following  means  hare  been 
fully  considered,  and  are  regarded  by  ablest 
mechanicians  as  ample  for  every  practical  pur- 
pose, though  not  incapable,  of  course,  of  further 
improvement. 

To  prevent  all  Lateral  Motion. — Four  or  more 
powerful  horizontal  clamps  strongly  secured  to 
under-side  of  upper  deck,  working  with  competent 
screws,  and  clasping  or  unclasping  from  opposite 
points  the  external  circumference  of  turret. 

To  prevent  all  Vertical  Motion. — Four  or  more 
powerful  vertical  or  oblique  chains  or  rods, 
hinged,  as  shown  in  Fig.  613,  or  otherwise  re- 
movable, strongly  binding  down  the  turret  to 
the  stronger  parts  of  the  main  deck  around  the 
turret-bed. 

Security  in  Action. — The  flanges,  with  the  angle 
of  cone  given  to  the  twenty-four  steel  rollers,  and 
their  steel  roller-path — upon  which,  when  in 
action,  the  turret  revolves — supply  ample  means 
for  the  true  and  safe  working  of  the  turret  in 
every  state  of  weather  when  its  guns  can  at  all 
be  used.  But  these  means  are  further  assisted 
by  centering  the  floor  of  the  turret  down  to  the 
central  pivot  of  the  working  shaft  on  the  lower 
deck,  by  a  system  of  diagonal  trusses  which  con- 
nect the  two:  this  arrangement  fully  providing 
against  any  other  motion  by  the  turret  than  its 
intended  horizontal  rotation. 

On  Upper  Deck. — A  clearance  of  8  in.  sur- 
rounds the  turret  on  the  upper  deck,  rendering 
highly  improbable  any  permanent  choking  of  its 
action  by  any  effects  of  shot.  But  the  opening 
on  that  deck  is  surrounded  by  a  strong  box-girder, 
furnished  with  competent  rollers,  by  which  to 
meet  any  possible  circumstances  making  it  desir- 
able for  the  turret  to  be  supported  at  that  point. 
A  flexible  flange  or  valve,  as  in  the  American 
monitors,  keeps  that  opening  water-tight,  and 
any  possible  leakage  will  find  its  ready  exit  to 
the  sea  through  the  main-deck  scuppers. 

The  following  main  details  are,  however, 
freely  stated : — 

Construction. — Hull. — The  construction  of  the 
hull  is  on  the  same  principle  of  combined  longitu- 
dinal and  transverse  frames  as  in  the  'Achilles,' 
'Agincourt,'  &c.,  and  other  British  iron-clads  of 
war;  with  an  inner  and  outer  skin-plating,  as 
introduced  by  Mr.  Scott  Russell  in  the  '  Great 
Eastern '  steam-ship. 

The  extreme  ends  are  made  cellular  and 
water-tight,  with  the  same  preparation  for  ram- 
ming as  in  the  above-named  ships.  The  whole 
of  the  intermediate  space  between  the  inner  and 
outer  skin-platings  is  subdivided  into  sectional 
water-tight  compartments,  arranged  to  be  used 
for  water-ballast,  to  compensate,  when  necessary, 
for  consumption  of  fuel,  and  so  on,  and  for  main- 
taining the  ship  at  her  proper  trim. 

Defensive  Powers. — Armour  and  backing  has 
been  considered  in  its  compound  character,  and 
not  simply  in  reference  to  the  outer  armour- 
plates.  Throughout  all  classes  and  rates,  as  the 
guns  are  the  same,  so  the  armour  and  backing 
are  of  one  character  and  thickness.  The  outer 
armour  is  6  in.  thick;  next,  teak  11  in.  thick; 
next,  9  in.  depth  of  Mr.  John  Hnghes's  hollow 
metal  backing  of  f-in.  iron  ;  the  bars  in  contact, 
running  longitudinally  from  end  to  end  of  the 
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Main  Deck,  in  all  classes,  is  level  with  the  top  of  armour,  and  laid  with  H-in.  iron,  r 
with  G  iti.  of  teak.     The  height  out  of  water  is,  in  ships  of  the  line,  5  ft. ;  Matin,  4  ft. :  «••  T\ 
3  ft.    The  only  ship  armour  above  main-deck  level  is  that  around  the  rudder  and  its  working 
gear.     The  main-deck  hatchways  are  limited  to  such  as  are  requisite  for  provisionim:.  m 
on;  the  turrets  themselves  constituting  capacious  hatchways  for  all  other  purposes.    A»  with  the 
upper  decks  of  the  American  monitors,  all  main-deck  hatchways  are  fitted  with  lik-h  rmunintrn, 
and  l£-in.  water-tight  iron  hatches,  hinged,  and  always  in  place.    This  admits  nf  tin-  I»K. 
decks  being  flooded  without  the  water  finding  its  way  below.     Provision  is  mud!  f«r  :Mtmi:  rid  nf 
the  water,  in  such  case,  by  a  large  water-port  beneath  each  main-deck  gun-port  on  the  IT-MI.; 
The  sides  of  the  main  deck  are  of  f-plates  unprotected,  the  armour  being  limited  t<>  tin-  vital 
body  of  the  ships,  and  all  connected  with  the  turrets.     These  sides  arc  ron.-» -<|u«  ntly  linl>Ii<  to  be 
riddled  with  shot-holes,  through  which  the  water  might  afterwards  flood  tin-  main  <l«-k  in  hmvjr 
weather.     In  describing  the  turret,  it  will  be  shown  that  in  such  event  complete  access,  M  before, 
may  still  be  maintained  with  the  lower  deck  and  all  below  it,  even  with  3  feet  wnter  over  tho 
main  deck.     The  lower  decks  throughout  are  laid  with  J-in.  platen  and  4-in.  U-nk  over :   the 
upper  decks  with  J-in.  plates  and  4-in.  teak.    The  lower  derks  are  7  ft.  briienlli  tho  bcanu; 
the  main  decks  8  ft. ;  except  in  the  corvettes  and  occan-de*patrh,  where  Ixith  are  7  ft. 

Spar  Deck. — This  most  important  feature  in  aid  of  tho  whole  undertaking  i«  ndo|>t«-d  fp'm  tli«» 
rudimental  spar  decks,  connecting  turret  with  turret,  in  the  American  monitors.     In  itMRppli<-  ' 
here,  as  a  war  arrangement,  the  leading  idea  has  been  this, — the  upper  deok  proper  \H-\HK  r«  pir«l«  .1 
as  if  it  were  the  main  deck  of  an  ordinary  frigate.    In  such  case  the  beams  of  the  overhead  deck 
would  ordinarily  receive  end  support  from  the  walla  or  Bides  of  tho  ship,  as  pierced  with  ports  for 


286  BATTERY. 

broadside-fire.  But  these  benms  would  receive  central  supports  also  from  two  rows  of  stanchions,  not 
fixed,  but  hinged,  and  removable  as  required.  Now,  the  support  of  the  spar  deck  represents,  as  it 
were,  those  two  rows  of  central  movable  stanchions,  converted  into  a  system  of  fixed  central 
support ;  the  main-dock  sult-a  or  walls  of  the  ship  being  then  altogether  removed,  so  as  to  give  free 
scope  to  a  central,  rotary,  all-round  turret-fire,  substituted  for  that  of  the  broadside.  But  the 
strength  of  that  contra!  system  of  tru.-.-r.l  dismal  support  for  the  spar  deck  enables  it  to  fulfil 
also  every  office  of  a  complete  working  upper  deck,  for  boats,  capstans,  rigging,  working  ship,  and 
the  like,  whether  the  turret  guns  beneath  it  be  silent  or  in  action.  In  all  bad  weather,  and  espe- 
cially when  steaming  head  to  wind  and  sea,  it  thus  constitutes  a  practical  freeboard  of  ample 
hoiirht  to  secure  all  comfort  and  safety.  The  spar  deck  is  constructed  as  a  girder.  Its  lower 
convex  skin  is  of  A  steel  plates,  laid  perfectly  smooth ;  its  upper  convex  is  of  J-in.  iron,  covered 
with  3-in.  teak.  Its  edge  is  stiffened  and  strengthened  by  a  continuous  box-girder  of  $-in.  plates, 
4  ft.  deep  and  2  ft.  wide,  'constituting  the  hammock-netting. 

Eesistunce  of  Spar  Deck  to  Explosion  of  Turret  Guns  below. — As  two  features  of  great  novelty  and 
Importance  are  here  involved,  it  is  felt  necessary  thus  to  notice  this  subject.  The  question  is  ob- 
vi«  uisly  one  of  due  strength.  An  experience  of  over  tliree  years,  says  Halsted,  writing  in  1867,  has  told 
us  that  decks  of  wood,  with  or  without  an  underlay  of  iron  plating,  suffer  no  injury,  beyond  being 
blackened,  by  charges  varying  from  35  Ibs.  to  45  Ibs.  fired  even  less  than  one  foot  above  their 
surface :  and  the  nearest  point  of  the  under-side  of  any  of  these  spar  decks  to  the  bore  of  the 
gun  beneath  it  is  5  ft.  10  in.  Again,  long  experience  has  determined  that  the  angle  of  so-called 
explosive  force  diverges  45°  from  the  circumference  of  the  bore,  in  equal  effect  all  round,  but 
diminishing  in  effect  directly  as  the  distance.  Thus  the  point  where  the  explosion  from  the  nearest 
muzzle  will  impinge  on  the  nearest  under-side  of  the  spar  deck  above  it  will  be  increased  to  8  ft. 
9  in.,  presenting  a  smooth  surface  of  steel.  And  if  its  strength  bo  but  equally  resistant  as  that 
layer  of  a  deck  of  wood,  1  ft.  4  in.  distant,  as  in  the '  Koyal  Sovereign,'  which  lies  nearest  to  a 
muzzle  above  it,  and  suffices  to  resist  all  injury ;  it  is  clear  no  apprehension  for  these  spar  decks 
need  be  entertained.  But  if  indeed  it  be  found  less  than  that  wooden  standard  of  sufficiency, 
then  a  further  layer  of  iron  plate,  even  to  an  inch  in  thickness,  over  the  arc  of  impingement 
is  easily  added. 

Figs.  613  and  615  illustrate  other  details  of  construction  not  here  described. 

Sea-going  turret-ships,  by  Admiral  Paris,  Figs.  616,  617,  618,  619 ;  taken  from  the  '  Artizan ' 
for  April,  1869. 

The  subject  of  sea-going  turret  vessels,  which  is  one  of  vast  importance  to  this  country,  has 
just  now  acquired  still  greater  interest  from  the  fact  lately  disclosed  by  Mr.  Childers,  the  present 
chief  of  the  Admiralty,  that  our  Government  have  at  last  determined  to  entirely  leave  off  building 
wall-sided  iron-clads,  and  construct  only  turret  ships.  i 

Few,  if  any,  authorities  upon  this  subject  stand  so  deservedly  high  as  Admiral  Paris,  who 
has  devoted  so  many  years  to  the  study  of  its  merits,  and  we  have  therefore  given  the  following 
explanation  of  his  views  as  communicated  by  him. 

Since  the  first  appearance  of  the  '  Gloire '  as  a  sea-going  iron-clad,  but  few  changes  have  arisen 
in  the  general  features  and  form  of  vessels  of  this  type.  The  only  alteration  of  a  notable  character 
consists  in  the  adoption  of  a  central  battery,  which  system  has  been  rendered  necessary,  because,  by 
reason  of  the  increasing  penetrative  power  of  shot,  it  has  been  found  practically  impossible  to  ca-rry 
armour  of  sufficient  thickness  over  the  whole  length  of  wall-sided  ships  to  afford  them  ample  pro- 
tection. One  consequence  of  the  introduction  of  central  batteries  has  been  a  reduction  in  the 
number  of  guns  carried  by  a  vessel;  thus  ships  of  the  magnitude  of  the  ' Bellerophon '  and 
'  Hercules '  now  carry  only  four  or  five  guns  on  each  side. 

It  is  evident,  however,  that  these  guns  will  be  more  effectively  used  in  a  turret  than  in  a 
central  battery ;  and  this  is  now  beyond  dispute,  the  doubts  militating  against  the  turret  system 
having  been  cleared  away  by  the  trials  of  monitors  in  active  warfare,  and  by  their  sea  voyages. 
Also,  as  all  iron-clads  have  been  built  of  the  same  shape,  that  is  to  say,  with  vertical  sides  and 
rounded  bottom,  they  commonly  roll  heavily,  shipping  water  through  their  ports  and  over  their 
biilwarks,  and  preventing  the  use  of  those  guns  which  in  the  old  ships  of  war  would  have  probably 
been  brought  into  action :  to  this  defect  must  be  added  the  danger  arising  from  the  rolling  of  the 
vessel,  which  tends  to  expose  the  weak  or  unarmoured  parts  of  the  vessel  every  few  seconds.  Hence 
at  the  present  time  it  appears  that,  in  the  ordinary  system  of  wall-sided  iron-clads,  the  limited  range 
of  guns,  the  low  height  of  their  elevation  above  the  surface  of  the  water,  and  the  rolling  of  the 
ships,  are  defects  gravely  impairing  their  other  qualifications,  which  have  been  so  greatly  enhanced 
by  the  skill  of  many  of  our  modern  engineers. 

There  appeared,  however,  in  the  United  States  of  America,  a  peculiar  description  of  vessel, 
which  was  only  designed  for  navigating  rivers,  but  was  found  to  possess  a  remarkable  stability  in 
a  sea-way,  only  rolling  about  one-third  as  much  as  vessels  of  the  ordinary  build.  The  natural 
conclusion  from  this  almost  unexpected  result  is,  let  us  adopt  similar  shaped  vessels ;  or,  in  other 
words,  let  us  build  monitors.  But  if  this  form  were  adopted  throughout  the  entire  navy  of  any 
country,  she  would  be  unable  to  carry  on  a  war  in  open  sea  in  bad  weather,  as  it  is  acknowledged 
to  be  unsuitable  for  a  heavy  sea.  The  problem,  therefore,  is  how  to  obtain  the  advantages  of 
stability  and  extensive  range  of  fire  as  possessed  by  the  American  monitors,  in  vessels  capable 
of  navigating  the  ocean  in  all  weathers.  This  problem  Admiral  Paris  endeavoured  to  solve,  after 
having  had  the  advantage  of  studying  the  various  models  in  the  Paris  Exposition,  and  having 
reliable  information  respecting  the  monitors,  together  with  long  experience  at  sea.  To  design  a 
vessel  which  should  be  as  free  from  rolling  as  a  monitor ;  as  seaworthy,  and  with  as  good  accom- 
modation, as  vessels  of  the  usual  form ;  and  carrying  her  guns  a  sufficient  height  out  of  the  water, 
with  an  all-round  fire,  was  his  object. 

As  regards  stability,  or  freedom  from  rolling,  it  is  well  known  that  a  boat-hook  floating  in  the 
water,  and  kept  right  by  the  weight  of  the  iron  end,  is  least  affected  by  the  waves.  Again,  a 
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plank  weighted  on  the  bottom  side  will  not  roll;  whilo  ft  body  in  the  form  of  a  sphere,  or  a  cylinder, 
has  no  stability  of  its  mui,  and  requires  a  Itxr^'c  amount  of  hallast  to  keep  it  upright.  The 
contrast  between  the  motion  <>f  different  shapes  of  buoys  in  u  heavy  «ea.  is  a  simple  illustration  of 
varying  stability.  A  body  of  almost  equal  specific  gravity  to,  and  which  consequently  has  its 
upper  side  level  with,  the 
•water,  such  as  a  boat  filled 
with  water,  or  a  piece  of  ice, 
moves  with  the  wares,  but  only 
so  far.  The  first  of  these  forms 
would,  of  course,  be  impossible, 
as  the  vessel  would  be  imprac- 
ticably deep ;  besides  which,  a 
complete  immobility  is  unde- 
sirable. The  merits  of  tho 
circular  form  are  about  to  be 
proved  by  the  Winan's  yacht, 
and  presents  many  difficulties ; 
while  the  monitors  have  proved, 
on  a  large  scale,  the  influence 
of  waves  upon  a  body  of  a 
specific  gravity  nearly  equal  to 
water. 

These  three  illustrations, 
applied  to  the  usual  construc- 
tion of  a  vessel,  which  may  be 
described  as  a  semi-cylinder, 
with  a  parallelopipedon  over 
it,  show  that  it  is  the  form  of 
maximum  rolling,  especially  if 
weight  is  fixed  outside  to  add 
to  the  inertia.  It  is  well  known 
that  a  raft  rolls  less  than  a 
boat ;  while  a  boat-hook,  floating 
close  to  them,  is  quite  motion- 
less, for  which  reason  it  has 
•  inployed  as  a  wave- 
tracer  for  showing  the  rolling 
of  ships  and  the  motion  of 
waves,  and  has  been  found  to 
act  very  perfectly.  It  is,  more- 
over, necessary  to  rely  upon 
the  well-established  fact  of  the 
non-rolling  of  the  monitors,  as 
the  excessive  motion  of  iron- 
clad vessels  have  fully  proved 
our  ignorance  of  the  laws 
which  govern  the  motion  of  ships,  because  if  any  theory  upon  this  point  really  existed,  it  would 
be  unpardonable  not  to  have  applied  it. 

For  this  reason,  when  it  was  first  proposed  to  construct  iron-clad  vessels,  Admiral  Paris 
proposed  that  a  model  should  be  built — say  about  130  ft.  long — with  iron  frames  and  wood 
planking  fastened  with  screw  bolts,  thus  making  a  composite  vessel.  With  such  a  vessel  experi- 
ments might  have  been  tried  with  weights  in  every  possible  position ;  and  after  having  experimented 
sufficiently,  the  boat  might  be  hauled  ashore,  the  planks  removed,  and  the  frames  put  in  the 
furnace  and  afterwards  bent,  so  as  to  form  a  vessel  of  some  different  shape  upon  which  to  try 
similar  experiments.  By  these  means  a  considerable  amount  of  practical  knowledge  could  have 
been  obtained  as  to  the  best  form  of  vessel  for  war  purposes. 

It  has  been  already  mentioned,  the  monitor  is  the  best  form  of  vessel  for  stability,  and  is  also 
perfectly  adapted  to  the  smooth  surface  of  rivers,  where  the  ship's  company  have  frequent  oppor- 
tunities to  breathe  pure  air  ashore,  though  they  cannot  be  considered  as  adapted  for  long  vo\ 
at  sea.  The  first  monitor  was  sunk  in  weather  which  permitted  another  ship  to  use  her  boats ; 
while  the  '  Weehawkee'  and  the  '  Affondatore '  suffered  the  same  fate,  in  consequence  of  opening 
the  hatches  to  breathe  a  little  air  after  a  battle. 

The  point,  therefore,  is  to  attain  as  near  as  possible  to  the  non-rolling  quality  of  the  monitors, 
and  avoid  their  unseaworthiness,  which  the  Admiral  endeavoured  to  accomplish  in  the  following 
manner.  It  will  be  seen  from  Figs.  616,  617,  618,  619,  that  the  midship  section  of  the  proposed 
vessels  are  formed  of  parts  of  circles  for  the  sides  with  a  flat  bottom,  the  sides  rising  but  a  short 
distance  above  the  water-line,  and  covered  with  a  deck  for  a  certain  distance  inwards :  when  the 
sides  again  rise  to  a  sufficient  height  to  admit  of  ports  being  placed  well  above  water,  this  portion 
being  long  and  narrow,  somewhat  similar  to  a  river  steamer  in  shape.  Upon  reference  to  the 
cross-sections,  Figs.  617,  618,  it  will  at  once  be  observed  that,  with  the  exception  of  the  compara- 
tively narrow  raised  portion,  the  vessel  is  similar  in  section  to  a  monitor,  and  consequently 
possesses  the  similar  properties  of  stability.  This  element  being  the  most  important  point,  it  was 
necessary  to  study  it  carefully,  and,  therefore,  Paris  calculated  the  positions  of  centre  of  carene 
(that  portion  of  a  vessel  which  is  below  the  water-line,  when  floating  in  any  position,  whether 
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upright  or  inclined)  and  the  metacentre,  both  when  the  vessel  was  upright  and  also  when  heeled 
over  at  various  angles  up  to  20°,  from  which  the  following  Table  waa  obtained. 


Inclination. 

Draught 
to  lowest 
point  of 
immer- 
sion. 

Displace- 
ment of 
carene, 
P. 

Distance  of  centre 
of  carene  : 

Height 
of  meta- 
centre 
over 

centre  of 

Height  of 
centre 
of  gravity 
to  water- 
line, 
+  over 

Height  of 
centre 
of  gravity 
over 
centre  of 
carene. 

Value  of 
p-a. 

Moment 
of 
sUbility, 
M. 

M   •  :•.- 
tumof 

Milt, 

m 

Vain* 
,  * 

"IF" 

To  water- 
line. 

To 

longitu- 
dinal 

III  in. 

—  under. 

a. 

m. 

tons. 

m. 

m. 

m. 

m. 

Vessel  upright 

6-750 

8368 

2-875 

o-o 

5-85 

-0-58 

2-30 

3-55 

29716 

72766 

0-408 

Inclined   5°  .. 

6-765 

» 

2-90 

0-42 

4-05 

-0-60 

2-31 

1-74 

14560 

0-209 

10° 
„         iv    .. 

6-795 

» 

2-95 

0-73 

3-40 

-0-62 

2-335 

1-065 

8912 

0-106 

„        15°.. 

6-840 

» 

3-03 

1-02 

3-30 

-  0-65 

2-875 

0-925 

7740 

0-092 

„        20°.. 

6-92 

» 

3-12 

1-29 

3-48 

-0-70 

3-415 

1-085 

9079 

•• 

0-107 

Vessels  of  this  form  are  notable  clippers ;  but,  for  the  sake  of  comparison,  we  will  take  a  spread 
of  canvas  equal  to  that  of  an  old  three-decker  with  3000  square  metres,  the  centre  of  effort  being 
26m<20  above  the  water-line.  The  Admiral  then  compared  the  moment  of  stability  at  various 
inclinations  with  that  of  vessels  built  upon  the  old  system,  and  given  in  a  Table  in  a  moat 
instructive  work  by  M.  Fre'minville,  sub-director  of  the  school  of  Ge'nie  Maritime,  entitled  '  Guide 
du  Marine,'  which  is  as  follows : — 


Value  of 

Ratio  of  the  stability  of  the  proposed  ghip, 

M 

Fig.  616,  to  that  of  each  of 

Names  of  Ships. 

Jdf'for 

the  vessels  named  below,  for  inclination*  of 

the  ships 
indicated. 

Normal 

6deg. 

lOdeg. 

iSdeg. 

aodrg. 

times. 

times. 

times. 

times. 

time*. 

'  Breslau,'  100  guns,  with  full  complement 

0-082 

5 

2-55 

1-29 

1-12 

1-30 

Stores  having  been  used  

0-059 

6-9 

3-54 

1-8 

1-55 

1-84 

'  Tage,'  90  guns,  with  full  complement 

0-096 

4-25 

2-37 

1-11 

0-95 

1-12 

Stores  having  been  used  

0-078 

5-1 

2-69 

1-36 

1-18 

1-37 

'  Breslau,'  with  full  complement  .  . 

0-076 

5-37 

2-75 

1-40 

1-21 

1-41 

'  Alceste,'  52  guns,  with  full  complement 

0-067 

6-09 

3-12 

1-58 

1-37 

1-60 

Stores  having  been  used  

0-053 

7-59 

3-94 

2-00 

1-73 

2-00 

'Jeanne  d'Arc,'  44  guns,  with  full  complement 

0-063 

6-47 

3-31 

1-68 

1-46 

1-70 

Stores  having  been  used  

0-051 

8-00 

4-10 

2-08 

1-80 

2-10 

'  Eurydice,'  30  guns,  with  full  complement 

0-077 

5-30 

2-71 

1  37 

1-195 

1-39 

'  Obligado,'  10  guns,  with  full  complement 

0-065 

6-27 

3-21 

1-63 

1-41 

1-64 

Stores  having  been  used  

0-059 

6-91 

3-37 

1-80 

1-56 

1-88 

From  these  figures  it  will  be  seen  that  the  stability  of  the  proposed  ship,  Figs.  616,  617,  618, 
619,  which  has  been  calculated  for  a  light  cargo,  or  at  least  for  a  mean  one,  is  eight  times  that  of 
some  of  the  old  ships  after  the  stores  were  used ;  and  if  compared  with  the  '  Tage,'  with  full  com- 

Slement  of  stores  and  provisions,  the  ratio  is  4-25  times,  the  position  of  616  being  normal.    But 
;  is  to  be  observed  that  at  5°  the  ship,  Fig.  616,  has  5  per  cent,  less  stability  compared  with  the 
'Tage'  with  full  complement,  but  1-18  more  after  the  stores  have  been  used.    It  haa  also  to  be 
remarked  that  though  the  stability  is  a  minimum  at  the  angle  of  15°,  it  rises  afterwards,  and  at 
20°  is  much  higher. 

Admiral  Paris  is  aware  that  the  comparison  with  -he  ships  mentioned  is  not  BO  fair  as  would 
be  one  with  old  ships  having  "  tumbling  home "  sides,  such  as  the  '  Royal  Louis,'  and  so  forth, 
designed  by  M.  Ollivier  in  1750,  and  such  as  that  proposed  by  the  Admiral  formerly.  These  have 
a  carene  like  other  ships — that  is  to  say,  88m  long,  18m>20  beam,  and  8m  draught  but  the  upper 
deck  would  not  be  proportionately  so  wide  as  the  more  modern  vessels,  so  that  the  metacentre  would 
be  motionless,  as  in  the  old  class  of  ships,  as  shown  in  the  work  entitled  '  L'Art  Naval  a  Exposi- 
tion de  1867.'  The  plan  first  proposed,  and  here  alluded  to,  was  but  a  first  step  toward*  the 
present  arrangement. 

It  should  here  be  observed  that  all  the  calculations  relating  to  the  present  proposed  form  of 
turret-ships  have  been  made  in  reference  to  the  largest,  shown  in  Figs.  616,  617,  618,  619,  and 
proportionately  reduced  for  others,  of  which  the  lines  and  proportions  are  relatively  the  same. 

It  may  be  of  advantage  to  those  engaged  in  the  examination  of  such  questions  as  that  under 
present  consideration  to  be  made  acquainted  with  the  method  pursued  in  the  calculations  to  econo- 
mize time  and  labour. 

The  calculation  of  the  centre  of  carene  for  a  ship  when  inclined  is  exceedingly  tedious,  where- 
fore the  writer  employed  a  term  called  the  mean  section,  which  is  obtained  by  taking  tho  arithme- 
tical mean  of  the  ordinates  to  each  water-line,  and  setting  off  the  height  »«  obtained  in  this 
manner.  Then  is  the  centre  of  carene  situate  in  the  centre  of  this  figure.  «•  may  be  proved 
arithmetically  calculating  a  centre  of  carene  according  to  Stirling's  differential  method,  as  cmp* 
by  the  Swedish  constructor  Chapman,  the  French  naval  architect  Olairbois,  and  now  adopt 
naval  architects  generally. 
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Figs.  620,  621,  622, 623,  represent  one  of  Captain  Cowper  P.  Coles'  turret-ships  lately  designed: 
this  is  a  vessel  of  4272  tons,  or  about  the  same  as  the  '  Bellerophon,'  but  with  low  freeboard  from  3  ft. 
to  4  ft.  out  of  the  water.  Her  length  between  perpendiculars  would  be  H20  ft. ;  beam,  53  ft. ;  two 
turrets,  with  guns  12  ft.  above  the  water  and  11  ft.  horizontally  from  the  sea.  Between  the  turrets 
a  deck-house  is  built,  of  the  ordinary  scantling  of  an  iron  ship,  extending  towards  the  vessel's  sides 
at  an  angle  that  allows  the  turrets  to  cross  their  fire  at  68°  on  the  beam,  and  commanding  mi 
mi  interrupted  fire  around  bow  and  stern.  This  deck-house  may  be  one,  two,  or  thrc<>  nl<>rii-s  hi^h, 
according  to  the  accommodation  required — in  the  present  instance  it  is  two  stories  high,  sur- 
mounted by  a  hurricane  deck  22  ft.  out  of  the  water.  In  the  upper  or  second  story,  6, 6, 6,  good 
accommodation  is  provided  for  the  captain,  the  dining  cabin  being  24  ft.  by  13  ft.,  with  a  suite  of 
cabins  in  proportion,  a  commander's  cabin,  a  wardroom,  and  four  other  cabins  for  officers,  office, 
galley  for  the  officers,  a  sick  bay,  baths,  and  w.cs.  for  both  officers  and  men.  The  cabins  and 
apartments  on  this  deck  would  receive  light  and  air  from  ports  2  ft.  square,  and  18  ft.  out  of  the 
water,  besides  ventilation  from  the  hatchwavs  communicating  with  the  hurricane  deck.  The 
lower  or  first  story,  c,  c,  c,  would  have  mess-tables  for  300  men,  ner  fighting  complement,  a  galley, 
midshipmen's,  engineers',  and  warrant-officers'  berths,  besides  four  cabins  for  officers.  This  deck 
would  receive  air  and  light  by  means  of  ports  18  in.  square,  11  ft.  6  in.  out  of  the  water,  beside 
hatchways.  All  the  hatchways  on  this  deck  leading  below  would  have  the  means  of  being  closed 
and  kept  water-tight  the  same  as  in  monitors.  The  remaining  nine  cabins  for  officers  would  be 
on  the  lower  deck,  which  corresponds  with  the  '  Captain's '  and  '  Royal  Sovereign's,'  receiving  liirht 
from  deck-lights,  and  ventilation  by  tubes  communicating  direct  with  the  outer  air  through  the 
deck-house ;  there  would  also  be  provision  made  on  this  deck  for  messing  300  extra  men,  should  it 
be  required. 

From  the  central  position  of  the  deck-house,  as  well  as  the  horizontal  and  vertical  distance 
from  the  water  to  the  ports,  and  openings  in  it,  free  ventilation  will  be  ensured  in  all  weathers, 
whilst  the  comfort  and  accommodation  will  be  second  to  no  vessel  in  Her  Majesty's  navy. 

From  the  form  of  this  vessel  above  water,  and  the  little  resistance  shown  to  wind  or  sea,  lighter 
anchors  and  cables  might  be  used  than  usual ;  but  in  this  case  we  will  suppose  them  to  be  the  same 
weight  as  the  '  Captain's.'  The  cables  would  be  led  through  fairleads  at  the  edge  of  the  bow  along  the 
upper  deck,  and  through  hawse-pipes,  8  ft.  above  the  water,  into  the  lower  story  of  deck-house, 
where  they  would  be  worked  by  two  steam  capstans,  one  on  each  side,  as  in  the  '  Royal  Sovereign.' 
The  bower-anchors  at  sea  would  be  stowed  upon  the  deck  without  interfering  with  the  firing  or 
depression  of  the  turret  guns,  and  the  spare  anchors  against  the  deck-house.  The  anchors  can  be 
worked  on  the  bow  or  stern  with  equal  facility.  She  would  have  the  usual  complement  of  boats, 
namely,  two  42-ft.  launches,  two  32-ft.  steam  cutters,  two  28-ft.  life-boats,  a  captain's  galley,  and 
an  officers'  gig,  which  would  be  hoisted  up  by  davits  to  the  deck-house,  and  so  arranged  that  at 
any  moment  they  can  be  turned  inboard  when  firing  at  sea. 

Opinions  will  differ  upon  the  question  of  masts ;  but,  after  considering  the  report  of  our  iron-clad 
squadron,  as  well  as  other  practical  evidence,  from  which  it  appears  that  our  ships  as  now  masted 
are  incapable  as  a  fleet  of  manoeuvring  under  sail  without  the  aid  of  steam,  the  balance  of 
advantage  is,  in  Captain  Coles'  opinion,  against  such  useless  masts  and  sails,  and  in  favour  of  fuel 
being  substituted  for  the  weight  thus  gained.  Masts  may  be  desirable  to  assist  in  decreasing  the 
rolling  propensities  of  high  freeboard  ships ;  but  for  vessels  of  low  freeboard,  with  their  decreased 
rolling,  the  Captain  maintains  that  we  can  afford  at  once  to  sweep  away  the  masts,  gear  and 
rigging,  as  antagonists  to  the  steaming  and  fighting  powers  of  war  ships,  and  can  at  any  time 
resort  to  temporary  or  small  ones  for  fore  and  aft  sails,  such  as  '  Royal  Sovereign '  and  '  Prince 
Albert '  have,  should  it  be  considered  desirable.  In  the  stowage  of  fuel,  weight  and  space  have  to 
be  considered.  In  this  vessel  every  100  tons  would  make  a  difference  of  about  3  in.  draught  of 
water.  In  an  armoured  vessel  the  saving  in  weight,  inherent  to  low  freeboard,  and  the  absence 
of  masts  gets  rid  of  the  greatest  part  of  the  difficulty  under  the  head  of  weight ;  and  the  author  of 
the  design  finds  that,  after  giving  ample  accommodation,  as  before  explained,  for  a  crew  of 
800  men,  and  extra  accommodation  for  300  more  men,  making  in  all  600  men  besides  the  officers, 
§he  would  stow  upwards  of  1000  tons  of  coals,  and  even  more,  at  the  sacrifice  of  3  in.  immersion 
for  every  100  tons. 

The  armament  would  consist  of  two  turrets,  with  13-in.  armour,  carrying  four  of  the  heaviest 
guns  that  can  be  procured,  say  600-pounders,  12  ft.  above  the  water;  and  two  pivot-guns,  if  thought 
expedient,  on  the  hurricane  deck,  22  ft.  out  of  the  water:  the  latter  may  be  found  advantageous 
for  firing  down  upon  a  ship's  decks ;  and  it  is  believed  a  vigorous  fire  kept  up  by  rockets  and 
breech-loading  rifles,  from  the  position  and  height  of  this  hurricane  deck,  would  have  a  great 
effect  upon  an  enemy's  upper  deck  and  open  ports.  Leaving  the  pivot-guns  out  of  the  question, 
the  fighting  powers  of  this  ship's  turrets  would  remain  as  follows :  88°  of  the  circle  are  com- 
manded by  two  600-pounders,  throwing  a  broadside  of  1200  Ibs.,  and  the  remaining  272°  by  four 
600-pounders,  throwing  2400  Ibs. ;  and  it  will  be  observed  that  this  ship  can  engage  end-on  with 
two  600-pounders,  and  at  22°  from  the  line  of  keel,  or  only  two  points  on  the  bow,  with  four 
600-ponnders,  which  would  be  her  strongest  point  of  attack ;  the  importance  of  this  is  much 
increased  when  it  is  considered  that  all  well-designed  iron-clads  will  endeavour  to  present  their 
bows  to  the  enemy,  when  this  ship  would  show  the  deflecting  surface  of  a  sharp  protected  bow, 
not  more  than  from  3  ft.  to  4  ft.  out  of  the  water,  and  a  circular  turret  9  ft.  high  above  it ;  whilst 
in  broadside-ships  of  approved  model,  a  bulkhead  some  20  ft.  above  the  water  is  placed  across  the 
ship  to  protect  their  guns,  which,  when  fighting  end-on,  presents  a  large  and  weak  target  at  right 
angles  to  the  enemy's  raking  fire,  which  might  place  their  battery  hors  de  combat  before  a  chance 
of  using  their  broadside-guns  occurred. 

In  comparing  the  defensive  powers  of  Captain  Coles'  ship  with  the  high  and  weaker  sides  of 
broadside-ships,  and  of  the  '  Monarch,'  when  we  say  that  her  sides  and  turrets  would  be  protected 
with  13  in.  of  iron,  we  give  but  a  small  idea  of  her  great  superiority,  in  some  respects,  over  any 
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high  freeboard  vessel  yet  built,  for  her  lownoss  of  freeboard  will  give  her  antagonists  but  a  sorry 

chance  of  hitting  her,  "whilst  her  steadier  platform  will  reduce  the  chances  of  her  being  hit  below 

the  water-line  to  the  minimum.    Lowness.  of  freeboard  may  bo  said  to  facilitate  being  boarded ; 

but,  supposing  an  enemy  to 

get  upon  the  turret  deck,  he 

would  have  to  take  possession 

of  the  deck-house,  which,  from 

its   position    and    height,   aa 

well  as  being  enfiladed  by  the 

turrets,  would  be  a  matter  of 

great  difficulty. 

Twin  screws  and  no  masts, 
in  combination  with  the  pecu- 
liar form  of  the  vessel  above 
water,  showing  so  little  resist- 
ance at  her  ends  to  the  wind 
and  sea,  it  is  believed  will 
assist  in  ensuring  both  speed 
and  handiness  to  the  fullest 
extent,  as  well  as  her  absence 
of  motion  as  compared  with 
our  present  iron-clads,  whoso 
great  loss  of  speed  at  sea  may 
be  attributed  in  a  great  mea- 
sure to  their  floundering  pro- 
pensities. Her  engines  would 
be  of  900  horse -power,  and 
capable  of  propelling  her  at 
the  rate  of  14  knots.  The 
principle  of  a  deck-house  can 
be  modified  to  suit  vessels  of 
all  sizes,  carrying  from  one 
turret  upwards. 

A  one-turret  ship  would 
have  the  deck-house  extend- 
ing within  about  10  ft.  of  the 
stem,  balancing  the  turret  by 
the  other  weights  in  the  ship. 
A  three -turret  ship  would 
have  the  third  turret  mounted 
on  the  hurricane  deck  before 
the  funnel,  bringing  four  guns 
right  ahead.  A  four -turret 
ship  would  have  the  second 
and  third  turrets  mounted  at 
each  end  of  the  hurricane 
deck,  bringing  four  guns  right 
ahead  and  astern.  It  might 
be  thought  advisable  in  some 
instances  to  make  the  upper 
turrets  of  lighter  iron  than 
the  lower  ones,  merely  cover- 
ing the  guns  mounted  in  pairs 
on  turn-tables  by  a  light  iron 
turret,  protecting  their  crews 
from  rifles,  grape,  and  canister. 

BAY.  FB.,  Baie  (de  porte, 
de  f metre) ;  GEB.,  Offnung  fiir 
Thur  oder  Fenster;  ITAL.,  Aper- 
tura;  SPAN.,  Abertura  en  una 
pared. 

In  builders'  work,  the  space  or  extent  embraced  by  one  mode  of  construction,  as  a  bay  of  Joists, 
which  is  the  surface  covered  by  the  joisting  filled  in  between  any  two  binding-joists;  or  &oay  of 
roofing,  which  is  the  part  filled  in  with  common  rafters  between  a  pair  of  principal  rafters. 

The  openings  between  the  supports  of  a  bridge  are  also  called  bays. 

BAY  OF  JOISTS.  FB.,  Panneau,  Assemblage  de  Charpente ;  GEB.,  Fullung,  Fachwerk  ;  ITAL., 
Commettitura ;  SPAN.,  Luz  de  traviesas. 

See  BAY. 

BAY  OF  ROOFING.  FB.,  Travfe  de  comble;  GEB.,  Dachstuhlfette,  Dachlatten;  ITAL.,  Scompar- 
timento  del  tetto  ;  SPAN.,  Luz  de  cobertizo. 

See  BAT. 

BEAD.    FB.,  Baguette ;  GEB.,  Riefe  oder  Stab ;  IT.,  Astragalo ;  SP.,  Astragalo,  Tondino ;  Junquillo. 

A  moulding  on  wood  or  ether  material,  generally  forming,  in  section,  a  part  of  a  circle,  is  desig- 
nated a  bead,  which  when  on  wood  it  is  said  to  be  struck  on  if  formed  with  a  plane  which  cuts 
the  wood  into  the  shape  required. 


Fixed  Breastwork  round  Turret  and  Two-story  Turret. 
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A  bead  on  the  edge  of  a  board,  as  shown  in  Fig.  624,  ia  called  a  nosing ;  if  on  the  faco.  but 
flush  with  the  surface,  and  with  one  quirk  only,  as  in  Fig.  625,  it  is  called  a  quirk-bead.  But  if 
with  two  quirks,  Fig.  626,  it  is  called  a  double  quirk-bead ;  and  if  struck  on  the  angle  of  a  piece 
of  work,  Fig.  627,  it  is  called  a  return-bead. 

624.  625.  626.  62T.  628.  629. 


A  bead  projecting  beyond  the  surface,  Figs.  628,  629,  is  called  a  cock-bead,  and  sometime* 
a  cocked  bead. 

Bead  and  Batten  Work. — An  expression  used  by  carpenters  to  denote  a  rough  style  of  work 
composed  of  battens  with  a  bead  run  along  the  edge  in  tne  direction  of  the  grain  of  the  wood. 

Bead-butt. — A  term  in  joining  applied  to  work  framed  in  panels,  when  the  latter  are  flush  with 
the  framing  and  a  bead  ia  struck  or  run  on  two  sides  only  of  the  panel  in  the  direction  of  the 
grain  of  the  wood.  The  ends  of  the  bead  are  made  to  stop  or  butt  against  the  rails.  See 

Bead -flush. — A  term  applied  to  framed  work,  which  differs  from  the  last,  in  having  the* 
bead  run  on  the  framing  instead  of  on  the  panel,  and  in  being  all  round,  instead  of  on  two  sides 
only. 

BEAM.    FR.,  Poutre ;  GEB.,  Balken,  Trdger ;  ITAL.,  Trave ;  SPAN.,  Viga,  Tirante. 

A  beam  is  a  piece  of  timber  or  metal,  or  both  combined,  used  for  sustaining  a  weight,  or  coun- 
teracting forces  by  tension  and  compression  in  the  direction  of  its  length,  and  by  widening  and 
narrowing  in  the  directions  of  the  breadth  and  thickness. 

The  word  beam  in  builders'  work  is  most  frequently  subjoined  to  another  word,  used  adjec- 
tively  or  in  apposition,  to  show  its  use  or  form,  as  binding-beam,  box-beam,  built-beam,  camber-beam, 
collar-beam,  hammer-beam,  dragon-beam,  straining-beam,  tie-beam,  trellis-beam,  tntssed-beam,  and  so  on. 
See  STRENGTH  OF  MATERIALS. 

BEAM-FILLING.  FR.,  Magonnerie  de  remplissage  au  niveau  dcs  pout  res ;  GEB.,  Mauerverk 
zwischen  der  Balkenlage  ;  ITAL.,  Riempimento ;  SPAN.,  Relleno. 

Masonry,  brickwork,  or  concrete  filled  in  from  the  level  of  the  under-edges  of  the  beams  to  that 
of  their  upper  edges,  is  known  as  beam-filling.  Beam-filling  occurs  either  between  joists  or  floor- 
beams,  or  in  filling  up  the  triangular  space  between  the  top  of  the  wall-plate  of  the  roof  and  the 
lower  edges  of  the  rafters,  or  even  to  the  under-surface  of  the  bdarding  or  lath  for  slates,  tiles,  or 
thatching.  This  operation  is  necessary  in  garret-rooms,  where  the  walls  form  sides  of  apartments, 
and  where  the  tie-beams  are  placed  above  the  bottom  of  the  rafters. 

BEAKER.     FR.,  Lierne;  GER.,  Bindesparren ;  ITAL.,  Sostegno,  Portante;  SPAN.,  Cadena. 

Generally,  this  term  is  applied  to  any  member  of  a  structure  which  has  to  support  a  weight 
above  it,  as  the  joists  in  a  flat  roof,  or  the  short  pieces  nailed  to  the  rafters  to  support  the  gutter- 
board  in  a  roof-valley,  Fig.  630.  ^ 

The  term  may  also  be  applied  to  any  beam,  whether  of  wood    j»s.       »  ' 

or  iron,  placed  horizontally,  which  has  to  support  a  weight  above  ^^^ 
it,  as  to  a  bressummer,  which  is  only  a  particular  application  of  a 
bearer. 

BEARING.    FR.,  Collet;  GER.,  Lager;  ITAL.,  Colletto;  SPAN., 
Punto  de  apoyo. 

Bearing  of  a  girder  or  beam  is  the  portion  of  it  which  rests  on  the  supports. 

Timbers  or  lintels  let  into  a  wall  have  usually  a  bearing  of  9  in.  at  each  end ;  stone  steps 
should  also  have  a  bearing  of  9  in. 

The  bearing  of  joists  or  other  beams  supported  at  both  ends  is  regulated  by  the  resistance  of 
the  material  to  crushing.  A  bearing  of  4J  in.  on  the  sleepers  or  wall-plates  is  usually  considered 
sufficient  in  ordinary  dwelling-houses. 

Girders  and  beams  are  said  to  have  a  solid  bearing  when  supported  throughout  their  whole 
length.  But  in  the  case  of  sills,  and  BO  forth,  when  not  so  supported,  they  are  said  to  havo 
a  false  bearing. 

The  bearing-distance  is  the  unsupported  part  between  the  bearings. 

BEARING  OUT. 

This  expression,  generally  applicable  to  new  work,  is  used  by  painters  to  imply  that  a  third, 
fourth,  or  fifth  coat  of  paint  has  oeen  so  fully  and  evenly  laid  upon  the  previous  ones,  that  the 
original  colour  of  the  body,  the  knotting,  the  priming,  and  the  under-coats,  cover  well,  and  give  no 
sign  of  disfiguring  the  glossy  surface  of  the  finishing  coat. 

BED.     FR.,  Semelle  ;  GEB.,  Tragseite ;  ITAL.,  Corso. 

In  masonry  and  brickwork  is  the  upper  and  under  side  of  a  stone  or  brick.  In  arch-stone*  the 
beds  are  the  joints  which  radiate  towards  the  centre.  In  slates  the  under-side  is  the  bed. 

Stones  are  usually  specified  to  be  laid  on  their  quarry-bed,  that  is,  the  same  relative  pouition  they 
had  before  they  were  quarried.  » 

In  builders'  measurements  the  term  beds  and  joints  is  used  to  designate  all  the  parts  of  a 
stone  covered  in  the  work,  in  contradistinction  to  the  face.  The  term  also  includes  the  Dock,  if  it 
be  measured. 

BEDDING  TIMBERS,  THE  PROCESS  OF.  FR.,  Poser  les  racinali ;  GIB.,  Legen  der  OnuutWur  ; 
ITAL.,  Fare  il  letto  alle  travi. 

Bedding  Timbers. — Laying  them  on  a  wall  or  otherwise  on  a  beTl  of  mortar,  cement,  or  putty,  » 
that  the  bearing  may  be  solid  or  uniform  throughout.  Wall-plate->  and  aleepen  are  bedded  in 
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this  way.  Care  should  be  taken  when  bedding  timbers  to  allow  a  free  circulation  of  air  around 
them,  otherwise  they  are  liable  to  rapid  decay,  particularly  if  in  contact  with  lime-mortar  in  a 
moist  state,  aa  the  hydrate  of  lime  in  the  mortar  abstracts  tho  carbonic  acid  gas  from  the  wood, 
which  hastens  its  decay. 

HftMimi  Stone. — See  SETTING. 

BED-PLATE.  FB.,  Plaque  cb  fondation;  GEB.,  Grundplatte;  ITAL.,  Piastra  di  fondazione ; 
PI-AX.,  Plancha  de  cimiento,  carrera. 

A  bed-plate  at  bed-piece  is  the  principal  or  foundation  framing  or  piece,  in  machinery,  by  which 
the  other  parts  are  supported  and  held  in  place ;  the  bod.  It  is  also  called  the  base-plate  and  the 
.-  -.- 

BEETLE.    FB.,  Maillet;  GEB.,  ffolzschlefjcl ;  ITAL.,  Mazzvolo;  SPAN.,  Maleta. 

Beetle  is  a  name  given  to  a  heavy  mallet  or  wooden  hammer,  used  to  drive  wedges,  beat  pave- 
ments, and  the  like.  The  term  beetle  is  also  applied  to  a  machine  used  to  produce  figured  fabrics 
by  pressure  from  corrugated  or  indented  rollers. 

BELL.  FB.,  Cloche;  GEB.,  Glocke;  ITAL.,  Campana ;  SPAN., 
Campana. 

A  bell  is  a  hollow  metallic  vessel,  which  gives  forth  a  clear, 
musical,  ringing  sound  on  being  properly  struck.  The  most  common 
form  of  bell  is  shown  in  Fig.  631.  In  this  form  it  is  expanded  at  the 
lower  part,  is  furnished  at  the  top  with  an  ear  <•,  for  the  purpose  of 
suspension,  and  has  within  it  a  tongue  or  clapper  T,  by  the  blow  of 
which  the  sound  is  produced ;  S  8,  straps  which  secure  the  bell  to  the 
rock-shaft  F,  F  ;  B  is  the  bell-rope,  and  W  W  the  vibrating  wheel. 

Another  form,  especially  of  small  bells,  is  that  of  a  hollow  body 
of  metal  perforated,  and  containing  a  loose  solid  ball,  to  make  a  sound 
when  it  is  shaken. 

In  the  formulas,  Table  I.,  D  =  the  diameter  of  the  bell  at  the 
mouth,  in  inches ;  d  —  the  diameter  of  the  bell  at  the  crown ;  h  = 
height  of  the  bell  from  the  mouth  to  the  crown ;  S  =  the  thickness  of  the  sound-bow,  in  inches ; 
W=  weight  of  the  bell  in  Ibs.  avoirdupois  (7000  grains  =  1  Ib.  avoirdupois,  and  5760  grains  =  1  Ib. 
Troy) ;  n  =  the  number  of  vibrations  a  second,  corresponding  with  the  key-note  of  the  bell,  see 
Table  II. ;  k  =  the  coefficient,  expressing  the  relative  thickness  of  the  sound-bow  to  the  diameter  of 
the  bell — it  varies  from  -07  to  '08.  In  peals  of  bells  the  sound-bow  is  generally  put,  8  =  '08  x  D 
for  the  triple ;  S  =  '07  x  D  for  the  tenor ;  and  the  intermediate  bells  in  the  peal,  proportions  lying 
between  these  for  the  respective  sound-bows. 


TABLE  I. 


W  =  0-25D»S 

W-  J^L 
232000 

W  =  0-25'D>* 

n   =  58000  -^ 

n  =  232000  ^ 
n  =58000 


[1] 

A/"W 

[2] 

D 

=  2^¥ 

[3] 

D 

=  240-83  \ 

W 

D 

=  21-947  'N 

[5] 

L  J 

[6] 

D 

=  \/i^ 

| 

D 

=  58000  - 
n 

nD» 

[7] 

58000 

_  4W 

[8] 

8 

S 

=  AD.. 

[9] 

k 

S 
~  D    " 

[10] 

k 

~w 

[12] 

[13] 
[14] 
[15] 

[16] 


W  =  DdS  (0-5  -  0-0002816  d)  +  -00375  h  cP8 


••  [17] 


Example  1,  to  illustrate  [1],  Table  I.— Required  the  weight  (W)  of  a  bell,  the  diameter  D=60  in., 
and  the  thickness  of  the  sound-bow  S  =  4  •  8  in. 

[1].     -25D2S  =  W=  -25  X  60s  x  4-8  =  4320 Ibs. 

Example  2. — A  bell  of  2636 -4  Ibs.  (W)  is  to  be  constructed  with  a  sharp  note,  putting  for  the 
eound-bow  K  =  -075 ;  what  is  the  diameter  (D)  of  the  bell  ? 


»/4W        3/4x2636-4 


S  /4  W  8  / 

From  Table  I.,  [10],  D  =  \/  -^--  =  \/ 


•075 


=  52  in. 


Example  3. — Required  the  diameter  (D)  of  a  bell  with  the  key-note  Dfl  in  the  first  octave  above 
zero,  the  bell  to  be  light  with  a  full  note. 

In  this  case  k=  -07,  and  n  =  152-25.    Table  II. 

D,  the  diameter  =  58000  -  =  58°!?*'—  =  26|  in.    [11]  Table  I. 
n          lo«zo 

Example  4. — Required  the  key-note  of  a  bell  with  D  =  44  in.,  and  S  =  3-52  in. 

3*52  S 

[4].    n  =  58000  x —-,  =  58000 —  =  105-45. 
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In  Table  II.  the  nearest  number  105-45,  in  the  first  octave  below  zero  is  107 '63,  which  answers 
to  the  key-note  A. 

TABLE  II. — VIBRATIONS  A  SECOND  =  n. 


Key-Note. 

o 
BASS.                                                                         TBEBLE 

fl 

3rd  Octave. 

2nd  Octave. 

1st  Octave.           let  Octave. 

2nd  Octave. 

3rd  Octave. 

c 

16-000 

32-000 

64-000 

128-00 

256-00 

512-00 

09 

16-947 

33-895 

67-790 

135-58 

271-00 

542  32 

D 

17-960 

35-920 

71-840 

143-68 

287-36 

574-72 

DS 

19-027 

38-055 

76-110 

152-22 

804-44 

608-88 

E 

20-159 

40-318 

80-636 

161-27 

322-54 

645-09 

F 

21-357 

42-715 

85-430 

170-86 

341-72 

683-44 

n 

22-627 

44-255 

90-510 

181-02 

362-04 

724-08 

G 

23-972 

47-945 

95-890 

191-78 

383-56 

767-12 

Gtf 

25-398 

50-797 

101-59 

203-19 

406-37 

812-75 

A 

26-908 

53-817 

107-63 

215-27 

430-53 

861-07 

A# 

28-508 

57-017 

114-03 

228-07 

456-13 

912-27 

B 

30-204 

60-409 

120-82 

241-63 

483-27 

906-54 

C 

32-000 

64-000 

128-00 

256-00 

512-00 

1024-0 

Example  5. — A  bell  has  to  be  cast  with  the  key-note  C  in  first  octave  below  zero ;  required  the 
diameter  D,  when  the  weight  =  6561  Ibs. 

We  find  in  this  case  n  =  64,  Table  n. 


.-.  [9],  Table  I.,  D  =  21'947 


•=  69-84  in. 


Example  6. — What  is  the  thickness  (S)  of  the  sound-bow  of  the  bell  in  Example  5,  D  =  69-84 ; 
n=>64? 

i  5-38  in. 


58000 
TABLE  III. 


58000 


Abscissa 

X. 

Ordinate  y. 

THICKNESS  OF  METAL. 

S  =  l. 

S  =  -07D. 

8  =  -075  D. 

S=  -08  D. 

1 

0-4142 

1 

•700 

•750 

•800 

1| 

0-686 

•800 

•560 

•600 

•640 

2 

0-867 

•653 

•459 

•490 

•522 

2* 

0-974 

•547 

•382 

•410 

•437 

3 

1-025 

•474 

•331 

•355 

•879 

3} 

1-030 

•423 

•295 

•317 

•838 

4 

1-000 

•380 

•266 

•285 

•804 

4J 

0-955 

•351 

•245 

•263 

•281 

5 

0-875 

•327 

•228 

•245 

•261 

5} 

0-775 

•301 

•211 

•226 

•241 

6 

0-665 

•291 

•203 

•218 

•233 

6} 

0-530 

•286 

•200 

•214 

•228 

7 

0-390 

•279 

•195 

•209 

•223 

7J 

0-235 

•272 

•190 

•204 

•217 

8 

0-075 

•267 

•186 

•200 

•213 

8-74 

0-780 

•333 

•233 

•250 

•266 

Example  7.— If  D  =  50  in.,  d  -  27  in.,  h  =  36,  and  S  =  4  • ,  what  ia  the  weight  (W)  of  the  boll  ? 
From  fin  Table  I.,  W  =  DdS  (-5  -  -0002816d)-f  -00375Ad»8  =  50  x  27  x  4  (4-9923968) 

+  393 -66  =  3092 -13936  Ibs. 

When  a  bell  is  to  be  constructed,  we  generally  have  the  weight  or  key-note  given,  the  diameter 
and  sound-bow  are  calculated  by  the  preceding  formulae  and  examples,  and  we  may  then  pro 
with  the  construction,  shown  in  Figs.  632,  633,  634. 

The  diameter  of  the  bell  at  the  mouth  is  divided  into  10  equal  parts,  called  strokes,  which  tli 
is  the  scale  and  measurement  for  the  construction. 

Shrinkage  to  be  allowed  for  Aths  of  an  inch  to  the  foot. 

The  section  of  a  bell  is  generally  laid  out  on  a  piece  of  board  represented  by  the  lim*  a,  b, <%  d, 
which  then  is  cut  out  and  used  for  turning  up  the  mould  for  the  bell.    1  he  board  should  b 
11  strokes  long,  and  2  •  5  strokes  wide.   Through  the  centre  of  the  board  draw  the  line  p,  q,  par 
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to  6,  c  •  bisect  the  line  p,  g,  and  set  four  (4)  strokes  from  the  bisecting  point  towards  each  end ;  divide 
the  strokes  into  halves,  and  number  them  as  shown  on  the  accompanying  drawing,  Fig.  G32.  Through 
each  division  draw  lines  at  right  angles  to  />,  q,  set  off  the  corresponding  ordinates  y  expressed  in 
strokes,  Table  III.,  and  join  them  by  a  curve-line,  which  then  will  be  the  centre  of  thickness  of 
metal  in  the  bell. 


632. 


635. 


634. 


633. 


At  the  end  of  the  first  ordinate,  as  a  centre,  draw  a 
circle  with  a  diameter  equal  to  the  desired  thickness  of 
the  sound-bow,  which  should  be  from  0  •  7  to  0  •  8  stroke. 
At  every  succeeding  ordinate  draw  a  circle  with  the 
diameter  noted  in  Table  III. :  for  instance,  if  the  thick- 
ness of  the  sound-bow  is  4J  in.,  then  the  thickness  of 
metal  or  diameter  of  the  circle  at  the  third  ordinate  will 
be  4-5  x  0-474  =  2- 133  in.;  but  if  the  sound-bow  is  0  •  7, 
0  •  75,  or  0  •  8  stroke,  the  thickness  of  metal  at  the  third 
ordinate  will  be  0-331,  0-355,  or  0'379  stroke.  When 
all  the  thicknesses  are  thus  drawn,  draw  the  two  lines 
tangenting  the  circles  on  each  side  of  the  centre  line  of 
the  metal. 

From  0  to  1  make  a  moulding  of  O'l  stroke  thick 
over  the  line,  as  shown  in  Fig.  633.  Prolong  the 
6J  ordinate,  and  set  off  1-79  stroke  to  e,  which  then  is 
the  centre  for  the  curve  on  the  top;  draw  the  are 
through  the  centre  of  the  small  circle  at  the  eighth  ordi- 
nate; join  e,  8,  set  off  from  e,  0'46  stroke  to  the  centre 
for  the  inside  curve  at  the  top. 

Thickness  of  metal  of  the  top  should  be  0-3  the 
Bound-bow  at  8,  and  0  •  333  at  r.  Draw  the  ordinate  at 
8-74,  set  off  0- 78  to  r,  join  r  and  the  abscissa  8-48,  and 
prolong  the  line  through  r ;  then  finish  the  drawing,  as 
shown  in  Fig.  632. 

When  the  board  is  cut  out  and  ready  for  turning  the 
mould,  it  must  be  carefully  set,  so  that  the  outside 
diameter  of  the  crown  will  be  half  the  diameter  of  the 
mouth  of  the  bell. 

This  form  of  bells  gives  the  greatest  possible  gravity  of  tone  with  the  least  possible  quantity  of 
metal.  Bells  can  be  made  almost  in  any  form  without  seriously  affecting  the  quality  of  tone ;  but 
the  thickness  of  metal  should  always  be  in  proportion  as  the  square  of  the  diameter,  taken  at  the 
centre  of  the  metal,  as  in  Fig.  634. 
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Bells. 

Key-Note. 

n. 

fc. 

S.in. 

I  '.in. 

W.lta. 

CUppfT. 

Tenor 
2nd 
3rd 
4th 
5th 
6th 

D 
E 
F8 

G 
A 
B 

71-84 
80-64 
90-51 
95-89 
107-63 
120-82 

0-070 
0-071 
0-072 
d-073 
0-075 
0-077 

3-95 
3-62 
3-32 
3-22 
3-08 
2-85 

56-5 
51-1 
46-1 
44-2 
40-5 
37-0 

3156 
2366 
1765 
1575 
12C2 
976 

•it 
63 
48-6 
37-2 
34-1 
28-1 
22-4 

7th 
Triple 

D 

135-58 
143-68 

0-079 
0-080 

2-67 
2-58 

33-8 
32-3 

763 
673 

18-2 
10-8 

Clapper.— The  weight  of  the  clapper  should  be  from  ^th  to  ^th  the  weight  of  the  bell  •  the 
smaller  bells  take  the  largest  clappers. 

The  tracing  of  bells  rests  upon  a  fixed  basis,  called  the  Sell-scale,  or  Jacob's  Staff,  the  result  of 
long  experience,  and  handed  down  from  generation  to  generation  among  founders.  It  depends  upon 
certain  proportions  which,  like  the  modules  in  architecture,  serve  to  regulate  and  to  harmonize  the 
different  parts  of  the  bell.  The  bow,  or,  in  other  terms,  the  thickest  part  of  the  bell,  constitute*  the 
principle  of  all  the  measurements. 

The  following  Table,  which  we  borrow  from  M.  Guettier's  work  on  Casting,  gives  the  diameter 
of  bells,  and  the  thickness  of  the  bow,  from  the  weight  of  3  kilos,  to  12,000  kilos.  It  ia  nothing 
more  than  a  scale,  presented  under  another  form  and  in  metrical  measure. 

TABLE  V. 


Weight 
of  Bells. 

Thickness 
of  Bow. 

Large 
Diameter. 

Weight 
of  Bells. 

Thickness 
of  Bow. 

Large 
Diameter. 

Weight 
of  Bells. 

Thlcknrm 
of  Bow. 

Large 
nUmeter. 

3 

•008 

•120 

200 

•047 

•705 

3500 

•123 

1-845 

4 

•on 

•165 

250 

•050 

•750 

4000 

•128 

1-920 

5 

•013 

•185 

300 

•055 

•825 

4500 

•134 

2  010 

6 

•015 

•225 

350 

•058 

•870 

5000 

•137 

2-055 

10 

•019 

•285 

400 

•060 

•900 

5500 

•141 

2-115 

15 

•021 

•315 

450 

•063 

•945 

6000 

•146 

2-190 

20 

•022 

•330 

500 

•065 

•975 

6500 

•150 

2-250 

25 

•023 

•345 

600 

•068 

1-020 

7000 

•154 

2-310 

30 

•025 

•375 

750 

•074 

1-110 

7500 

•158 

2-370 

35 

•027 

•405 

1000 

•081 

1-215 

8000 

•160 

2-400 

40 

•028 

•420 

1250 

•087 

1-305 

8500 

•164 

2-460 

45 

•029 

•435 

1500 

•093 

1-395 

9000 

•168 

2-520 

50 

•030 

•450 

1750 

•098 

1-470 

9500 

•170 

2-550 

75 

•034 

•510 

2000 

•103 

1-545 

10000 

•173 

2-5115 

100 

•037 

•555 

2250 

•108 

1-620 

11000 

•181 

2-715 

125 

•040 

•600 

2500 

•110 

1-650 

12000 

•190 

2-850 

150 

•043 

•645 

2750 

•114 

1-710 

175 

•045 

•675 

3000 

•117 

1-755 

63*. 


Several  methods  are  employed  for  tracing  bells.  The  one  mostly  used  in  France  gives  15 
thicknesses  of  the  bow  to  the  diameter,  7£  to  the  diameter  of  the  crown,  12  to  the  line  joining  the 
lower  ridge  of  the  bell  and  the  base  of  the  crown,  and  finally  32  to  the  great  radius  serving  to 
trace  the  profile  of  the  bell  proper.  Fig.  635,  where  each  line  of  construction  has  its  dinn  n.-imi 
marked — the  thickness  of  the  bow  being  taken  as  unity — will  be  sufficient  to  show  how  the  process 
is  carried  out. 

BELL-CKANK.    FB.,  Letter  bns<f;  GEB.,  Winkelhebcl ;  ITAL.,  Zanca ;  SPAN.,  CigutKa. 

An  iron  or  brass  lever  in  the  shape  of  a  quadrant  of  a  circle,  attached  to  an  iron  holdfast 
which  is  driven  into  a  wall,  receives  the  name  of  bell-crank,  because  it  is  used  to  connect  bell-wires 
at  the  angles  or  corners  of  a  room.  Any  rectangular  lever,  Fig.  636,  by  which  the 
direction  of  motion  is  changed  through  an  angle  of  90°,  is  termed  a  bell-crank. 

BELL-HANGING,  DOMESTIC.    FB.,  Pose  dea  sonnettcs ;  GEB.,  liefestigen  der  Glo- 
ckenzuge  in  den  Wohnhdusern ;  ITAL.,  Mettere  i  campanelli. 

The  art  of  domestic  bell-hanging  is  quite  modern.  It  is  believed  not  to  have 
been  in  practice  much  before  the  present  century.  Within  the  writer's  rooollootion 
it  was  usual,  in  even  the  best  houses,  to  expose  the  wires  to  view  along  the  walla  and 
ceilings,  in  the  angles  of  which  they  were  fixed,  sometimes  to  the  great  disnVurriiii  nt 
of  the  room.  Within  late  years  the  "secret  system"  of  bell-hanging  has  been  introduced,  which 
consists  in  carrying  the  wire  and  cranks  in  tubes  and  boxes  concealed  by  the  finishing  «>f  tin* 
walls.  The  tubes  are  usually  of  tinned  iron  or  zinc ;  but  they  ought  to  bo  citlirr  <>f  l-m**  «r  Mn-nj: 
galvanized  iron.  Zinc  is  not  to  be  depended  upon.  In  some  places  it  will  moulder  awty.  If  not 
soldered,  it  opens,  and  the  wires  work  into  the  joinings  of  the  tube,  which  stops  their  movement. 

The  proper  time  to  commence  bell-hanging  is  when  the  work  is  ready  for  lathing :  but  it  nhmild 
not  be  delayed  after  the  rough-cast  plastering  has  commenced.    If  the  work  be  performed  at  this 
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period,  it  enables  the  bell-hanger  to  see  his  way  more  clearly,  and  prevents  much  cutting  away  of 
the  plasterers'  work  afterwards. 

The  boll-board  is  usually  placed  in  some  conspicuous  place,  where  the  bells  can  be  both  seen  and 
heard  by  the  attendant.  It  should  be  painted  white,  and  each  bell  should  bo  designated  by  a  letter 
or  number  painted  on  the  board. 

BELL-METAL.  FB.,  Mttal  des  cloches;  GEB.,  Glockenmctall ;  ITAL.,  Lega  dclle  campanc ; 
Si  \v.  Metal  campanil. 

A  good  average  bell-composition  is  75  copper,  25  tin  ;  SO  of  tin  to  100  copper  is  also  a  good  pro- 
portion. Large  bells  are  cost  of  80  copper,  6  zinc,  10  tin,  4  lead.  A  very  fine  largo  bell  con.siVt.  d 
of  71  copper,  '26  tin,  2  zinc,  and  1  iron.  No  definite  ratios,  however,  between  the  metals  of  which 
bell-metal  is  composed  have  as  yet  been  established.  See  ALLOYS.  COPPER.  TIN. 

BELLOWS.     FR.,  Soutflct;  GER.,  Blasebalg ;  ITAL.,  Mantice ;  SPAN.,  Fuclle. 

A  bellotrs  is  an  instrument,  utensil,  or  machine  for  propelling  air  through  a  tube,  for  various 
purposes,  as  blowing  fires,  filling  the  pipes  of  an  organ  with  wind,  and  so  on.  The  common  bellows 
is  formed  of  two  boards,  Fig.  637,  with  a  skin  of  leather  I  nailed  to  their  edges  and  hanging  loosely 
between  them ;  thus  forming  a  sort  of  chamber,  which  is  capable  of  being  enlarged  or  contracted 
at  pleasure.  To  the  lower  board  is  fixed  a  metal  nozzle  n,  communicating  with  the  wind-chamber; 
and  this  board  is  also  furnished  with  a  clack-valve,  c,  for  the  admission  of  air. 

The  blast  obtained  by  means  of  the  common  bellows  is  intermittent ;  and  if  a  continued  Mast 
is  required,  a  bellows  with  a  double  chamber  and  an  additional  valve  is  necessary.  The  Ion-;  shape 
forge-bellows,  Fig.  638,  is  a  bellows  of  this  description,  having  an  extra  chamber  a  and  an  extra 
Talve  6.  The  centre-board  d  should  be  a  fixture ;  the  nozzle  connected  with  the  upper  chamber ;  the 
upper  board  loaded  or  made  of  heavy  materials,  and  the  lower  board  moved  when  in  use.  The  two 
valves  should  open  alternately. 


637. 


638. 


641. 


Fig.  639  shows  the  application  of  a  double-chambered  bellows  to  a  portable  forge,  a,  a  are  legs 
supporting  the  hearth  6 ;  c,  the  bellows  fastened  by  the  centre-board  to  the  legs  a,  and  worked  by 
the  handle  d  inserted  in  a  hook  at  the  top  of  the  lever  e.  By  depressing  the  handle  d,  the  lever 
e  lifts  the  bottom  flap  of  the  bellows,  which  falls  by  its  own  weight.  The  collapsing  of  the  upper 
flap  forces  the  blast  through  the  pipe  /  to  the  fire. 

Double-blast  bellows  are  frequently  mode  of  a  circular  shape.  Fig.  640  shows  this  arrange- 
ment. H  is  the  frame  supporting  the  bellows  E,  which  is  worked  by  the  handle  U  communicating 
with  the  lever  S.  p,  p  are  weights  attached  to  the  lower  board  o,  and  n  the  nozzle  fixed  to  the 
centre-board.  An  arrangement  for  obtaining  a  continuous  bloat  of  air  by  the  weight  and  easy 
movement  of  a  person  standing  on  two  bellows,  and  resting  his  weight  alternately  on  them, 
invented  by  Henry  Neumeyer,  is  shown  in  Fig.  641.  It  consists  in  constructing  two  bellows  B  B, 
connected  by  a  rope  C,  and  fastened  to  a  centre-board  A.  These  bellows  rising  and  falling  alter- 
nately, by  means  of  valves  properly  arranged  keep  the  wind-chamber  F  filled. 
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BELL-TKAP.    Fa.,  Pommelk  depuisard;  GEB.,  Host  im  Senkloch  ;  ITA   ,  Chiamea  a  ----- 
a  aria. 

A  small  stench-trap,  from  3  to  6  in.  diam.,  Fig.  642,  usually  fixed  over  the  waste-pipe  of  a  sink 
a         1' 


°r    £6l  "}•    •  *  a    T1'  v?Si*5!  *iruis  Prevented  from  ™«g  by  an  inverted  cup  or  bell,  the  lip 

of  which  dip  into  a  chamber  filled  with  water  surrounding  the 

top  of  the  pipe.  Ma. 

The  grating  to  which  the  bell  is  attached  should  never  be 
fastened  down,  as  the  opening  between  the  lip  and  side  of  the 
pipe  frequently  becomes  choked,  and  it  is  desirable  to  have 
the  means  of  freeing  it. 

The  bell  should  be  made  to  dip  deep  into  the  water,  to 
prevent  the  foul  air  escaping.  Imperfectly-constructed  bell- 
traps,  by  permitting  a  communication  from  the  sewer,  and 
so  contaminating  the  air  of  the  dwelling,  is  the  cause  of  more 
unhealthiness  to  the  occupants  than  is  commonly  supposed.  See  DRAINAGE  and  STENCH-TRAPS 

BELTS,  TRANSMISSION   OF  MOTION  BY  MEANS  OF.     FB.,   Courroie  :    GEB.    £iet 
Coreqgia  ;  SPAN.,  Cintura,  Correct, 

There  are  two  theories  upon  which  the  transmission  of  motion,  by  means  of  endless  belts  or 
cords,  are  founded.  The  first,  that  of  M.  Prony,  relative  to  the  sliding  of  a  cord  or  belt  upon  the 
surface  of  a  drum  ;  the  second,  that  of  Poncelet,  refers  to  the  variation  of  tension  in  the  two  parts 
of  the  belt  or  cord  employed  in  these  transmissions. 

Morin  proved,  by  special  experiments,  the  consequences  of  these  two  theories  ;  we  eive  a 
succinct  account  of  the  results  of  these  researches. 

In  explaining  the  first  of  these  theories,  with  respect  to  the  slipping  of  belts  upon  cylinders 
let  us  consider  a  belt  or  cord  enveloping  a  portion  of  the  surface  of  a  cylinder,  and  actod  upon  at 
one  end  by  a  power  P,  and  upon  the  other  by  a  resistance  Q, 
Fig.  643.  It  is  clear  that,  to  produce  slipping  of  the  belt,  the  6*3. 

power  P  should  be  equal  to  the  resistance  Q,  increased  by  the 
resistance  opposed  by  the  friction  of  the  cord  upon  the  surface  of 
the  cylinder.  Let  us  seek  to  determine  this  friction. 

For  this  purpose,  we  consider  the  two  consecutive  elements  a  b 
and  be  of  the  belt,  and  call  T  the  tension  of  the  cord  in  the 
element  a  6  ;  T'  the  tension  of  the  cord  in  the  element  6  c.  It  is 
evident  that  the  tension  1"  exceeds  the  tension  T  by  an  infinitely 
email  quantity  tf,  which  is  precisely  the  measure  of  the  resistance 
opposed  by  the  friction  ;  we  have  then  T'  =  T  +  t  ;  and  passing 
from  one  element  to  the  other,  from  the  point  n  of  contact  of  the 
direction  n  P,  where  T  =  P,  to  the  point  m  of  contact  of  the  direc- 
tion m  Q,  where  T  =  Q,  the  sum  of  all  the  increments  of  tension 
produced  by  the  friction  at  the  moment  of  slipping,  will  give  the  total  tension. 

The  friction  or  elementary  increase  of  tension  t  ,  from  the  element  a  6  to  the  element  6  c,  is 
produced  by  the  pressure  resulting  from  the  component  of  tension  T',  normal  to  the  surface,  which 
is  T  sin.  a,  calling  o  the  infinitely  small  angle  at  the  intersection  of  the  two  elements  a  b  and  be, 
or  simply  T  o,  since  T  differs  by  an  infinitely  small  quantity  from  T',  and  the  sine  a  from  a  ;  we 

g 
have  then  t  =  f.Ta  =  Tf  =?    f  being  the  ratio  of  the  friction  to  the  pressure. 

Xv 

The  sum  of  all  these  increments  of  tension,  taken  from  the  point  m,  where  T  =  Q,  to  the 
point  n,  where  T  =  P,  leads,  according  to  analysis  which  we  will  presently  discuss,  to  the  formula 

ft  1  * 

log.  P=  log.  Q  +  0-434/1,  or  P  =  Q  x  2'718/K  =  Q«  '*, 
It 

S  being  the  total  length  embraced  by  the  cord,  and  R  the  radius  of  the  circle. 

We  see  by  this  expression  that  the  tension  of  the  motive  power  increases  from  P  =  Q,  answering 

to  S  =  0,  proportionally  to  the  opening  of  the  angle  ^  ,  embraced  by  the  belt,  and  not  to  the 

absolute  extent  of  the  arc  ;  which  shows,  from  theoretic  considerations,  that  for  an  increase  of 
the  friction  of  slipping  of  cords  or  belts,  it  is  not  essential  to  enlarge  the  diameter  of  the  cyluuh-r, 
but  that  the  proportional  part  of  the  circumference  to  be  enclosed  should  be  increased. 

The  preceding  formula  relates  to  the  case  where  the  power  P  is  to  overcome  the  resistance  Q, 
and  consequently,  besides  this,  to  surmount  the  friction  of  the  cord  or  belt  upon  the  drum.  When, 
however,  as  is  frequently  the  case,  the  force  P  is  to  yield  to  the  force  or  weight  Q,  for  moderating 
its  action,  or  resisting  it  altogether,  as,  for  example,  in  the  lowering  of  goods,  the  friction  acU  in 
favour  of  the  force  P,  and  we  have 

log.  P  =  log.  Q  -  0-434/  .  |  ,  or  P  =  —  Q-^  . 

2-718/B 

Such  are  the  relations  which  theory  indicates  between  the  forces  P  and  Q,  the  arc  of  contact,  the 
radius  of  the  drum,  and  the  coefficient  of  friction.  It  remains  to  determine  by  experiment  the 
correctness  of  these  relations. 

Experiments  upon  the  Slipping  of  Cords  and  of  Belts  upon  the  Surface  of  Wooden  Drwnt,  and  of 
Cast-iron  Pulleys.  —  For  this  purpose  Morin  made  use  of  three  wooden  drums,  with  diameters 
of  2  -741  ft.,  1-338  ft.,  and  0-  328  ft.,  placing  them  horizontally  in  a  fixed  position,  so  that  they 
could  not  turn,  and  over  them  was  passed  a  belt  of  black  curried  leather,  nearly  new,  but  having 
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acquired  a  certain  pliability  from  previous  use.  Its  breadth  was  0-164  ft.,  and  thickness  0  •  173  ft. ; 
its  rigidity  seemed  so  feeble  that  Morin  found  himself  justified  in  neglecting  it  in  its  ratio  to  the 
f'rirt  i.iu  of  .-lipi'ini:  upon  the  surface  of  the  drum. 

The  two  strips  of  the  belt  hung  vertically  in  equal  portions  on  each  sido  of  the  dnim,  and  to 
each  of  them  was  attached  a  scale  to  receive  the  weights.  The  belt  weighed  5  •  06  Ibs.,  each  scale 
O'Slb. ;  consequently,  the  weight  of  each  strip,  of  equal  length,  was,  with  its  plate,  3* 03  Ibs. 
The  an'  piuhrnml  was  equal  to  the  semi-circumference.  At  first,  equal  weights  were  put  in  the 
scales,  then  gradually  was  added  to  one  of  them  the  weights  necessary  to  make  the  belt  slide  upon 
the  drum. 

We  see  from  this,  that  the  tension  Q  of  the  ascending  strip  was  equal  to  3 -03  Ibs.  plus  the 
weight  contained  in  the  corresponding  scale,  and  that  the  tension  P  of  the  descending  strip  was 
equal  to  Q  increased  by  the  weight  added,  over  and  above  the  primitive  load. 

This  established,  the  preceding  formula  becomes 


log.  P  =  log.  Q-f  0-434 /.       ,  =  log.  Q  +  O-434/x  3-1416, 

XV 


whence  we  deduce 


log.  P  -  log.  Q 
*  ~  0- 


log.  P  -  log.  Q 


•434x3-1416  1-363 

By  introducing  in  this  formula  the  values  of  P  and  Q  furnished  by  experiments,  we  are  enabled 
to  calculate  the  different  values  of  the  ratio  /  of  the  friction  to  the  pressure,  and  to  be  assured  that 
they  confirm  the  theoretic  consequences  which  we  have  unfolded. 

The  two  following  Tables  contain  the  results  of  the  experiments : — 

EXPERIMENTS  UPON  THE  FRICTION  OF  BELTS  UPON  WOOD  DRUMS. 


Width  of 
Belt. 

Condition  of  the 
Belt 

Diameter 
of  Drum. 

Length  of 
Arc 
embraced. 

TENSION  OF  THE  PABT. 

Ratio  of 
Friction  to 
Pressure,/1. 

Rising,  Q. 

Falling,  P. 

ft. 

ft. 

ft. 

Ibs. 

Om. 

(   14-060 

66-992 

0-497 

14-060 

64-786 

0-486 

0-164 

I      Dry       ) 

<  somewhat  > 
(       oily       j 

2-741 

4-306 

14-060 
,     36-114 
'     36-114 
36-114 

64-786 
167-341 
153-336 
151-461 

0-492 
0-488 
0-460 
0-458 

25-087 

111-102 

0-473 

I  25-087 

95-603 

0-426 

Mean 

0-472 

{14-060 

63-683 

0-472 

f      Dr7'       1 

14-060 

69-197 

0-458 

0-164 

<  somewhat  > 

1-338 

2-099 

14-060 

63-242 

0-507 

1       oily       j 

36-114 

140-875 

0-479 

36-114 

140-875 

0-433 

Mean 

0-462 

/   14-060 

73-608 

0-526 

14-060 

75-813 

0-541 

f      Dry,      ) 

25-087 

91-252 

0-411 

0-164 

{  somewhat  > 

0-328 

0-514 

,     25-087 

98-975 

0-438 

1       oily       j 

25-087 

94-560 

0-422 

36-114 

161-827 

0-477 

I.   36-114 

168-576 

0-490 

Mean 

0-472 

!  11  -911 

71-458 

0-570 

0-091 

(  Very  dry  ) 
<        and        > 
(      rough,     j 

2-741 

4-306 

11-911 
22-938 
22-938 
33-965 

72-560 
114-465 
104-541 
137-622 

0-575 
0-512 
0-483 
0-446 

33-965 

136-519 

0-443 

Mean 

•504 

General  Mean 


0-477 
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EXPERIMENTS  TTPOX  THE  FRICTION  OF  BELTS  OF  CCRRIED  LEATHEB  UPOK  CAST-IBON  PCLLETS. 


Breadth 
of 
Belt 

State  of  the 
Belt 

Diameter 
of  the 
Pulley. 

Arc 

embraced 
S. 

TEXSIOH  OF  STRIP. 

Ratio  of 
Friction  to 
Pressure/ 

Remarks. 

Ascending 

5 

Descending 
P. 

It. 

ft. 

ft 

Ibs. 

Ibe. 

14-060 

29-719 

0-338 

i      j)            \ 

14-060 

36-996 

0-308 

This  belt  was  old,  hav- 

0-164 

]    alittie    J 
(  unctuous  j 

2-000 

3-143 

14-060 
25-087 
36-114 

34-791 
64-566 
89-047 

0-288 
0-301 
0-282 

ing  been  used  a  long  time 
in  a  spinning-mill.  The 
pulley  was  not  turned. 

36-114 

82-436 

0-262 

Mean  .  . 

0-279 

14-060 

35-286 

0-300  \ 

0-164 

(      Dry,      ] 
]    alittie    [ 
[  unctuous  J 

2-000 

3-143 

25-087 
25-087 
36-114 
36-114 

61-478 
57-067 
80-224 
80-224 

0-285 
0-271  I 
0-2n4  / 
0-254 

This  belt  was  new.  The 
pulley  was  not  turned. 

58-170 

160-724 

0-323  ) 

Mean  .  . 

0-281 

14-060 

31-704 

0-259 

0-164 

f     Dry,     1 
J    alittie    | 
[  unctuous  j 

0-361 

0-566 

14-060 
25-087 
25-087 
36-114 

40-525 
59-273 
68-095 
81-828 

0-336 
0-273 
0-318 
0-259 

The  pulley  was  turned  ; 
its  width  was  only  -098  ft., 
and  so  reduced  the  slipping 
part  of  the  belt  to  -Ol'bft. 

36-114 

81-328 

0-259 

Mean  .  . 

0-284 

25-087 

68-095 

0-317 

0-164 

1  Moistened  ) 
with      I 

2-000 

3-143 

14-060 
14-060 
36-114 

43-834 
43-834 
114-410 

0-361 
0-361 
0-366 

water 

36-114 

127-643 

0-401 

47-142 

199-321 

0-458 

Mean  .  . 

0-377 

We  see  by  the  results  of  these  experiments,  in  which  the  arc  of  contact  varied  in  the  ratio  of 
8'3  to  1  nearly,  and  where  the  tension  has  reached  very  nearly  the  limits  assigned  to  the  belt* 
of  machinery,  that  the  value  of  the  ratio  /,  of  friction  to  the  pressure,  remained  very  nearly 
constant. 

The  three  first  series  of  the  first  Table  fully  confirm  the  theoretic  considerations.  The  fourth 
series  relates  to  a  belt  quite  new,  and  very  stiff,  and  to  this  we  attribute  the  small  increase 
presented  by  it  in  the  mean  value.  This  belt  having,  moreover,  only  a  width  of  -091  ft.,  or  about 
the  half  of  the  preceding,  we  see  that  this  last  series  confirms,  as  to  belts,  the  law  of  the  inde- 
pendence of  surface. 

In  the  experiments  of  the  second  Table,  the  extent  of  arc  embraced  varied  in  the  ratio  of  6  to  1. 
the  breadth  of  the  belt  pressed  against  the  pulley  in  that  of  2  to  1,  the  tension  from  1  to  3  and 
from  1  to  6,  and  still  the  value  of  the  ratio  /,  of  friction  to  the  pressure,  remained  sen*il>ly  r<>ii«t«nt, 
and  equal  in  the  mean,  for  the  dry  belt  and  dry  pulleys,  /  =  0*282.  When  the  pulley  WM 
moistened  with  water  we  had/  =  0-377. 

Conclusions. — In  considering  the  results  of  these  two  series  of  experiments  upon  the  friction  of 
belts  upon  wooden  drums  and  cast-iron  pulleys,  we  see  that  we  are  justified  in  admitting  that  the 
ratio  of  the  resistance  to  the  pressure  is : — 

1st.  Independent  of  the  width  of  the  belt  and  of  the  developed  length  of  the  arc  embraced,  or 
of  the  diameters  of  the  drums,  or,  what  amounts  to  the  same,  are  independent  of  the  surface  of 
contact. 

2nd.  Proportional  to  the  angle  subtended  by  the  belt  at  the  surface  of  the  drum. 

3rd.  Proportional  to  the  logarithm  of  the  ratio  of  the  tension  of  the  strips,  and  expreMd  by 
the  formula 

log. 
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Experiments  upon  the  Variation  of  the  Tension  of  f.'ndless  Cords  or  Rflts  tueti  in  Tranmitting  Motion. 
— We  pass  now  to  an  experimental  proof  of  the  theory  given  by  M.  Poncelet,  upon  the  ' 
of  motion  by  endless  corda  or  belts,  and  will  first  give  a  description  of  its  nature. 
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When  A  cord  or  belt  surrounds  two  pulleys  or  drums,  between  which  it  is  designed  to  maintain 
a  conjoint  motion,  care  is  taken  to  give  it  a  sufficient  tension,  which  is  usually  determined  by 
trial,  but  which  it  would  be  best  to  calculate,  as  we  shall  see  hereafter.  The  primitive  tension  is, 
at  the  commencement,  the  same  for  both  parts  of  the  belt  ;  and  this  equality,  established  in  repose, 
is  only  destroyed  by  the  friction  of  the  axles,  which  may  act  in  either  direction,  according  to  that 
of  the  motion  of  the  pulleys. 

Let  us  examine  how  this  motion  is  transmitted  in  such  a  system.    Let  C  be  the  motive  drum  ; 
C'  the  driven  drum  ;  T,  the  primitive  tension  common  to  the  parts  A  A'  and  B  B'  of  the  belt,  from 
the  moment  when  the  drum  0  begins  to  turn  until  it  commences  to  turn  the 
drum  C'.  644- 

The  point  A  of  primitive  contact  of  the  part  A  A'  advances,  in  separating 
from  the  point  A',  in  the  direction  of  the  arrow  ;  the  strip  A  A'  is  stretched,  and 
its  tension  increased  by  a  quantity  proportional  to  this  elongation,  according  to 
a  general  law  proved  by  experiment  upon  traction.  —  (See  Lessons  upon  '  ];<^t- 
ance  des  Materiaux.')  At  the  same  tune,  the  point  B  of  contact  of  the  part  B  B' 
approaches  by  the  same  quantity  towards  the  point  B',  so  that  the  portion  B  B' 
is  diminished  by  a  quantity  equal  to  the  increase  of  that  of  A  A'.  If,  then,  we 
call  T  the  tension  of  the  driving  portion  A  A',  at  the  instant  of  its  being  put 
in  motion,  T'  the  tension  of  the  driven  part  BB',  t  the  quantity  by  which  the 

Erimitive  tension  T,  is  increased  in  the  portion  A  A',  and  diminished  in  the  part 
B1,  we  shall  have  T  =  T,  +  t,  and  T'  =  T,  -  t,  and  consequently  T  +  T'  =  2  T,. 
Then,  at  any  instant,  the  sum  of  the  two  tensions  T  and  T'  is  constant  and 
double  the  primitive  tension. 

Now  it  is  evident  that  in  respect  to  the  driven  drum  C'  the  motive  power  is 
the  tension  T,  and  that  the  tension  T'  acts  as  a  resistance  with  the  same  lever 
arm,  so  that  the  motion  is  only  produced  and  maintained  by  the  excess  T  —  T' 
of  the  first  over  the  second  of  these  tensions. 

If  the  machine  is,  for  example,  designed  to  raise  a  weight  Q  acting  at  the 
circumference  of  an  axle  with  a  radius  R',  it  is  easy  to  see,  according  to  the  theory  of  moments, 
that  at  any  instant  of  a  uniform  motion  of  the  machine  we  must  have  the  relation 

(T-T')R  =  QR'+/Nr, 
N  being  the  pressure  upon  the  journals,  and  r  their  radius. 

The  pressure  is  easily  determined  ;  for  calling  a  the  angle  formed  by  the  directions  A  A'  and 
B  B'  of  the  belts  with  the  line  of  the  centres  C  C',  M  the  weight  of  the  drum,  we  see  immedi- 
ately that  N  =  VlM  +  Q  +  (T  -  T')  sin.  a]2  +  (T  -f  T')  cos.  2  a,  an  expression  which,  according 
to  the  algebraic  theorem  of  M.  Poncelet,  has  for  its  value  a  fraction  equal  to  -^  nearly,  when  the 
first  term  under  the  radical  is  greater  than  the  second,  N  =  0'96  [M  +  Q  +  (T  —  T')  sin.  a]  +  0'4 
(T  +  T')  cos.  a.  This  value  of  N  being  introduced  into  the  formula  for  equality  of  moments,  we 
have  a  relation  containing  only  the  values  of  the  resistance  Q  and  of  the  tensions.  But  as  it 
may  be  somewhat  complicated  for  application,  observing  that  in  most  cases  the  influence  of  tho 
tensions  T  and  T'  upon  the  frictions  will  be  so  small  that  it  may  be  neglected,  at  least  in  a  first 
approximation,  we  proceed  as  follows  : 

First,  neglecting  the  influence  of  the  tensions  upon  the  friction,  we  have  simply,  in  the  actual 
case,  N  =  M  +  Q,  and  consequently  (T  —  T')  R  =  Q  R'  +  /  (M  +  Q)  r,  whence  we  deduce 


> 

Jf 

which  furnishes  a  first  value  for  the  difference  of  tensions,  which  is  the  motive  power  of  the 
apparatus. 

But  this  is  not  sufficient  to  make  known  these  tensions,  and  it  is  necessary  to  determine  the 
primitive  tension  T',  so  that  in  no  case  the  belt  may  slip. 

According  to  the  theory  of  M.  Prony,  we  have,  at  the  instant  of  slipping,  between  the  tension, 

Q 

T  and  T'  the  relation  T  =  T'  x  2  '718  +  /  =?  T'  =  K  T',  the  number  K  being  a  quantity  depend 

K 

g 
ing  upon  the  nature  and  condition  of  the  surfaces  of  contact,  as  well  as  upon  the  angle  — 

embraced  by  the  belts  upon  the  drum  C'.  These  quantities  are  known,  and  we  may  in  each  case 
calculate  the  value  of  K  by  this  formula,  or  take  it  from  the  following  Table,  which  answers  to 
nearly  all  the  cases  in  practice. 

By  means  of  this  Table,  we  shall  have  then  the  value  of  T  =  K  T',  and  consequently  T  —  T' 
—  (K  —  1)  T'  =  Q,  Q  representing  the  greatest  value  which  the  difference  of  tensions  should 
attain  to  overcome  the  useful  and  passive  resistances. 

From  this  relation  we  may  derive  the  smallest  tension  to  be  allowed  to  the  driven  portion  of 

the  belt  to  prevent  its  slipping  :  we  thus  have  T'  =  • 

We  should  increase  this  value  by  -j^  at  least,  to  free  it  from  all  hazard  of  accidental  circum- 
stances, and  to  restore  the  account  of  the  influence  of  the  tensions  upon  the  friction,  which  was 

neglected.    This  established,  we  have  T  =  Q  -f  -        —  ,  and  consequently 

K.  —  r 

_  T  +  T'       1  K  +  l 

~2~   ~  2  K^i  y- 
All  the  circumstances  of  the  transmission  of  motion  will  then  be  determined. 
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If  these  first  values  of  T,  T',  and  T,  are  not  considered  as  sufficiently  correct,  we  may  obtain 
a  nearer  approximation  by  introducing  them  in  the  value  of  the  pressure  N,  and  thus  deduce  i 
more  exact  value  of  Q,  which  will  serve  to  calculate  anew  T',  then  T  and  T,. 


Ratio 

VALOI  OP  TH«  RATIO  K. 

of  the  Arc 
embraced  to 
the  Circum- 
ference. 

New  Belts 
upon 
Wooden 
Drums. 

Belts  in  usual  Condition. 

Moistened 
Belt*  upon 
Cast-iron 
Pulleys. 

Cords  upon  Wo 

Ai 

•den  Drums  or 

M. 

Upon  Wooden 
Drums. 

Upon  Cast- 
iron  Pulleys. 

Rough. 

Smooth. 

0-20 

1-87 

1-80 

1-42 

1-61 

I'gJ 

1-51 

0-30 

2-57 

2-43 

1-69 

2-05 

2-57 

l  -86 

0-40 

3-51 

3-26 

2-02 

2-60 

3-51 

2-29 

0-50 

4-81 

4-38 

2-41 

3-30 

4-81 

2-82 

0-60 

6-59 

5-88 

2-87 

4-19 

6-58 

3-47 

0-70 

9-00 

7-90 

3-43 

5-32 

9-01 

4-27 

0-80 

12-34 

10-62 

4-09 

6-75 

12-34 

5-25 

0-90 

16-90 

14-27 

4-87 

8-57 

16-90 

6-46 

1-00 

23-14 

19-16 

5-81 

10-89 

23-90 

7-95 

1-50 

.. 

.. 

.. 

111-31 

22-42 

2-00 

.. 

.. 

.. 

535-47 

63-23 

2-50 

•• 

•• 

•• 

2574-80 

178-52 

Experiments  upon  the  Variations  of  Tensions  of  Endless  Belts  employed  for  the  Transmission  of  Notion. 
— To  verify  by  experiment  the  exactness  of  these  considerations,  Morin  placed  vertically  above  the 
axis  of  a  hydraulic  wheel,  and  of  a  pulley  mounted  upon  its  axle,  a  cylindrical  oak 
drum,  2'74  ft.  in  diameter,  and  whose  axis  was  9 -84  ft.  from  that  of  the  wheel. 
Around  this  drum  A'  B',  and  the  pulley  A  B,  was  passed  a  belt  which,  instead  of 
being  in  one  piece,  was  in  two  parts,  joined  at  each  end  by  a  dynamometer,  with  a 
plate  and  style,  of  a  force  of  441  Ibs.  Moreover,  these  dynamometers  were  easily 
secured  in  positions  such  that  that  of  the  descending  portion  of  the  belt  was  ncnr 
the  upper  drum,  and  that  of  the  ascending  near  the  lower  drum.  Thus  the  belt 
could  be  moved  over  a  space  of  6  •  56  ft.  without  the  risk  of  the  instruments  being 
involved  with  the  drums. 

A  thread  wound  several  times  around  the  circumference  of  one  of  the  grooves 
of  the  plate  of  each  of  the  dynamometers,  and  attached  by  the  other  end  to  a  fixed 
point,  caused  the  plate  to  turn  when  the  apparatus  was  in  motion,  and  the  paper 
with  which  the  plate  was  covered  received  thus  the  trace  of  the  style  of  the 
dynamometer. 

The  belt  being  passed  over  the  two  drums,  the  tensions  of  the  parts  were 
varied  at  will  in  either  direction,  by  suspending  at  the  circumference  of  the  upper 
drum  a  plate  Q  charged  with  weights.     As  to  the  primitive  tension,  it  was 
increased  by  bringing  nearer  together  the  ends  of  the  belt,  or  in  diminishing  it*  length  before  the 
experiment. 

The  apparatus  being  thus  prepared  for  observations,  before  loading  the  plate  Q,  we  traced  the 
circles  of  flexure  of  each  of  the  dynamometers,  so  as  to  have  the  tensions  of  the  belt  at  rest,  and  to 
obtain  by  their  sum  the  double  of  the  primitive  tension  T,.  We  may  conceive  that  these  t«<>  t> n- 
sions  can  never  be  quite  equal ;  but  that  is  not  important,  inasmuch  as  we  have  to  deal  only  with 
their  sum. 

This  obtained,  we  load  the  plate  with  a  weight  which,  being  suspended  upon  the  circumference 
by  a  cord  of  a  diameter  equal  to  the  thickness  of  the  belt,  has  the  same  lever  arm  as  the  tenmons. 
That  part  of  the  belt  opposed  to  this  weight  is  stretched,  and  the  part  on  the  same  side  is  slack- 
ened, and  we  trace  the  new  curves  of  the  flexure  of  the  dynamometers. 

For  the  same  primitive  tension  we  may  make  a  series  of  experiments  up  to  the  motive  weight, 
under  the  action  of  which  the  belt  slides  upon  either  drum. 

In  these  experiments  facilities  were  afforded  for  allowing  the  two  drums  to  turn  a  <vrtnin 
amount  under  the  action  of  the  tensions,  so  that  we  could  realize  the  three  case's  in  praot !<•••.  t<> 
wit,  that  of  the  variation  of  tensions  before  motion  was  produced,  that  of  the  variation  during 
motion,  and  finally,  that  of  the  slipping. 

The  belt  used  in  these  experiments  was  very  pliable,  soft,  and  little  liable  to  bo  polished  in  dipping. 
In  calculating  the  ratio  of  the  friction  to  the  pressure  for  this  belt,  by  means  of  experiment!  3, 13, 
and  19,  we  find  respectively/  =  0-578,/  =  0-596,  and/  =  0-544,  the  mean  being/  =  0-573. 

Remarks  upon  the  Results  contained  in  the  following  Table. — Wo  see  that  the  first  line  of  each 
series  corresponds  to  the  case  where  there  was  no  additional  weight,  and  where  each  portion  «>f  th« 
belt  took  the  primitive  pressure  corresponding  to  the  distance  apart  of  the  axes.  Aa  the  weight 
suspended  from  the  drum  was  increased,  the  tension  of  one  of  the  strips  was  inoreaspd,  and  that  <>f 
the  other  was  diminished ;  but  so  that  their  sum  remained  constant,  as  Li  shown  by  the  fifth  column 
of  the  Table. 

These  results,  which  completely  confirm  the  theory  of  M.  Poncelet,  being  relative  to  tenaiona 
whose  sum  reaches  198  Ibs.  and  more,  where  the  greatest  rise  as  high  as  169  Ibs.,  and  the  nmall«it 
fall  as  low  as  11  Ibs.,  comprise  nearly  all  the  cases  in  practice,  and  show  that  this  theory  may  with 
safety  be  applied  to  the  calculation  of  transmission  of  motion  by  belts. 
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EXPERIMENTS  UPON  THE  VARIATION  OF  THB  TENSIONS  OF   EjjnLF.SS  BELTS  EMPLOYED  IN 
TRANSMITTING   MOTION   BY    PULLEYS   OR    I)lU  MS. 


Number 

of 

Expert- 
mrnu 

Weight 
suspended 
•l  the 
Circuni  fereocG. 

TENSION  OP  TUB  PAKT. 

Sum  of  the 
Tensions, 
T  +  T=T|. 

Remarks. 

Rising  or 
stretched.  T. 

Descending  or 
Blackened.  T'. 

Ibs. 

Ibs. 

Ibs. 

Ibs. 

1 

o-oo 

88-57 

32-84 

71-41 

2 

44-61 

60-07 

12-84 

72-91 

3 

69-55 

63-14 

10-19 

73-33 

The  belt  slipped. 

4 

o-oo 

64-86 

57-41 

122-27 

5 

22-56 

75-09 

46-82 

121-90 

6 
7 
8 

44-61 
66-67 
97-54 

84-51 
97-96 
109-92 

36-26 
24-17 
20-76 

120-77  } 
122-13  } 
130-67  } 

The  dynamometers  moved 
about  3  -28  ft. 

9 

o-oo 

73-73 

62-32 

136-05  ) 

10 

55-64 

99-00 

41-53 

140-53   } 

Ditto        ditto. 

11 

110-78 

117-77 

20-38 

138-15  j 

12 

o-oo 

66-91 

57-94 

124-85 

13 

115-19 

103-78 

15-86 

119-64 

The  belt  slipped. 

14 

o-oo 

107-53 

98-91 

206-44 

15 

55-64 

130-05 

70-26 

200-31 

1C 

110-78 

157-02 

47-57 

204-59 

17 

o-oo 

97-24 

88-75 

185-99 

18 

110-78 

154-29 

40-78 

195-07 

19 

174-23 

170-67 

43-42 

214-09 

Ditto        ditto. 

20 

o-oo 

86-72 

71-34 

158-06 

21 

88-72 

134-84 

44-17 

179-01* 

•  Besides  the  load  Q,  there  was  suspended  to  the  main  circumference  of  the  floats  of  the  wheel,  at  6  •  05  ft  from  the 
axis,  a  weight  of  22-56  Ibs.,  which  broke  the  equilibrium. 

In  conclusion,  we  would  add  that  belts  designed  for  continuous  service  may  be  made  to  bear  a 
tension  of  0-551  Ib.  per  -0000107  sq.  ft.,  or  -00155  sq.  in.  of  section,  which  enables  us  to  deter- 
mine their  breadth  according  to  the  thickness. 

We  give,  from  the  'Journal  of  the  Franklin  Institute'  (1868),  an  account  of  the  experiments 
and  comparisons  of  Robert  Briggs  and  H.  R.  Towne,  relative  to  the  transmission  of  force  by  belts 
and  pulleys.  The  results  so  independently  obtained  by  these  investigators  will,  we  have  no  doubt, 
be  useful  to  those  engaged  in  the  construction  and  working  of  machinery. 

R.  Briggs  observes : — "  There  are  few  mechanical  engineers  who  have  not  been  frequently  in 
want  of  tabular  information  or  readily  applicable  formulas,  upon  which  they  could  place  reliance, 
giving  the  power  which,  under  given  conditions  and  velocity,  is  transmitted  by  belts  without 
unusual  strain  or  wear.  The  formula  of  the  belt  or  brake  is  well  known  and  simple ;  and  it  is  only 
necessary  to  acknowledge  and  adopt  a  value  for  the  coefficient  of  friction  (or  of  adhesion,  which  is 
perhaps  the  better  term),  to  allow  this  formula  to  be  applied  in  daily  use.  And  this  coefficient  of 
friction  has  been  carefully  established  by  the  experiments  of  General  Morin  and  M.  Prony,  and  has 
been  made  available  to  English  and  American  engineers,  by  the  translation  of  Bennett.  It  must 
be  remarked  that  there  are  some  mistakes  in  the  text  of  Bennett's  translation,  which  will  lead  to 
serious  errors,  unless  read  by  a  careful  investigator. 

"  With  every  point  needed,  therefore,  at  the  command  of  the  engineer,  it  is  somewhat  surprising 
that  a  more  extensive  publication  and  general  use  of  the  data  has  not  followed. 

"  But  notwithstanding  the  existence  of  this  correct  mathematical  and  experimental  information, 
the  numerous  tables  which  have  been  given  by  mechanical  engineers  appear  to  have  had  only  that 
kind  of  practical  basis  which  has  come  from  guessing  that  an  engine  or  a  machine,  either  the 
driving  or  the  driven,  with  a  belt  of  given  width,  was  producing  or  requiring  some  quantity  of 
power,  which  might  be  expressed  in  terms  generally  without  any  stated  arc  of  contact." 

The  terms  referred  to  are  vulgarly  called  foot-pounds,  but  should  be  nominated  units  of  work. 
See  PRINCIPLE  OF  WORK. 

"  Three  rules  given  by  practical  mechanics  vary  so  much,  as  to  give  as  bases  for  estimate 
(without  regard  to  arc  of  contact)  0'76  horse-power,  0'93  horse-power,  and  1'75  horse-power, 
respectively,  for  the  power  of  a  belt  1  in.  wide  running  1000  ft.  per  minute. 

"  It  was  the  requirement  to  know  the  exact  useful  effect  of  a  novel  disposition  involving  an 
unusual  small  arc  of  contact  of  the  belt  upon  the  pulley,  where  much  embarrassment  would  result 
if  the  application  proved  itself  unsatisfactory,  that  led  to  the  present  inquiry.  As  the  writer  was 
not  able  to  give  the  time  demanded  for  making  such  experiments  as  would  establish  the  practical 
coefficient  of  adhesion,  he,  Briggs,  suggested  what  was  desired  to  H.  R.  Towne ;  and  the  numerous 
experiments,  of  which  he  gives  the  accompanying  report,  are  the  result  of  the  labour  and  care  of 
H.  R.  Towne. 
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"  It  was  not  until  after  the  experiments  were  completed,"  says  H.  R.  Towne,  "that  either  he 
or  R.  Briggs  knew  of  the  publication  of  M.  Prony  or  General  Morin,  although  Becnett'd  translation 
rested  upon  the  shelves  of  the  writer's  library;  but,  aside  from  the  gratification  which  we  fed  at 
the  corroboration,  we  think  the  reader  of  this  article  will  be  pleased  to  know  that  our  dat 
founded  upon  the  ordinary  pulleys  and  belts  of  the  workshop,  and  our  experiments  were  not  im- 
paired by  any  niceties  which  common  workmen  would  not  apply. 

"Even  the  crudeness  of  our  experimental  apparatus,  and  the  general  not  over-exact  method 
adopted,  will  serve  to  demonstrate  to  the  minds  of  practical  men  the  possibility  of  reiving  upon 
figures  which  have  been  established  so  nearly  in  accordance  with  the  customs  of  the  workshop." 

We  have  before  shown  that  ^  =  «    7,  or,  -9  :  =  €  ''  ,  where  c  is  the  base  of  hyperbolic 

logarithms;  T,  =  the  tension  of  the  belt  on  the  tight  side  ;  T,  =  the  tension  of  the  belt  on  the 
loose  side  ;  /  =  the  coefficient  of  friction  ;  r  =  radius  of  pulley  ;  and  /  =  the  length  of  the  arc  of 
contact.  We  can  further  transform  this  equation,  by  substituting  the  ratio  of  the  angle  in  degree* 
for  the  length  of  contact  on  the  arc,  compared  to  the  radius,  e  =  2-718281828. 

Zrir  /2rir\       T  /81rg 

Thus  360"  =  SXG  °f  10>  let  '  =  a  ("360")  •'•  f1  =  e    "*  '  and  takins  the  numen<»l  values  of 

€,  ir,  and  dividing  out  the  360,  .-.  ^  =  2-718°'017456^a 

T 


•••  log-  =  0-4343  (0-017456  /a),  [1] 

.'.  log.  T,  —  log.  T,  =  0-00758  fa 

...        =  10.0-00758/0,  [2] 


•  f  = 

"  J 


0-00758o 
As  we  assumed,  P  =  T,  —  Tt.    .-.  T2  =  T,  —  P,  which  inserting  in  equation  [2] 

T,  0-00758/a 

•'•  = 


The  third  equation  is  the  one  to  which  we  would  now  call  attention.  By  it,  for  any  given  values 
for  the  ratio  —,  we  can  determine  the  coefficient  of  friction,  when,  by  experiment,  we  have  fixed 

the  greatest  difference  of  the  two  strains  without  slipping  on  a  pulley  with  a  given  arc  (measured 
by  a)  of  contact. 

We  would  here,  says  the  experimenter,  make  a  very  important  observation,  which  forms  the  key 
of  the  whole  system  of  transmission  of  force  by  belts.  In  practice,  all  belts  are  worked  at  the  maximum 
coefficient  of  friction.  A  belt  may,  when  new  or  newly  tightened,  work  under  heavy  strain,  and 
with  a  small  coefficient  of  friction  called  into  action  ;  but  in  process  of  time  it  becomes  loose,  and 
it  is  never  tightened  again  until  the  effort  to  perform  its  task  is  greater  than  the  value  of  the  coeffi- 
cient with  a  given  tension  of  belt  and  the  belt-slips.  We,  says  Briggs,  run  our  belts  as  alack  as 
possible,  so  long  as  they  continue  to  drive. 

It  has  been  shown  that  the  value  of  T,  -f  T2,  or  the  sum  of  the  strains  upon  the  two  sides  of  a 
belt  (loose  and  tight),  is  a  constant  quantity  —  that  is,  when  a  belt  is  performing  work  it  will 
become  loose  on  the  one  side  to  the  exact  amount  that  it  is  strained  on  the  other,  and  when  at  reat, 
not  transmitting  force,  the  tensions  will  become  equal,  and  their  sum  be  the  same  as  before.  It  la 
manifest  that  the  limit  of  the  strength  of  a  belt  is  found  in  the  maximum  tension  T,  and  that  thin 
strength  being  known,  the  effective  pull  (P)  is  further  limited  with  any  given  arc  of  contact  bj 
the  value/,  of  the  coefficient  of  friction. 

The  discussion  has  so  far  been  limited  to  the  pull  exerted  by  a  belt  ;  when  we  would  inrliidn 
the  power  which  belts  will  transmit,  we  have  only  to  multiply  the  pull  by  some  given  or  assumed 
velocity,  to  transform  our  equations  into  work  performed. 

By  means  of  the  third  equation,  we  will  now  deduce  a  value  for  the  coefficient  of  friction  ns 
given  by  the  experiments. 


All  the  experiments  were  with  the  arc  of  contact  =  180°  =  o,  which,  substituting  /  =  JT 
and  the  result  of  168  separate  experiments  has  given,  under  tensions  of  T,  from  7  to  110  lb«.  to  an 

m  i__    c  .  004 

inch  of  width  of  belt,  ^  =  6-294.     .-.  /  =  -    .'oV     =  0-5833.     Bennett's  Morin,  page  806, 
T[253,  give*/  =  0-573.    ' 
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In  this  ease  T.  has  in  all  cases  been  BO  much  in  excess  of  T,,  as  to  slip  the  belt  at  a  defined, 
alow,  but  not  accelerating,  motion. 

From  an  examination  of  the  report  of  the  experiments,  we  think  the  reader  will  coincide  with 

f 
our  conclusion  that  -^  of  this  value  of  -  -  can  be  taken  as  a  suitable  basis  for  the  working  friction 

or  adhesion  which  will  cover  the  contingencies  of  condition  of  the  atmosphere  as  regards  tempera- 

fW\  l/\«y     Q  •  77^* 

ture  and  moisture;  or  7=^-  =  3 -7764  (maximum  practical  value)  .-./  = 


1-3644 

It  should  bo  noted  that  the  experiments  were  made  without  any  appreciable  velocity  of  belt, 
and  throughout  this  paper  no  regard  has  been  paid  to  the  effect  of  velocity  or  of  the  dimensions 
of  the  pulleys  upon  the  value  of  the  coefficient  of  friction. 

For  pulleys  less  than  12  in.  diameter  (with  the  belts  of  the  ordinary  thickness  of  about  -fljths  in.), 
and  for  velocities  exceeding  about  1000  ft.  a  minute,  allowance  must  be  made  for  the  rigidity  of 
the  belt  in  the  one  case,  and  for  the  interposition  of  air  between  the  pulley  and  the  belt  in  the  other. 
At  high  speeds,  say  3000  ft.  velocity  of  belt  a  minute,  the  want  of  contact  can  be  seen,  some- 
times, to  the  extent  of  one-third  the  arc  encompassed  by  the  belt.  Briggs  has  proposed  to  place  a 
deflector  or  stripper  near  the  belt,  to  take  off  the  stratum  of  air  moving  with  it,  but  has  never  tried 
the  experiment,  although  he  has  little  doubt  of  its  giving  some  advantage. 

The  experiments  further  show  that  200  Ibs.  to  an  inch  of  width  of  belt  is  the  maximum  strength 
of  the  weakest  part — that  is,  of  the  lace-holes.  Taking  this,  with  a  factor  of  safety  at  one-tliinl, 
we  have  the  working  strength  of  the  belt,  or  the  practical  value  for  T,  =  66|  IDS.  Bennett's 
Morin,  page  306,  5  253,  gives  55  •  1  Ibs.  the  inch  of  width  as  admissible.  In  the  case  when  belts  are 
spliced  instead  of  laced,  a  great  increase  of  strength  has  been  shown,  the  experiments  giving 
380  Ibs.  to  an  inch  of  width,  or  125  Ibs.  safe  working  strength. 

If  we  insert  these  values  of/  and  T,  in  [4], 

.-.  P  =  66}  (l  -  10  -  °'0078  x  °'42292  ft) 

.•.P  =  66f(l-10-°-003206a)  [5] 

This  equation  [5]  is  the  really  important  one  in  practice,  and  by  means  of  logarithms  can  be 
solved  for  any  values  of  a°  readily ;  but  as  some  of  those  who  may  wish  to  use  it  may  not  be  at 
once  prepared  to  use  the  logarithmic  notation,  from  want  of  use  or  practice,  we  give  an  example. 
Suppose  we  take  an  angle  of  90°,  the  negative  exponent  then  becomes  —  0  •  003206  x  90  =  —  0  •  28854 ; 

subtracting  this  from  1,  we  have  — 1-71146.    This  term  thus  becomes  10  ~~  .    Now  this 

expression  is  only  the  notation  for  anti-logarithm  —  1-71146,  or  in  words  the  number  for  which 
—  1-71146  is  the  logarithm.     Logarithmic  tables  give  this  number  =  0-51505,  and  the  equation 

(_     f\  •  AfiQOAfi  \/  QA\  /  1  •  71 1  J.n\ 

1-10  *")=  66|(l-10~J         *°;  =  66|  (1-0- 51505)  =  66|  x  0-48495. 

/.  P  =  32-33. 

The  largest  possible  angle  for  an  open  belt,  without  a  carrier  or  tightener,  is  180°,  as  upon 
either  the  driving  or  the  driven,  pulley  this  cannot  be  exceeded ;  but  for  crossed,  or  carried,  or 
tightened  belts,  the  angle  may  be  as  large  as  270°. 

Briggs  and  Towne  give  the  following  Table  of  results  for  different  arcs  of  contact  (correspond- 
ing to  a°)  within  the  usual  limits  of  practice. 

TABLE  I. — STRAIN  TRANSMITTED  BY  BELTS  OF  ONE  INCH  WIDTH  UPON  PULLEYS  WHEN  THE 

ARCS  OF  CONTACT  VARY  AS  THE  ANGLES  OF 

90°  100°          110°          120°          135°          150°          180°          210°  240°  270° 

Ibs.  Ibs.  Ibs.  Ibs.  Ibs.  Ibs.  Ibs.  Ibs.  Ibs.  Ibs. 

32-33        34-80        87'07        39'18        42-06        44'64        49'01        52-52         55-33  57'58 

If  we  suppose  the  pulley  to  be  1  ft.  in  diameter,  and  to  run  some  number,  N,  of  revolutions  a 
minute,  we  have  the  power  transmitted  =  N  *•  P. 

And  we  give  the  following  Table  for  different  arcs  of  contact  (corresponding  to  a°)  within  the 
usual  limits  of  practice. 

TABLE  II. — POWER  TRANSMITTED  BY  BELTS  ON  PULLEYS  ONE  FOOT  IN  DIAMETER  ONE  REVOLUTION 
A  MINUTE.    ARCS  OF  CONTACT  OF  BELTS  UPON  PULLEYS  CORRESPONDING  TO  THE  ANGLES  : 


Inches  of 
Width 
of  Belt. 

90° 

100° 

110° 

120° 

135° 

150° 

180° 

210° 

240° 

270° 

foot-lbs. 

foot-lbs. 

foot-lbs. 

foot-lbs. 

foot-lbs. 

foot-lbs. 

foot-lbs. 

foot-lbs. 

foot-lbs. 

foot-lbs. 

1 

102 

109 

116 

123 

132 

140 

154 

165 

174 

181 

2 

203 

219 

233 

246 

264 

280 

308 

330 

348 

361 

3 

305 

328 

349 

369 

396 

420 

462 

495 

521 

542 

4 

406 

437 

466 

492 

528 

560 

616 

660 

695 

723 

5 

508 

547 

582 

615 

660 

701 

770 

825 

869 

904 

6 

609 

656 

699 

738 

792 

841 

924 

990 

1043 

1084 

7 

711 

766 

815 

861 

924 

982 

1078 

1155 

1217 

1265 

8 

813 

875 

932 

985 

1056 

1122 

1232 

1320 

1391 

1446 

9 

914 

984 

1048 

1108 

1188 

1262 

1386 

1485 

1564 

1626 

10 

1016 

1094 

1165 

1231 

1321 

1402 

1540 

1650 

1738 

1807 
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The  application  of  Table  II.  to  any  given  cases  of  known  angle  of  the  are  of  contact  width  of 
belt  in  inches,  diameter  of  pulley  in  feet,  and  number  of  revolutions,  is  simply  to  take  the  figures 
from  the  Table  for  the  first  two,  and  multiply  by  the  two  succeeding  conditions,  to  obtain  the  foot- 
pounds of  power  transmitted. 

These  experimenters  take  the  following  examples  :—  1st.  Bchenck  (of  New  York)  found  nn 
18-in.  wide  belt  running  2000  ft.  a  minute,  the  pulleys  being  16  ft.  to  G  ft.,  would  give  40  horse- 
power, with  ample  margin  (one-fourth). 

If  we  take  the  distance  from  centre  of  the  16-ft.  pulley  to  that  of  the  6-ft.  to  be  25  ft.  (about 
the  usual  way  of  placing  the  fly-wheel  pulley  of  an  engine  in  regard  to  the  main  lino  of  shafting) 
we  have  the  arc  of  contact  subtending  about  153°.  From  Table  I.  the  strain  trausmibBillo  Li 
45-1  Ibs.  x  18  x  2000  =  1,623,600  foot-pounds  or  units  of  work  =  49-2  HP. 

2nd.  William  B.  Le  Van  (of  Philadelphia)  found  by  indicator  that  an  18-in.  wide  belt  running 
1800  revolutions  a  minute,  the  pulleys  being  16  ft.  and  5  ft.,  respectively,  transmitted  43  HP.,  with 
maximum  power  transmissible  unknown.  If  we  take  the  centre's  distance,  as  before  at  25  ft.  wi 
have  the  arc  of  contact  subtending  about  150°. 

From  Table  I.  we  derive  44  -64  Ibs.  as  the  strain  transmissible  X  18  x  1800  =  1,446,336  foot- 
pounds =  43  •  83  HP.  The  same  authority  found  by  indicator  that  a  7-in.  wide  belt  over  two 
2-ft.  6-in.  pulleys,  11  ft.  centre  to  centre  (horizontal),  moving  942  ft.  a  minute  gave  8  HP 
From  Table  I.,  for  180°  angle,  we  take  49-01  x  7  x  942  =  323,172  foot-pounds  =  9  -72  1  HP.  This 
belt  was  stated  to  be  very  tight. 

3rd.  A.  Alexander  ('  Engineer,'  March  30,  1860)  gives  a  rule  that  a  1-in.  belt  will,  at  1000  ft. 
velocity,  transmit  If  HP. 

If  we  take  the  contact  at  180°  from  Table  I.,  49'01  x  1000  =  49,000  foot-pounds,  wo  have  only. 
1J  HP. 

4th.  William  Barbour  (same  journal,  March  23,  I860)  gives  as  the  power  a  1-in.  belt  will 
transmit  with  1000  ft.  velocity  =  0-927  HP.,  when  we  derive  with  180°  angle  from  our  Tables  = 

IjHP. 

5th.  A.  B.  Ex  (same  journal,  April  6,  1860)  gives  a  rule 

diameter  in  inches  x  revolutions  a  minute  x  breadth  in  inches 

5000  -=NHP, 

ratio  of  pulleys  not  to  exceed  5  to  1.    Changing  this  rule  to 

diameter  in  feet  x  revolutions  a  minute  x  width  in  inches 

-  =  N  foot-pounds. 


.    Diameter  in  feet  x  revolutions  a  minute  x  width  in  inches 
-W1263  --- 
.*.  79'  2  x  diameter  in  feet  x  revolutions  a  minute  x  width  in  inches  =  N  foot-pounds. 

From  Table  II.  the  angle  of  120°  gives  123  in  place  of  79-2,  and  it  would  appear  this  authority 
adopts  about  ^  the  effect  we  take. 

6th.  W.  Fairbaim  gives  ('  Mills  and  Mill  Work,'  Part  II.,  page  4)  a  table  of  approximate 
width  of  leather  straps  in  inches  necessary  to  transmit  any  number  of  horse-power  ;  the  velocity  of 
the  belt  being  taken  at  25  to  30  ft.  a  second  (1500  to  1800  a  minute),  1-foot  pulley,  3'  6  in.  wide, 
gives  1  HP. 

Assume  1650  ft.  a  minute,  contact  180°,  we  have  from  Table  I.,  1650  x  49-01  x  3-6  x  1 
=  29,112  foot-pounds  =  0-87  HP. 

7th.  Eankine  gives  ('Kules  and  Tables,'  page  241)  0'15  as  the  coefficient  of  friction,  pro- 
bably applicable  to  the  adhesion  of  belts  on  pulleys  to  be  used  with  his  formulas  in  estimating  the 
power  transmitted.  Neither  experiments  nor  practice  give  so  small  a  coefficient  as  this. 

We,  says  Briggs,  could  multiply  authorities  on  these  points,  but  think  the  corroboration  of 
those  we  quote  with  our  Tables  sufficient  to  establish  our  experimental  and  estimated  coefficient  of 
friction,  /  =  0  •  423,  as  a  proper  practical  basis. 

These  experimenters  give  the  two  following  cases,  not  only  to  show  the  application  of  tho 
formula  5,  but  as  matters  of  some  interest. 

In  the  construction  of  one  of  the  forms  of  centrifugal  machines  for  removing  water  from  satu- 
rated substances,  the  main  or  basket  spindle  is  driven  by  cone-formed  pulleys,  one  of  which,  being 
covered  with  leather,  impels  the  other  by  simple  contact. 

In  the  particular  instance  taken,  the  iron  pulley  on  the  spindle  was  6  in.  largest  diameter,  and 
the  leather-covered  driving-pulley  was  12  in.  largest  diameter;  tho  length  of  COUCH  nn  tho  face  WM 
4  in.,  this  last  dimension  corresponding  to  width  of  belt  in  other  cases.  By  covering  tho  loath 
pulley  with  red-lead,  we  were  able  to  procure  an  impression  on  tho  iron  pulley,  showing  tho  width 
of  the  surfaces  of  contact  when  tho  pulleys  were  compressed  together  with  tho  force  generally 
applied  when  the  machine  was  at  work.  This  width  was,  at  tho  largest  diameters,  almost  exactly 
\  in.  From  the  nature  of  the  two  convex  surfaces  compressing  tho  leather  between  them,  thn 
actual  surface  of  efficient  contact  cannot  be  taken  at  over  half  this  width.  (The  slight  error  in 
estimating  this  contact  as  straight  lines  in  place  of  circular  arcs  may  be  neglected.)  Thi»  give* 
the  angle  subtended  by  the  arc  of  contact  on  the  iron  pulley  =  2§°,  taking  equation  [5],  P  -  6G| 
(l  _  10  -  0-003206  «°)  =  66|  (j  _  10  -  0'008015)  =  ^  (l  _  1Q  -  1  -991985)  =  ^  (1  _ 

0-98171)  =  66f  (0-01829)  =  1-3717. 

Now,  the  average  diameter  of  the  iron  pulley  in  the  middle  of  its  4-in.  faro  i*  4-708  in. 
=  0-3923  ft.,  with  a  circumference  of  1-2326  ft.,  and  it  is  usual  to  run.  nt  tho  leant  velocity.  H 
revolutions  a  minute  ;  whence  the  power  given  by  these  pulleys  =  1  -3717  Ib.  x  4  in.  x  1  -2.S20  ft. 

x  2 
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x  1000  revolutions  =  6757  foot-pounds  =  |  HP.  As  the  work  performed  by  one  of  tliese  contri- 
fnu".il  machines  ia  the  acquirement  of  velocity  under  the  resistance  of  the  friction  of  the  machine 
nml  of  tlu¥  nir.  au<l  the  work  of  expelling  the  moisture  is  so  insiirnifir:mt  in  comparison  that  it  may 
be  neglected  in  estimating,  it  can  be  taken  as  probable  that  the  real  power  demanded  to  keep  tho 
machine  in  motion  is  very  nearly  that  given  by  calculation.  It  should  be  stated  that  the  basket 
belonging  to  this  particular  machine  is  29  in.  diameter  and  12  in.  deep. 

The  second  special  case  we  instance  at  present  consists  in  a  proposed  arrangement  for  driving 
a  fan  which  had  previously  been  found  to  demand  an  8-in.  belt  on  a  10-in.  pulley  to  run  it  I'-iT/i 
revolutions  a  minute.  (The  arc  of  contact  here  was  162°,  so  that  the  apparent  power  with  a 

.  tight  belt  was  87J  HP.  :  but  about  4  of  this  was  defective  adhesion  from  running  a  rigid  In  It 
over  so  small  a  pulley.)  It  was  thought  desirable  to  avoid  the  fast-running  countershafts,  and 
drive  this  direct  from  an  engine-pulley  fly-wheel,  by  impingement,  so  to  speak,  of  the  belt  on  its 
tight  side  between  tho  fan-pulley  and  another  larger  carrier-pulley,  against  a  portion  of  the 
periphery  of  the  fly-wheel. 

If  we  suppose  the  force  demanded  measured  on  the  fan-pulley,  as  before,  to  be  40  HP.  = 
1,320,000,  and  the  fan-pulley  to  be  10  in.  diameter  x  16  in.  wide,  and  to  run  1250  revolutions  a 

1  "'Ml  (11 10 

minute;  •'•  ^zz — -        TS =  25'2  as  the  pull,  F,  on  each  inch  of  width  of  the  belt  as  it 

1250  x  t$  x  16  x  it 

comes  from  the  10-in.  pulley.  By  substituting  this  value  for  P  in  equation  [5],  and  then  redurin<» 
the  equation  to  find  the  value  for  o°,  we  have  a°  =  65°,  which  ia  the  angle  of  contact  demanded  to 
give  the  necessary  adhesion. 

It  will  be  noticed  that  this  angle  is  independent  of  the  diameter  of  the  fly-wheel  pulley,  it 
being  only  requisite  -that  that  diameter  should  be  such  as  with  the  given  or  assumed  number  of 
revolutions  will  produce  the  given  velocity.  In  the  case  taken  for  example,  the  fly-wheel  pulley 
was  16  ft.  diameter  x  16  in  wide,  with  70  revolutions  a  minute  velocity. 

As  we  have  before  remarked,  the  sum  of  the  two  tensions  on  the  belt  is  constant,  whether  the 
belt  ia  performing  work  or  not;  that  is,  S  =  T,  +  T,;  but  P  =  T,  —  T,.  .-.  T,  =  T,  —  P. 
.-.  8  =  2T,— P. 

As  we  assumed  in  equation  [5]  T  to  equal  66|  Ibs.,  we  can  substitute  the  value  of  P  as  in 
Table  I.  in  the  equation,  8  =  2  (66|)  —  P  =  1334  —  P,  from  which  it  is  evident  that  the  sum  of 
the  tensions  will  vary  with  P  or  with  the  angle  of  contact.  It  is  evident,  also,  that  the  load  Tip<  n 
the  shaft  proceeding  from  the  tensions  T,  and  T,  will  be  the  resultant  of  whatever  angle  the  belt 
makes  with  a  line  joining  the  centres  of  the  two  pulleys,  or  as  the  cosine  of  that  angle. 

By  constructing  on  paper  a  pair  of  pulleys,  it  will  be  readily  discerned  that  the  angle  in  ques- 
tion for  small  pulleys  =  90°—  -^ ,  and  for  barge  and  crossed  ones,  =  £  —  90°,  we  can  consequently 
form  the  following  Table  :— 

TABLE  III. — STBENGTH  OF  LACING  OP  JOINT  66|  UBS.  THE  INCH  WIDE, 

Showing,  first,  the  sum  of  tensions  on  both  sides  of  a  belt  to  each  inch  of  width,  whether  in 
motion  or  at  rest,  when  strained  to  transmit  the  maximum  quantity  of  power  in  general  prac- 
tice ;  and  showing,  second,  the  load  carried  by  the  shafts  and  supported  constantly  by  the 
journals  the  inch  of  width  of  belt,  when  the  arcs  of  contact  vary  as  the  angles  of 

90°  100°          110°  120°  135°  150°  180°  210°  240°  270° 

Ibs.              Ibs.              Ibs.              Ibs.              Ibs.              Ibs.  Ibe.              It*.            Ibs.              Ibs. 

1st.      101-  98-53  96-26  94'15  91-27  88'69  84-32  80'81  78"  75'75 

2nd,      71-42  75'47  78'85  81'53  84-32  85'67  84'32  78'05  67'59  53'56 

When  machinery  is  driven  by  gearing,  the  shafts  only  carry  the  running  wheels  and  the  weight, 
and  when  the  machines  are  thrown  on,  the  friction  of  the  lines  increases  with  the  work ;  but  with 
belts  and  pulleys  the  load  on  the  line  and  its  frictional  resistance  is  constant,  whether  the 
machinery  works  or  lies  idle. 

It  is  not  proper  to  assume  that  the  load  produced  by  the  belt  on  the  shaft  is  exactly  that  given 
by  the  second  luie  in  Table  III. ;  but  we  can  be  safe  in  taking  those  weights  as  rarely  exceeded, 
because  belts  begin  to  fail  when  they  are ;  and  as  rarely  much  less,  because  few  of  our  machines 
are  not  worked  up  to  their  belt  of  capacity. 

The  advantages  shown  by  the  figures  on  all  the  Tables,  but  especially  on  the  last,  in  those  arcs 
of  contact  over  180°  where  crossed  belts  are  used,  have  the  substantial  ground  of  practice,  although 
many  mechanics  are  unaware  of  the  facts.  R.  Briggs  instances  a  case  of  several  heavy  grindstones 
having  from  main  to  counter  lines  8-in.  crossed  belts  on  pulleys,  3  ft.  diameter,  running  120  revo- 
lutions, only  8  ft.  centre  to  centre,  where  belts  have  already  lasted,  day  and  night  Tise,  three-and-a- 
half  years.  For  the  same  purpose,  6-in.  open  belts  were  formerly  used,  with  an  average  duration 
of  a  few  weeks  only. 

Another  use  of  a  crossed  belt  is  for  long  belts,  the  crossing  effectually  preventing  those  waves 
which  generally  impair,  if  they  do  not  destroy,  such  belts  when  open. 

We  give  a  tabular  record  of  the  experiments  of  H.  R.  Towne,  which  will  repay  examination, 
as  exhibiting  several  interesting  and  instructive  facts  connected  with  the  efficiency  of  leather 
belts. 

These  experiments  were  made  with  leather  belts  of  3  and  6  in.  width,  and  of  the  usual  thick- 
ness—about j^ths  of  an  inch.  The  pulleys  used  were  respectively  of  12,  23|,  and  41  in.  diameter, 
and  were  in  each  case  fast  upon  their  shafts.  They  were  the  ordinary  cast-iron  pulleys,  turned  on 
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the  face,  and,  having  already  oeen  in  use  for  some  years,  were  fair  representatives  of  the  pullers 
usually  found  in  practice. 

Experiments  were  made  first  with  a  perfectly  new  belt,  then  with  one  partially  used  and  in  the 
best  working  condition,  and  finally  with  an  old  one,  one  which  had  been  so  long  in  use  as  to  havo 
deteriorated  considerably,  although  not  yet  entirely  worn  out.  The  adhesion  of  the  belts  to  tho 
pulleys  was  not  in  any  way  influenced  by  the  use  of  unguents  or  by  wetting  them :  the  new  ones, 
when  used,  were  just  in  the  condition  in  which  they  were  purchased ;  the  others  in  the  usual  work^ 
ing  condition  of  belts  as  found  in  machine-shops  and  factories— that  is,  they  had  been  well  greased. 
and  were  soft  and  pliable. 

The  manner  in  which  the  experiments  were  maxle  wag  as  follows :— The  belt  being  suspended 
over  the  pulley,  in  the  middle  of  its  length,  weights  were  attached  to  one  side  of  tho  belt,  and 
increased  until  the  latter  slipped  freely  over  the  pulley;  the  final,  or  slipping  weight  was  then 
recorded.  Next,  5  Ibs.  were  suspended  on  each  side  of  the  belt,  and  the  additional  weight  required 
upon  one  side  to  produce  slipping  ascertained  as  before,  and  recorded.  This  operation  was  repeated 
with  10,  20,  30,  40,  and  50  Ibs.,  successively,  suspended  upon  both  sides  of  the  belt.  In  the  Tables, 
these  weights,  plus  half  the  total  weight  of  the  belt,  are  given  as  the  "equalizing  weights"  (T  in 
the  formulas);  and  the  additional  weight  required  upon  one  side  to  produce  slipping,  is  given 
under  the  head  of  "  unbalanced  weights ;"  this  latter,  plus  the  equalizing  weight,  give*  the  total 
tension  on  the  loaded  side  of  the  belt  (T,  in  the  formulas). 

The  belt,  in  slipping  over  the  pulley,  moved  at  the  rate  of  about  200  ft.  a  minute,  and  with  a 
constant,  rather  than  increasing,  velocity ;  or,  in  other  words,  the  final  weight  was  such  as  to  cause 
the  belt  to  slip  smoothly  over  the  pulley,  but  not  sufficient  to  entirely  overcome  the  friction 
tending  to  keep  the  belt  in  a  state  of  rest.  In  this  case,  that  is,  with  an  excessive  weight,  the 
velocity  of  the  belt  would  have  approximated  to  that  of  a  falling  body ;  while  in  the  experiment! 
its  velocity  was  much  slower,  and  was  nearly  constant,  the  friction  acting  precisely  as  a  brake.  By 
being  careful  that  the  final  weight  was  such  as  to  produce  about  the  same  velocity  of  the  slipping 
belt  in  all  of  the  experiments,  reliable  results  were  obtained. 

It  became  necessary  to  make  use  of  a  weight  such  as  would  produce  the  positive  motion  of  tho 
belt  described  above,  as  it  was  found  impossible  to  obtain  any  uniformity  in  the  results  when  the 
attempt  was  made  to  ascertain  the  minimum  weight  which  would  cause  the  belt  to  slip.  With 
much  smaller  weights  some  slipping  took  place,  but  it  was  almost  inappreciable,  and  could  only  be 
noticed  after  the  weight  had  hung  for  some  minutes,  and  was  due  very  probably  to  the  impercep- 
tible jarring  of  the  building.  After  essaying  for  some  time  to  conduct  the  experiments  in  this 
way,  and  obtaining  only  conflicting  and  unsatisfactory  results,  the  attempt  was  abandoned,  and  tho 
experiments  made  as  first  described. 

In  this  way,  as  may  be  seen,  results  were  obtained  which  compare  together  very  favourably, 
and  which  contain  only  such  discrepancies  as  will  always  be  manifest  in  experiments  of  the  kind. 
It  is  only  by  making  a  great  number  of  trials  and  averaging  their  results,  that  reliable  data  can  be 
obtained. 

The  value  of  the  coefficient  of  friction  which  we  deduce  from  our  experiments  is  the  mean  of  no 
less  than  168  distinct  trials. 

It  will  be  noticed,  however,  that  the  coefficient  employed  in  the  formulas  is  but  tix-tentht  of  the 
full  value  of  that  deduced  from  the  experiments,  the  latter  being  0'5853  and  the  former  0'422S). 
This  reduction  was  made,  after  careful  consideration,  to  compensate  for  the  excess  of  wciu'ht 
employed  in  the  experiments  over  that  which  would  just  produce  slipping  of  the  belt,  and  may  be 
regarded  as  safe  and  reliable  in  practice. 

A  note  is  made,  over  the  record  of  each  trial,  as  to  the  condition  of  the  weather  at  the  time  of 
making  it — whether  dry,  damp,  or  wet ;  and  it  will  be  noticed  that  the  adhesion  of  the  belts  to  the 
pulleys  was  much  affected  by  the  amount  of  moisture  in  the  atmosphere.  It  is  to  be  regretted 
that  this  contingency  was  not  provided  for,  and  a  careful  record  of  the  condition  of  tho  atmosphere 
kept  by  means  of  an  hygrometer.  The  experiments  indicate  clearly,  however,  that  the  adhesion 
of  the  old  and  the  partially-used  belts  was  much  increased  in  damp  weather,  and  that  they  were 
then  in  their  maximum  state  of  efficiency.  With  the  new  belts,  the  indications  are  not  so  positive; 
but  their  efficiency  seems  to  have  been  greatest  when  the  atmosphere  was  in  a  dry  condition. 

Experiments  were  also  made  upon  the  tensile  strength  of  belts,  with  the  following  results : — 
The  weakest  parts  of  an  ordinary  belt  are  tho  ends  through  which  the  lacing-holes  are  punched, 
and  the  belt  is  usually  weaker  here  than  the  lacing  itself.  The  next  weakest  points  are  the 
splices  of  the  several  pieces  of  leather  which  compose  the  belt,  and  which  are  here  perforated  by 
the  holes  for  the  copper  rivets.  The  strengths  of  the  new  and  the  partially-uned  belt*  were  found 
to  be  almost  identical.  The  average  of  the  trials  is  as  follows : — 

3-in.  belts  broke  through  the  lace-holes  with        ..      ..     629  Ibs. 
„  „  rivet    „       „  ....  1146  Ibs. 

„  „  Bolidpart     „  ..      ..  2025  Ibs. 

These  give  as  the  strength  to  tho  inch  of  width : — 

When  the  rupture  is  through  the  lace-holes 210  Ibs. 

„  „  rivet    „      382  Ibs. 

„  „  solid  part 675  Ibs. 

The  thickness  being  -fa  in.  (=  '219),  we  have  as  the  tensile  strength  of  tho  leather  308C  It*. 
a,  sq.  in. 

From  the  above  we  see  that  200  Ibs.  an  inch  of  width  is  the  ultimate  resistance  to  tearing  tliat 
we  can  expect  from  ordinary  belts. 
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Tho  experiments  herein  described  are  strikingly  corroborative  of  those  already  on  record,  nnd 
this  gives  increased  assurance  of  their  reliability;  and,  although  there  is  nothing  novel  cither  in 
them  or  in  their  reunite,  it  is  hoped  that  they  will  prove  of  interest,  and  tliut  an  examination  of 
tin-in  will  lead  to  confidence  in  the  formulas  which  are  based  upon  them. 


THREE-INCH  NEW  BELT. 


OH   12-  »CH   PfLLKT  (BTTWKEN  SKAM8). 

ON  12-iNcn  PULLEY  (ON  SKAMS). 

Y  •!  •:  i!   •  ".^ 
\V,  :,-!.(,. 
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20 
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14 
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5-76 

7-94 

43 

58 
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30 

32 
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70 

86 
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12-94 

48 

51 
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6-99 
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92 

87 

89-5 
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32-94 
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141-44 

4-29 

42-94 
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235-0 

277-94 

6-47 

42-94 

134 

138 

136-0 

178-94 

4-17 

52-94 
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343 

276-5 

329-44 

6-22 

52-94 
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188 

189-5 
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ON  23|-INCH  PCLLKT. 


ON  4l-racH  PULLEY. 
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Mean  . 

5-960 

THBEE-!NCH  BELT. 


PARTIALLY  CSED  AND  IN  GOOD  OBDEB — ON  12-iNCH  PDLLEY. 


Equalizing 
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Tension  on 
each  side  of 

Unbalanced 
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Weight. 
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No.  2. 
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No.  3. 
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Weight. 
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5-754 
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ON  41 -INCH  PULLKT. 
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ON  12-mcH  PULLET. 

ON  23|-DiCH  PULUT. 
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ON  23|-iKCH  PULLET. 

ON  41-INCH  PCLUtT. 
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Belts  and  drums  constitute  the  most  convenient  method  of  transmitting  rotary  motion  from  one 
shaft  to  another.  Of  late  years  their  use  has  enormously  incn  MM  <1,  <>n  u<v.,uiit  <>f  tin  ir  <  n-y  ii|.|<h- 
cation  in  almost  every  case  where  power  in  required  to  be  trnnsl.  rn  <1.  <  '..inj-iir.  <1  with  eo£WaMi 
gearing,  they  possess  several  advantages,  namely,  the  driving  imd  driv.  n  t-liaft.s  may 
considerable  distance  from  each  other,  and  need  not  be  parallel  or  in  the  aaiue  plane. 
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Belts  and  druraa  form  yery  effective  friction-couplings.  If  a  machine  driven  by  a  belt  becomes 
accidentally  overloaded,  the  belt  slips  upon  the  drum,  and  a  break-down  is  generally  prevented. 

By  tho  introduction  of  fast  and  loose  pulleys,  the  driven  shaft  can  be  set  in  motion  or  stopped 
with  perfect  safety,  whilst  the  driving  shaft  is  running  at  full  speed.  In  cotton  mills  and  other 
factories,  where  a  number  of  independent  machines  are  driven  from  a  single  shaft,  this  contrivance 
is  of  great  value. 

The  motion  of  belts  and  drums  is  much  smoother  than  that  of  gearing,  and  they  can  bo  readily 
applied  to  machined  which  require  a  high  velocity,  where  ordinary  gearing  would  bo  quite  inad- 
missible. 

Material  and  Mode  of  Manufacture. — Leather  is  generally  used  for  the  manufacture  of  bolting. 
Other  materials  have  been  tried,  such  as  india-rubber,  gutta-percha,  woven  hemp,  &o.,  but  leutln-r 
has  been  found  to  be  the  most  reliable  and  economical  in  wear. 

The  best  description  of  leather  for  the  purpose  is  English  ox-hide  tanned  with  oak  bark  by  the 
slow  old-fashioned  process,  and  dressed  in  such  a  way  as  to  retain  firmness  and  toughness,  without 
harshness  and  rigidity. 

The  prime  part  of  the  hide  only,  called  the  butt,  should  be  used,  646. 

the  other  portions  being  comparatively  loose,  and  only  fit  for  inferior 
purppeeo. 

The  dotted  lines  a,  a,  a,  in  Fig.  GIG  show  the  shape  and  size  of  the 
butt. 

Butts  are  generally  cut  out  of  hides  in  the  preliminary  preparing 
process,  and  tanned  by  themselves.  The  time  required  for  tanning 
best  leather  varies  from  twelve  to  eighteen  months,  according 
to  the  thickness.  When  the  tanning  is  thoroughly  completed,  the 
butt  is  curried  or  dressed.  During  this  process  it  must  be  stretched. 
This  is  effected  by  machinery,  the  leather  being  allowed  to  dry  in 
its  extended  state.  Strap-butts  of  best  leather  can  be  permanently 
extended  from  4  to  5  in.  For  light  work,  belts  of  single  substance 
are  sufficient,  the  strips  of  leather  being  joined  together  by  feather- 
edged  splices,  first  cemented  and  then  sewn.  Single  belting  varies 
in  thickness  from  -ft-  to  J  in.  For  heavy  work,  double  and  sometimes 
treble  layers  of  leather  are  required,  cemented  and  sewn  through  their  entire  length.  The 
material  used  for  the  sewing  is  either  strong  well-waxed  hemp,  or  thin  strips  of  hide  prepared  with 
alum.  The  latter  is  generally  used  in  the  North  of  England;  but  its  advantage  over  good  waxed 
hemp  is  doubtful  The  thickness  of  double  belting  is  from  A  to  -^  in. 

An  improvement  in  the  ordinary  double  belt,  shown  in  Figs.  647,  648,  has  been  introduced  by 
Messrs.  Hepburn  and  Sons,  of  South wark,  who  have  given  muck  attention  to  this  branch  of  leather 
manufacture. 
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It  consists  in  the  substitution  of  a  strip  of  prepared  untenned  hide  for  the  outer  layer  of  the 
belt,  corrugated,  as  marked  by  a  a  a  in  Fig.  647 :  the  inner  one  next  the  drum  being  made  of  tanned 
leather  as  usual,  and  not  corrugated.  This  combination,  or  composite  belt  as  it  is  called,  has  much 
greater  strength  than  a  belt  composed  of  tanned  leather  only,  and  is  not  nearly  so.liable  to  stretch 
in  working. 

The  sewing  is  also  different.  Instead  of  hand-labour  being  employed,  these  belts  are  sewn,  or 
rather  riveted,  by  machinery,  and  copper  or  malleable  iron  wire  is  used  in  place  of  waxed  hemp,  as 
shown  in  Figs.  647,  648. 

Fig.  648  represents  a  longitudinal  section  of  the  belt  through  one  of  the  lines  of  sewing,  and 
shows  the  way  in  which  each  stitch  or  rivet  is  clenched  and  turned  in. 

This  metallic  sewing  is  also  applied  to  double  belting  made  entirely  of  leather,  and  has  been 
found  to  work  well,  and  to  be  more  durable  than  ordinary  hand-sewing. 

Fastenings  of  Belts. — Belts  are  usually  laced  together  by  thin  strips  of  hide  prepared  with  alum  ; 
from  12  to  18  in.  is  allowed  for  hip;  and  rows  of  holes  at  equal  distances  are  punched  in  each  end 
of  the  belt.  A  belt-fastener,  which  is  extremely  simple  and  effective,  and  requires  no  lap,  is  given 
full  size  in  Fig.  651.  It  is  made  of  tough  metal,  of  various  sizes  to  suit  different  thicknesses  of 
belting ;  a,  a,  Figs.  649,  650,  shows  how  this  fastener  is  applied. 

Various  Modes  of  Driving  Drums. — Fig.  652  represents  the  direct  method,  where  the  shafts 
of  the  drums  are  parallel  and  in  the  same  plane.  A  is  the  driving  drum,  revolving  in  the 
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direction  of  tho  arrow ;  B  is  the  driven  drum.    C  is  called  the  kadtng  side  of  the  belt ;  D  th« 
follvtcinij  side. 

Belts  are  more  effective  when  the  leading  side  is  underneath,  as  in  Figs.  654,  655. 


6S3. 
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The  drum  should  be  rather  wider  than  the  belt,  and  .lightly  rounded  on 
inch  to  the  foot  of  width  is  sufficient  convexity,  except  in  the  caw  of  small 
when  it  should  be  from  |  to  J  in. 
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ijr.  f»r>3  represents  tho  crossed  belt,  which  has  tho  effect  of  making  tho  drums  revolve  in  oppo- 


Figs. 654,  655,  represent  the  fast  and  loose  pulley. 

The  fork  for  shifting  tho  belt  from  the  fast  to  tho  loose  pulley  must  be  placed  at  A,  near  tho 
pulleys,  and  act  on  the  following  part  of  the  belt. 

Fig.  656  is  a  case  where  tho  shafts  are  parallel,  but  tho  drums  not  in  tho  same  plane  ;  here  it  is 
necessary  to  lead  the  belt  over  guide-pulleys. 

Fig.  657  is  a  similar  case,  where  the  shafts  are  in  tho  same  plane,  but  not  parallel.  In  Fig. 
658  tho  shafts  are  neither  in  tho  same  plane,  nor  parallel  ;  yet  in  this  case  no  guide-pulleys  are 
needed.  Fig.  659  is  a  case  where  guide-pulleys  are  required. 

Fig.  660  represents  the  most  general  way  of  varying  the  velocity-ratio  of  two  shafts.  The  pro- 
portion of  tho  respective  diameters  of  each  pair  of  pulleys  is  such  that  tho  sum  of  the  two  is  always 
constant,  and,  therefore,  the  same  length  of  belt  will  do  for  all  the  speeds. 


660. 


11 


j-i 


6C2. 


Figs.  661,  662,  is  a  mode  of  varying  the  speed  whilst  the  machinery  is  in  motion.  Two  conical 
drums  are  placed  in  a  reversed  way  to  each  other,  so  that  the  sum  of  any  two  corresponding  dia- 
meters is  always  a  constant  quantity.  The  belt  is  made  to  move  laterally  along  the  surface  of 
the  cones,  by  certain  contrivances ;  and  thus  a  gradual  increase  or  decrease  of  speed  in  the  driven 
drum  is  brought  about,  on  account  of  the  constantly  varying  proportions  of  the  two  diameters,  while 
the  angular  velocity  of  the  driving  drum  remains  constant. 

Tension-rollers. — In  order  that  the  natural  tension  of  the  belts  shall  remain  constant,  and  not 
exceed,  though  equalling,  the  value  calculated,  it  is  requisite  to  use  tension-rollers. 

The  weight  q  of  these  rollers  is  found  by  the  approximate  expression  q  =  -         — ,  wherein 

cos.  6 

a  is  half  the  obtuse  angle  A  D  B  formed  by  the  two  branches  of  the  belt  upon  which  the  weight 
rests,  and  may  be  assumed  a  priori;  and  6  the  angle  between  the  line  A  B  and  the  horizontal  line 
A  C,  Fig.  663.  That  is  angle  B  A  C  =  6. 

This  formula  is  reduced  to  the  following  rule  : —  .. 

To  calculate  the  weight  of  a  tension-roller,  capable  of  j 

producing  its  pressure  upon  the  two  branches  of  a  belt,  a  fl  C 

given  normal  tension,  as  in  Fig.  663.  X"T^5E~---^t"' 

Multiply  the  given  normal  tension  by  twice  the  cosine  of  f         \    """^-^jt — ' 
half  the  obtuse  angle  formed  by  the  two  branches  of  the  belt,   I  )  D  /*o"\ 

and  divide  the  product  by  the  cosine  of  the  angle  formed  by   V  J  ) 

the  common  tangent  of  the  two  drums  with  the  horizontal    ^-  -S  _  ^ — s 

line  AC. 

In  fixing  the  belt,  care  must  be  taken  to  give  it  such  a  length  that,  when  in  repose,  it  shall 
only  have  a  minimum  flexure,  and  then  the  tension  T  will  very  nearly  equal  the  value  assigned  to 
it  by  our  previous  developments. 

Means  must,  of  course,  be  reserved  of  increasing  or  diminishing  at  will  the  action  of  the  roller. 

If,  owing  to  the  particular  arrangement  of  the  drums,  the  tension-roller  is  not  intended  to  act 
vertically,  a  suitable  combination  of  levers  may  enable  its  action  to  be  directed  wheresoever  it  is 
necessary.  The  effort  it  exerts  upon  the  belt  perpendicularly  to  the  line  A  B  may  then  be  calculated 
by  the  above  rule,  in  supposing  the  angle  6  to  be  nul  and  its  cosine  equal  to  one. 

The  general  arrangement  of  the  belting  of  Nasmyth,  Wilson,  and  Co.'s  mechanical  workshops 
at  Patricroft,  near  Manchester,  shown  in  Figs.  664,  665,  deserves  particular  attention. 

The  shop  consists  of  two  spans  of  38  ft.  and  48  ft.  respectively,  each  having  a  length  of  102  ft. 
It  is  lighted  from  the  top  by  means  of  skylights,  as  indicated  in  Fig.  664.  The  smaller  shop 
derives  additional  light  from  side-windows,  close  to  which  a  row  of  small  lathes  is  placed.  The 
shafting  A,  A,  is  driven  from  a  pair  of  vertical  engines,  fitted  with  balanced  slide-valves,  and 
having  a  pair  of  large  pulleys  fixed  to  their  crank-shaft  B,  B,  Fig.  665,  in  lieu  of  a  fly-wheel.  The 
straps  from  these  pulleys  are  carried  in  opposite  directions,  BO  as  to  balance  the  strains  produced 
by  them ;  and  one  strap  C,  C,  supplies  power  to  the  machinery  of  each  span  of  the  shop.  The 
driving-shaft  D,  D,  on  the  top  of  each  span  transmits  power  to  two  parallel  lengths  of  shafting, 
one  at  each  side  of  the  two  buildings ;  and  for  these  also  the  belts  balance  their  strains  upon  the 
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driving-shaft  by  being  placed  symmetrically  in  opposite  directions.  The  machines  are  placed  in 
parallel  rows  lengthways  at  both  sides  of  the  buildings,  BO  as  to  have  a  clear  wide  space  throughout 
the  entire  length  of  the  shop  for  internal  locomotion.  By  placing  the  smaller  lathes  in  double 
rows  in  close  proximity,  and  with  their  back-gearing  against  each  other,  it  has  been  possible  to 
put  an  unusual  number  of  these  tools  into  a  limited  space,  still  allowing  free  access  to  each 
machine,  and  giving  a  clear  space  in  the  centre  for  a  passage.  The  workmen-stand  face  to  face, 
having  the  machines  between  them,  and  there  is  sufficient  room  for  all  their  operations. 

Each  span  is  traversed  by  a  travelling-crane  E  of  suitable  power.  The  cranes  arc  capable  of 
reaching  every  tool  in  the  shop,  and  are  worked  by  hand  from  below  by  means  of  endless  cords  /,  /, 
passing  round  grooved  pulleys  attached  to  the  gearing.  The  movements  are  in  three  directions ;  and, 
by  provision  of  double-winding  drums  for  the  lifting-chains,  it  is  possible  to  reach  the  extreme  ends 
of  the  shop  on  either  side.  To  facilitate  the  passage  of  the  travellers  and  their  chains,  it  was  found 
iirivssary  to  avoid  the  use  of  vertical  columns  for  supporting  the  longitudinal  timbers  which  carry 
the  crane-rails,  and  another  mode  of  construction  was  substituted.  The  crane-rails  are  supported 
on  horizontal  cast-iron  brackets  6,  G,  secured  at  one  end  to  the  side  columns  or  wall-standards,  and 
having  their  free  ends  suspended  from  the  cross-beams  of  the  roof,  as  shown  at  H,  H,  Fig.  664. 
This  mode  of  supporting  the  travellers  is  found  to  answer  well,  and  it  forms  an  element  of  great 
convenience  with  regard  to  the  movement  of  heavy  masses  within  the  shop.  The  cast-iron  brackets, 
at  the  same  time,  serve  for  the  attachment  of  the  hangers  or  bearings  for  the  shafting,  for  which 
purpose  wooden  planks  are  fixed  to  them  throughout  the  entire  length  of  the  shop  in  lines  parallel 
to  the  side  walls. 

We  append,  with  some  slight  alterations,  an  article  on  the  driving-belt,  by  Edward  Sang.  This 
article,  taken  from  the  '  Practical  Mechanic's  Journal '  (1866),  will  render  clear  the  methods  of 
investigation  employed  by  Prony  and  Poncelet. 

The  first  problem  which  presents  itself  when  we  consider  the  arrangement  of  the  driving-belt, 
is  to  compute  the  length  of  the  belt  when  the  diameters  of  the  wheels  and  the  distance  between 
their  centres  are  known.  If  the  machinery  be  in  position,  it  is  a  very  easy  matter  to  measure  the 
length  of  the  required  belt ;  and  this  direct  measurement  is  even  to  be  preferred  to  calculation, 
because  ultimately  the  stretch  of  the  belt  has  to  be  suited  to  the  desired  strain  by  trials.  The 
converse  problem,  "  Having  given  the  length  of  the  belt,  to  compute  the  diameters  of  the  wheels," 
is  much  more  important,  because  the  process  of  repeated  trial  would  be  both  tedious  and 
expensive. 

This  converse  problem  arises  when  we  have  to  design  a  set  of  speed-cones,  which  may,  with 
one  belt,  give  a  variety  of  speeds.  The  solution  of  this  converse  problem  is  attended  with  consi- 
derable difficulty :  it  can  only  be  accomplished,  for  practical  purposes,  by  help  of  that  modification 
of  the  method  of  trial  and  error  which  consists  in  tabulating  a  regular  series  of  computed  results. 

In  the  'Edinburgh  Philosophical  Journal'  for  April,  1831,  E.  Sang  gave  a  table  for  this 
purpose,  which  had  hardly  been  printed  when  an  obvious  improvement  suggested  itself.  He 
reconstructed  the  table  with  this  improvement,  and  thus  describes  the  manner  in  which  it  is  to 
be  used. 

In  the  first  place,  it  is  to  be  observed  that  there  are  three  principal  dimensions  which  have  to  be 
taken  .into  consideration :  these  are  the  diameter  of  the  wheel,  the  diameter  of  the  pulley,  and  the 
distance ,  between  the  centres.  Now,  it  would  be  impossible  to  make  a  table  of  triple  entry  in 
which  these  three  dimensions  should  enter  as  arguments,  and  the  corresponding  length  of  the  belt 
as  a  result. 

It  is  necessary,  for  the  sake  of  abridgment,  to  assume  one  of  these  as  constant ;  and  that  one 
which  answers  best  is  the  distance  between  the  centres.  In  the  subjoined  table  this  distance  is 
announced  to  be  unit.  fcl! 

In  the  second  place,  if  P  represent  the  centre  of  the  pulley, 
W  that  of  the  wheel,  and  Q  K  S  T  the  belt  passing  over  them, 
the  inclination  of  the  free  parts,  Q  R  and  S  T,  to  the  line  of 
centres  depends  only  on  the  difference  between  the  two  dia- 
meters ;  so  that  if  another  pair  were  placed  at  the  same  centres, 
and  having  their  diameters  each  1  in.,  or  any  other  quantity, 
more  than  those  of  the  former  pair,  the  inclination  of  the  free 
parts  of  the  band  would  be  unchanged. 

Thirdly,  if  we  describe  a  circle  round  the  centre,  W,  with  a 
radius  equal  to  the  difference  between  the  two  radii,  and  draw 
from  P  the  lines  P  U,  P  V  to  touch  it,  the  entire  line,  P  U  X  V  P, 
is  less  than  the  length  of  the  band,  Q  R  S  T,  by  the  circum- 
ference of  the  pulley.  Hence  for  each  difference  between  the 
diameters,  or  for  each  inclination  of  the  free  part  of  the  belt, 
there  is  a  corresponding  excess  of  the  length  of  the  belt  above 
the  circumference  of  the  pulley,  and  also  a  corresponding 
excess  of  the  same  length  of  belt  above  the  circumference  of 
the  wheel.  By  attention  to  these  matters  we  can  make  our 
table  one  of  single  entry. 

In  the  former  table,  Sang  made  the  difference  between  the 
diameters  the  argument,  and  placed  opposite  to  each  difference 
the  corresponding  excess  of  the  belt  above  the  two  circum- 
ferences.    This  arrangement  made  it  necessary  to  multiply  and  to  divide  by  3-1415926.     By  the 
arrangement  of  the  present  table  these  multiplications  and  divisions  are  avoided. 

If  we  compute  the  diameter  of  a  wheel  round  which  the  belt  would  just  go,  and  call  the  diameter 
of  this  wheel  the  belt-diameter ;  then,  for  each  inclination,  the  excesses  of  the  belt-diameter  above  the 
diameters  of  the  wheel  and  pulley  are  determined.  These  excesses  are  entered  in  the  table.  Further- 
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more,  Sang  has  made  the  inclination  of  the  free  part  of  the  band  the  primary  argument.  In  this 
way  the  arrangement  of  the  table  is  as  follows : — 

Column  1  contains  the  inclinations  of  the  free  part  of  the  belt  to  the  line  of  centres,  given  for 
each  half-degree  of  the  centesimal  system,  that  is,  for  each  multiple  of  27'  of  the  ordinary  division; 
the  values  being  given  in  ancient  degrees  and  minutes,  as  well  as  in  decimal  parts  of  the  right 
angle. 

Column  2  contains  the  corresponding  differences,  W  —  P,  between  W,  the  diameter  of  the  wheel, 
and  P,  the  diameter  of  the  pulley ;  the  differences  of  these  values  are  also  given  for  the  purpose  of 
interpolation. 

Column  3  contains  the  corresponding  excesses,  B  —  P,  of  the  belt-diameter,  B,  above  the  dia- 
meter of  the  pulley,  with  the  differences. 

Column  4  contains  the  values  of  the  excesses,  B  —  W,  of  the  same  belt-diameter  above  the 
diameter  of  the  wheel,  also  with  their  differences ;  the  whole  being  given  in  decimal  parts  of  tho 
distance  between  the  centres. 
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INCLINATION. 

W-P. 

B-P. 

B-W. 

o 

, 

Decim. 

Value. 

Dlff. 

Value. 

niff. 

Value. 

IW. 

0 

00 

•0000 

0 

00000 

1571 

0 

G3GG2 

787 

•63662 

783 

0 

27 

•0050 

0 

01571 

1570 

0 

64449 

792 

•G'J- 

780 

0 

54 

•0100 

0 

03141 

1571 

0 

65241 

795 

•62099 

775 

1 

21 

•0150 

0 

04712 

1570 

0 

66036 

798 

•61324 

772 

1 

48 

•0200 

0 

06282 

1570 

0 

66834 

803 

•60552 

767 

2 

15 

•0250 

0 

07852 

1569 

0 

67637 

806 

•59785 

763 

2 

42 

•0300 

0 

09421 

1569 

0 

68443 

810 

•59022 

759 

3 

09 

•0350 

0 

10990 

1568 

0 

69253 

814 

•58263 

755 

3 

36 

•0400 

0 

12558 

1567 

0 

70067 

816 

•57508 

750 

4 

03 

•0450 

0 

14125 

1567 

0 

70883 

821 

•56758 

746 

4 

30 

•0500 

0 

•15692 

1565 

0 

71704 

824 

•56012 

742 

4 

57 

•0550 

0 

•17257 

1565 

0 

72528 

827 

•55270 

737 

5 

24 

•0600 

0 

•18822 

1563 

0 

73355 

830 

•54533 

733 

5 

51 

•0650 

0 

•20385 

1562 

0 

74185 

834 

•53800 

T-JS 

6 

18 

•0700 

0 

•21947 

15GO 

0 

75019 

837 

•53072 

724 

c 

45 

•0750 

0 

•23507 

1560 

0 

75856 

840 

•52348 

719 

7 

12 

•0800 

0 

•25067 

1557 

0 

76696 

843 

•51629 

714 

7 

39 

•0850 

0 

•26624 

1556 

0 

77539 

846 

•50915 

710 

8 

06 

•0900 

0 

•28180 

1554 

0 

•79385 

849 

•50205 

705 

8 

33 

•0950 

0 

•29734 

1553 

0 

•79234 

852 

•4U500 

701 

9 

00 

•1000 

0 

•31287 

1550 

0 

•80086 

855 

•48799 

M 

9 

27 

•1050 

0 

.32837 

1549 

0 

80941 

857 

•48103 

691 

9 

54 

•1100 

0 

•34386 

1546 

0 

•81798 

860 

•47412 

M 

10 

21 

•1150 

0 

•35932 

1544 

0 

•82658 

863 

•4G7-J-; 

681 

10 

48 

•1200 

0 

•37476 

1542 

0 

•83521 

865 

•46045 

677 

11 

15 

•1250 

0 

•39018 

1539 

0 

•84386 

868 

•45368 

671 

11 

42 

•1300 

0 

•40557 

1537 

0 

•85254 

870 

•44697 

667 

12 

09 

•1350 

0 

•42094 

1535 

0 

•86124 

873 

•44030 

M 

12 

36 

•1400 

0 

•43629 

1531 

0 

•86997 

875 

•43368 

656 

13 

03 

•1450 

0 

•45160 

1529 

0 

•87872 

877 

•42712 

652 

13 

30 

•1500 

0 

•46689 

1526 

0 

•88749 

880 

•420GO 

646 

13 

57 

•1550 

0 

•48215 

1523 

0 

•89629 

881 

•41414 

642 

14 

24 

•1600 

0 

•49738 

1520 

0 

•90510 

883 

•4077-' 

SM 

14 

51 

•1650 

0 

•51258 

1517 

0 

•91393 

886 

•40136 

'••'- 

15 

18 

•1700 

0 

•52775 

1513 

0 

•92279 

887 

•89504 

626 

15 
16 
16 
17 

17 

45 
12 
39 
06 
33 

•1750 
•1800 
•1850 
•1900 
•1950 

0 
0 
0 
0 
0 

•54288 
•55798 
•57305 
•58808 
•60308 

1510 
1507 
1503 
1500 
1495 

0 
0 
0 
0 
0 

931  G6 
•94055 
•94946 
•95838 
•9G733 

889 
891 
892 
895 
895 

•38878 

•88-2.r.7 
•  87111  1 
•87030 
•36425 

en 

G16 
611 
C05 
600 

18 
18 
18 
19 
19 

00 
27 
54 
21 
48 

•2000 
•2050 
•2100 
•2150 
•2200 

0 
0 
0 
0 
0 

•61803 
•63295 
•64783 
•66268 
•67748 

1492 
1488 
1485 
1480 
1475 

0 
0 
0 

1 
1 

•97G28 
•98525 
•9MM 

•00323 
•01224 

897 
899 
899 
901 
902 

•85825 
•SSttW 
•84640 
•84056 
•88477 

595 
M 
584 
I7f 

574 
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IXCUXATION. 

\\-\\ 

B-P. 

B-W. 

O 

t 

IVcim. 

Value. 

PifT. 

Value. 

Diff. 

Value. 

Diff. 

20 

15 

•2250 

0 

•69223 

1472 

1 

•02126 

904 

•3-2903 

568 

20 

42 

•2300 

0 

•70695 

14C7 

1 

•03030 

904 

•32335 

563 

21 

09 

•2350 

0 

•72162 

1463 

1 

•03934 

905 

•31772 

558 

21 

36 

•2400 

0 

•73625 

1458 

1 

•04839 

906 

•31214 

552 

22 

03 

•2450 

0 

•75083 

1454 

1 

•05745 

906 

•306G2 

547 

22 

30 

•$500 

0 

•76537 

1449 

1 

•06651 

908 

•30115 

542 

22 

57 

•2550 

0 

•77986 

1444 

1 

•07559 

908 

•29573 

536 

23 

24 

•2600 

0 

•79430 

1439 

1 

•08467 

908 

•29037 

531 

23 

51 

•2650 

0 

•80869 

1434 

1 

•09375 

909 

•28506 

525 

24 

18 

•2700 

0 

•82303 

1429 

1 

•10284 

909 

•27981 

520 

24 

45 

•2750 

0 

•83732 

1424 

1 

•11193 

910 

•27461 

514 

25 

12 

•2800 

0 

85156 

1419 

1 

•12103 

910 

•26947 

509 

25 

89 

•2850 

0 

86575 

1413 

1 

•13013 

909 

•26438 

503 

26 

06 

•2900 

0 

87988 

1408 

1 

•13922 

910 

•25935 

499 

26 

33 

•2950 

0 

89396 

1402 

1 

•14832 

910 

•25436 

492 

27 

00 

•3000 

0 

90798 

1397 

1 

15742 

910 

•24944 

487 

27 

27 

•3050 

0 

92195 

1391 

1 

16652 

909 

•24457 

482 

27 

54 

•3100 

0 

93586 

1385 

1 

17561 

909 

•23975 

476 

28 

21 

•3150 

0 

94971 

1380 

1 

18470 

909 

•23499 

471 

28 

48 

•3200 

0 

96351 

1373 

1 

19379 

908 

•23028 

465 

29 

15 

•3250 

0 

97724 

1368 

1 

20287 

908 

•22563 

460 

29 

42 

•3300 

0 

99092 

1361 

1 

21195 

907 

•22103 

454 

30 

09 

•3350 

1 

00453 

1355 

1 

22102 

906 

•21649 

449 

30 

36 

•3400 

1 

01808 

1H49 

1 

23008 

906 

•21200 

444 

31 

03 

•3450 

1 

03157 

1343 

1 

23914 

904 

•20756 

438 

31 

30 

•3500 

1 

04500 

1336 

1 

24818 

904 

•20318 

432 

31 

57 

•3550 

1 

05836 

1329 

1 

25722 

902 

•19886 

427 

32 

24 

•3600 

1 

07165 

1323 

1 

26624 

901 

•19459 

422 

32 

51 

•3650 

1 

08488 

1317 

1 

27525 

900 

•19037 

416 

33 

18 

•3700 

1 

09805 

1309 

1 

28425 

899 

•18621 

411 

33 

45 

•3750 

1 

11114 

1303 

1 

29324 

897 

•18210 

406 

34 

12 

•3800 

1 

12417 

1295 

1 

30221 

896 

•17804 

400 

34 

39 

•3850 

1 

13712 

1289 

1 

31117 

894 

•17404 

394 

35 

06 

•3900 

1 

15001 

1282 

1 

•32011 

892 

•17010 

390 

35 

33 

•3950 

1 

16283 

1274 

1 

•32903 

891 

•16620 

384 

36 

00 

•4000 

1 

17557 

1267 

1 

•33794 

888 

•16236 

378 

36 

27 

•4050 

1 

18824 

1260 

1 

•34682 

887 

•15858 

373 

36 

54 

•4100 

1 

20084 

1252 

1 

•35569 

884 

•15485 

368 

37 

21 

•4150 

1 

21336 

1245 

1 

•36453 

883 

•15117 

363 

37 

48 

•4200 

1 

22581 

1238 

1 

•37336 

880 

•14754 

357 

38 

15 

•4250 

1 

•23819 

1230 

J 

•38216 

877 

•14397 

352 

38 

42 

•4300 

1 

•25049 

1222 

1 

•39093 

876 

•14045 

347 

39 

09 

•4350 

1 

•26271 

1214 

1 

•39969 

872 

•13698 

341 

39 

36 

•4400 

1 

•27485 

1206 

1 

•40841 

871 

•13357 

337 

40 

03 

•4450 

.  1 

•28691 

1199 

1 

•41712 

867 

•13020 

331 

40 

30 

•4500 

1 

•29890 

1190 

1 

•42579 

864 

•12689 

326 

40 

57 

•4550 

1 

•31080 

1182 

1 

•43443 

862 

•12363 

320 

41 

24 

•4600 

1 

•32262 

1175 

1 

•44305 

859 

•12043 

316 

41 

51 

•4650 

1 

•33437 

1166 

1 

•45164 

855 

•11727 

310 

42 

18 

•4700 

1 

•34603 

1157 

1 

•46019 

853 

•11417 

306 

42 

45 

•4750 

1 

•35760 

1149 

1 

•46872 

849 

•11111 

300 

43 

12 

•4800 

1 

•36909 

1141 

1 

•47721 

845 

•10811 

295 

43 

39 

•4850 

1 

•38050 

1133 

1 

•48566 

842 

•10516 

290 

44 

06 

•4900 

1 

•39183 

1123 

1 

•49408 

839 

•10226 

285 

44 

33 

•4950 

1 

•40306 

1115 

1 

•50247 

835 

•09941 

281 
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INCLINATION. 

W-P. 

B-P. 

B-W. 

o 
45 

00 

Decim. 
•5000 

1 

Value. 
•41421 

Diff. 
1107 

1 

Vain*. 
•51082 

Diff. 
831 

V.,'"- 

•09660 

i  •_.•; 

45 
45 

27 
54 

•5050 
•5100 

1 
1 

•42528 
•43625 

1097 
1089 

1 
1 

•51913 
•52740 

827 
824 

•09385 
•09115 

270 

46 

21 

•5150 

1 

•44714 

1080 

1 

•53564 

819 

•08850 

261 

46 

48 

•5200 

1 

•45794 

1070 

1 

•54383 

815 

•08589 

m 

47 

15 

•5250 

1 

•46864 

1062 

1 

•55198 

811 

•08333 

250 

47 

42 

•5300 

1 

•47926 

1053 

1 

•56009 

806 

•08083 

Mi 

48 

09 

•5350 

1 

•48979 

1043 

1 

•56815 

803 

•07837 

242 

48 

36 

•5400 

1 

•50022 

1034 

1 

•57618 

797 

•07595 

49 

03 

•5450 

1 

•51056 

1025 

1 

•58415 

793 

•07359 

M 

49 

30 

•5500 

1 

•52081 

1016 

1 

•59208 

788 

•07127 

227 

49 

57 

•5550 

1 

•53097 

1006 

1 

•5l>996 

784 

•06900 

223 

50 

24 

•5600 

1 

•54103 

996 

1 

•60780 

778 

•06677 

218 

50 

51 

•5650 

1 

•55099 

987 

1 

•61558 

774 

•06459 

213 

51 

18 

•5700 

1 

•56086 

977 

1 

•62332 

768 

•06246 

209 

51 

45 

•5750 

1 

•57063 

968 

1 

•63100 

763 

•06037 

205 

52 

12 

•5800 

1 

•58031 

958 

1 

•63863 

758 

•05832 

IM 

52 

39 

•5850 

1 

•58989 

948 

1 

•64621 

753 

•05632 

195 

53 

06 

•5900 

1 

•59937 

938 

1 

•65374 

747 

•05437 

191 

53 

33 

•5950 

1 

•60875 

928 

1 

•66121 

741 

•05246 

187 

54 

00 

•6000 

1 

•61803 

919 

1 

•66862 

736 

•05059 

183 

54 

27 

•6050 

1 

•62722 

908 

1 

•67598 

730 

•04876 

178 

54 

54 

•6100 

1 

•63630 

898 

1 

•68328 

724 

•04698 

174 

55 

21 

•6150 

1 

•64528 

888 

1 

•69052 

718 

•04524 

170 

55 

48 

•6200 

1 

•65416 

878 

1 

•69770 

713 

•04354 

165 

56 

15 

•6250 

1 

•66294 

867 

1 

•70483 

705 

•04189 

162 

56 

42 

•6300 

1 

•67161 

858 

1 

•71188 

700 

•04027 

158 

57 

09 

•6350 

1 

•68019 

847 

1 

•71888 

694 

•03869 

153 

57 

36 

•6400 

1 

•68866 

836 

1 

•72582 

687 

•03716 

150 

58 

03 

•6450 

1 

•69702 

826 

1 

•73269 

680 

•03566 

145 

58 

30 

•6500 

1 

•70528 

815 

1 

•73949 

674 

•03421 

142 

58 

57 

•6550 

1 

•71343 

805 

1 

•74623 

667 

•03279 

M 

59 

24 

•6600 

1 

•72148 

795 

1 

•75290 

660 

•03141 

134 

59 

51 

•6650 

1 

•72943 

783 

1 

•75950 

653 

•03007 

in 

60 

18 

•6700 

1 

•73726 

773 

1 

•76603 

647 

•02877 

127 

60 

45 

•6750 

1 

•74499 

762 

1 

•77250 

639 

•02750 

122 

61 

12 

•6800 

1 

•75261 

752 

1 

•77889 

632 

•02628 

120 

61 

39 

•6850 

1 

•76013 

740 

1 

•78521 

625  . 

•02508 

115 

62 

06 

•6900 

1 

•76753 

730 

1 

•79146 

617 

•02398 

113 

62 

33 

•6950 

1 

•77483 

718 

1 

•79763 

610 

•02280 

108 

63 

00 

•7000 

1 

•78201 

708 

1 

•80373 

602 

•02172 

106 

63 

27 

•7050 

1 

•78909 

697 

1 

•80975 

595 

•02066 

101 

63 

54 

•7100 

1 

•79606 

685 

1 

•81570 

587 

-01966 

• 

64 

21 

•7150 

1 

•80291 

674 

1 

•82157 

579 

•01866 

95 

64 

48 

•7200 

1 

•80965 

664 

1 

•82736 

571 

•01771 

M 

65 

15 

•7250 

1 

•81629 

652 

1 

•83307 

564 

•01679 

89 

65 

42 

•7300 

1 

•82281 

640 

1 

•*:ts7i 

555 

•01590 

M 

66 

09 

•7350 

1 

•82921 

630 

I 

•84426 

547 

•01504 

88 

66 

36 

•7400 

1 

•83551 

618 

1 

•84973 

538 

•OHM 

80 

67 

03 

•7450 

1 

•84169 

607 

1 

•85511 

530 

•01342 

77 

67 

30 

•7500 

i 

•84776 

595 

1 

•86041 

522 

•01265 

78 

67 

57 

•7550 

i 

•85371 

584 

1 

B6668 

513 

•01192 

71 

68 

24 

•7600 

i 

•85955 

573 

1 

s7»>7«> 

505 

•oirji 

M 

68 

51 

•7650 

i 

86528 

561 

1 

87581 

496 

•01053 

65 

69 

18 

•7700 

i 

87089 

549 

1 

88077 

486 

•00988 

68 
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INCLINATION. 

W-P. 

B-P. 

B-W. 

o 

i 

JVcim. 

Value. 

Diff. 

Value. 

Diff. 

Value. 

I  'iff. 

69 

45 

•7750 

1 

•87638 

538 

1 

•88563 

478 

•00925 

60 

70 

12 

•7800 

1 

•88176 

526 

1 

•89041 

470 

•00865 

57 

70 

39 

•7850 

1 

•88702 

515 

1 

•89511 

459 

•00808 

55 

71 

06 

•7900 

1 

•89217 

503 

1 

•89970 

451 

•00753 

52 

71 

33 

•7950 

1 

•89720 

491 

1 

•90421 

442 

•00701 

49 

72 

00 

•8000 

1 

•90211 

480 

1 

•90863 

432 

•00652 

48 

72 

27 

•8050 

1 

•90691 

468 

1 

•91295 

423 

•00604 

45 

72 

54 

•8100 

1 

•91159 

456 

1 

•91718 

413 

•00559 

43 

73 

21 

•8150 

1 

•91615 

444 

1 

•92131 

404 

•00516 

40 

73 

48 

•8200 

1 

•92059 

432 

1 

•92535 

394 

•00476 

39 

74 

15 

•8250 

1 

•92491 

420 

1 

•92929 

384 

•00437 

36 

74 

42 

•8300 

1 

•92911 

409 

1 

•93313 

374 

•00401 

34 

75 

09 

•8350 

1 

•93320 

397 

1 

•93687 

364 

•00367 

32 

75 

36 

•8400 

1 

•93717 

384 

1 

•94051 

355 

•00335 

31 

76 

03 

•8450 

1 

•94101 

373 

1 

•94406 

844 

•00304 

28 

76 

30 

•8500 

1 

•94474 

361 

1 

•94751 

334 

•00276 

27 

76 

57 

•8550 

1 

•94835 

348 

1 

•95084 

824 

•00249 

24 

77 

24 

•8600 

1 

•95183 

837   - 

1 

•95408 

313 

•00225 

24 

77 

51 

•8650 

1 

•95520 

325 

1 

•95721 

303 

•00201 

21 

78 

18 

•8700 

1 

•95845 

312 

1 

•96024 

293 

•00180 

20 

78 

45 

•8750 

1 

•96157 

300 

1 

•96317 

282 

•00160 

18 

79 

12 

•8800 

1 

•96457 

289 

1 

•96599 

271 

•00142 

17 

79 

39 

•8850 

1 

•96746 

276 

1 

•96870 

261 

•00125 

16 

80 

06 

•8900 

1 

•97022 

264 

1 

•97131 

250 

•00109 

14 

80 

33 

•8950 

0 

•97286 

252 

1 

•97381 

239 

•00095 

13 

81 

00 

•9000 

1 

•97538 

239 

1 

•97620 

228 

•00082 

12 

81 

27 

•9050 

1 

•97777 

228 

1 

•97848 

217 

•00070 

10 

81 

54 

•9100 

1 

•98005 

215 

1 

•98065 

205 

•00060 

10 

82 

21 

•9150 

1 

•98220 

203 

1 

•98270 

195 

•00050 

8 

82 

48 

•9200 

1 

•98423 

191 

1 

•98465 

183 

•00042 

7 

83 

15 

•9250 

1 

•98614 

178 

1 

•98648 

172 

•00035 

7 

83 

42 

•9300 

1 

•98792 

166 

1 

•98820 

161 

•00028 

5 

84 

09 

•9350 

1 

•98958 

154 

1 

•98981 

149 

•00023 

5 

84 

36 

•9400 

1 

•99112 

142 

1 

•99130 

138 

•00018 

4 

85 

03 

•9450 

1 

•99254 

129 

1 

•99268 

126 

•00014 

4 

85 

30 

•9500 

1 

•99383 

118 

1 

•99394 

114 

•00010 

3 

85 

57 

•9550 

1 

•99501 

104 

1 

•99508 

103 

•00007 

2 

86 

24 

•9600 

1 

•99605 

93 

1 

•99611 

90 

•00005 

1 

86 

51 

•9650 

1 

•99698 

80 

1 

•99701 

79 

•00004 

2 

87 

18 

•9700 

1 

•99778 

68 

1 

•99780 

67 

•00002 

1 

87 

45 

•9750 

1 

•99846 

55 

1 

•99847 

55 

•00001 

0 

88 

12 

•9800 

1 

•99901 

43 

1 

•99902 

43 

•00001 

1 

88 

39 

•9850 

1 

•99944 

31 

1 

•99945 

30 

•ooooo 

0 

89 

06 

•9900 

1 

•99975 

19 

1 

•99975 

19 

•ooooo 

0 

89 

33 

•9950 

1 

•99994 

6 

1 

•99994 

6 

•ooooo 

0 

90 

00 

1-0000 

2 

•ooooo  . 

•• 

2 

•ooooo 

•• 

•ooooo 

•• 

In  order  to  make  the  use  of  this  table  clear,  we  give  an  example : — 

Let  the  distance  between  the  centres  be  26  in.,  the  first  diameter  on  the  wheel  27  in.,  the 
first  on  the  pulley  3*65,  and  the  fourth  on  the  pulley  7 '80,  it  ia  required  to  compute  the  fourth 
diameter  on  the  wheel. 

The  first  business  is  to  reduce  these  dimensions  to  decimal  parts  of  the  distance  between  the 
centres;  this  is  done  by  dividing  them  all  by  26;  the  results  are  W,  =  1-03846;  P,  =  '14038; 
P4  =  -30000.  From  these  we  find  W,  —  P,  =  -89808,  and  we  have  to  seek,  by  help  of  the  table, 
the  corresponding  value  of  B  —  P,.  Now,  the  nearest  number  to  the  above  -89808  which  we  find 
in  the  table  is  -89396,  which  corresponds  to  B  —  P  =  J  •  14832 ;  we  have,  therefore,  to  make  a  cor- 
rection by  interpolating  by  means  of  the  proportion  1402  :  910  1 :  412  :  267 ;  wherefore  the  value 
of  B  —  P,  comes  out  1-15099,  and  adding  to  this  the  value  of  P,  we  have  the  belt-diameter 
B  =  1-29137.  (If  it  were  worth  while,  we  might  convert  this  into  inches,  obtaining  33-5756  in. 
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for  the  diameter  of  the  wheel  round  which  the  belt  would  just  fit,  and  ffivine  105-48  in  for  the 
length  of  the  belt  itself.) 

Subtracting  the  fourth  pulley  diameter,  namely,  -30000,  from  this,  we  find  B  —  P   =  -99137 
Seeking  in  the  proper  column  for  this  number,  we  find  -98525,  differing  from  what*  u  wanted 


be  arranged  thus : — 

W,  '..      =  1-03846 

P,          =      -14038 


W,-P,          ..     =     -89808 

Table       -89396 


Tabular  Error        412;  1402  :  910  ::  412  :  267 

Table       1-14832 

Correction       +          267 


B-P, =  1-15099 

P, =     -14038 

B  =  1-29137 

P4 =     -30000 


B-P4 ..      =     -99137 

Table       -98525 


Error       612 ;  899  :—  1488  ::  612  I  1013 


Table       -63295 

Correction  +        1013 


W4  -  P4 =     -64308 

P4 =     -30000 


W4 =     -94308  =  24 -520  in. 

To  this  it  may  be  necessary  to  add  an  example  in  which  the  diameter  of  the  pulley  is  wanted : — 
Let  the  distance  between  the  centres  be  27-5  in.,  the  lesser  diameter  on  the  pulley  3-5,  the 

greater  diameter  on  the  wheel  27,  and  the  lesser  diameter  on  the  wheel  24 ;  and  let  us  compute 

the  corresponding  greater  diameter  on  the  pulley. 

Dividing  all  by  27  -5,  we  obtain  P,  =  -12727,  W,  =  -98182,  W,  =  -87273;  whence 

W, =     -98182 

P, =     -12727 

W,-P, =     -85455 

Table  '85156 


Error        ..      299 ;  1419  :- 509  ::  299  :- 107 

Table       '2C947 

Correction  ..      ..     -          107 


B  — W. =  -26840 

W, =  -98182 

B                     =  1-25022 

W,   .  =  -87273 


B-W- =     '37749 

Table       -38257 

Error  -          508;  -  616  :  1507  : !  -  508  :  I8tt 


Table       -55798 

Correction  ..      ..     +        1243 


W.-P, =     '57041 

W,  =     -87273 


pf =     -30232  =  8-314  in. 

If  a  set  of  pulleys  and  wheels  be  suited  to  each  other,  so  that  one  band  may  go  ronnd  «u-h  put 
and  if  another  set  be  made  by  augmenting  all  the  diaraotcn  by  one  and  the  •am*  quai 
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this  second  set  also  will  have  the  property  of  bein^  suited  to  one  bund.    Hence,  if  a  pair  of  driving 
cones  be  suited  to  a  belt  of  one  thickness,  they  will  also  suit  a  belt  of  any  other  thickness. 

When  we  have  to  do  with  wheels  to  be  driven  by  means  of  round  bands,  and  in  which  the  edges 
are  grooved,  it  is  convenient  to  make  the  calculations  as  for  the  diameters  of  the  cylindric  surfaces 
A  A,  into  which  the  grooves  are  to  be  cut,  and  wo  must  take  earo.  after 

these  cyliudrio  fillets  are  dressed,  to  cut  all  the  grooves  to  one  gauge.  [\A 

This  being  done,  and  a  band  of  any  thickness  being  fitted  to  one  pair  of  * 

grooves,  the  same  band  will  fit  the  remaining  pairs. 

When  the  belts  are  to  bo  crossed,  there  is  no  trouble  in  computing 
the  diameters;  for  if  the  sum  of  the  two  diameters  be  kept  the  same,  tin- 
length  of  the  belt  remains  unchanged.  In  order  to  compute  the  length 
of  a  crossed  belt,  we  have  only  to  enter  the  column  titled  W  —  P  with 
the  sum  of  the  diameters  instead  of  their  difference,  and  then  the  corre- 
sponding value  in  the  column  B  —  P  is  the  belt  diameter.  Such  a  com- 
putation is  very  seldom  needed,  but  merely  for  the  sake  of  completeness 
an  example  is  added. 

The  distance  between  the  centres  being  30  in.,  and  the  diameters  of 
the  wheel  and  pulley  being  43  in.  and  7  in.  respectively,  the  length  of  the 
crossed  belt  is  wanted. 


V 


Here  the  sum  of  the  diameters  is  50  in. :  this  divided  by  30  gives  W  +  P  =  1  •  66667 :  hence 

W  +  P 1-66667 

Table  1- 66294 


Error 


373 ;  867  :  705  : :  373  :  303 


Table       .. 
Correction 


1-70483 
303 


B      =     1-70786  =  51 -236  in. 

whence  the  length  of  the  crossed  belt  is  161  -05  in. 

When  a  belt  is  passed  over  the  circumferences  of  two  pulleys,  so  as  to  connect  the  motion  of  thn 
one  with  that  of  the  other,  it  seems  as  if  the  velocities  of  these  two  circumferences  ought  to  be 
alike ;  and  that  difference  which  is  observed  whenever  a  belt  is  used  for  communicating  determi- 
nate velocities,  has  been  attributed  to  the  slipping  of  the  belt,  or  to  that  imaginary  cause,  the 
imperfection  of  machinery.  The  actions  of  machines,  however,  are  governed  by  laws  as  exact  and 
invariable  as  those  which  regulate  the  motions  of  the  planets ;  and  what  we  call  the  imperfections 
of  those  actions  are  only  evidences  of  our  ignorance  of,  or  our  inattention  to,  those  properties  of 
matter  from  which  they  inevitably  follow.  These  accommodations,  as  we  may  call  them,  are  essen- 
tial to  the  comfortable  action  of  machines,  and  bring  within  our  reach  the  use  of  contrivances 
which  would  otherwise  demand  unattainable  perfection  in  workmanship.  An  investigation  of  the 
action  of  the  driving-belt  shows  that  its  supposed  imperfection  is  an  accompaniment  essential  to 
this  mode  of  propulsion,  and  governed,  like  all  other  natural  phenomena,  by  precise  laws. 

To  place  the  nature  of  the  action  in  a  clear  light,  let  Fig.  668  represent  a  pair  of  wheels  con- 
nected by  a  belt,  A  being  the  centre  of  the  driving,  B  that  of  the  driven  wheel,  and  C  D  E  F  G  H 
the  belt  moving  in  the  direction  of  the  letters. 

The  apparatus  being  brought  to  rest,  and  the  tensions  on  the  two  open  parts,  C  D  and  F  G,  of 
the  belt  being  alike,  let  us  attempt  to  put  it  in  motion  by  applying  pressure  to  the  wheel  A.  The 
wheel  B  will  not  begin  to  move  until  A  has  first  turned  a  little  round,  so  as,  by  augmenting  the 
tension  on  F  G,  and  relaxing  that  on  C  D,  to  create  a  difference  of  tension  sufficient  to  overcome 
the  resistance  offered  to  the  motion  of  the  wheel  B.  But  this  difference  of  tension  can  only  be 

668.  669 


created  by  the  adhesion  of  the  belt  G  C  H  to  the  surface  of  the  wheel  A,  and  can  only  be  permitted 
to  exist  by  the  similar  adhesion  of  D  E  F  to  the  surface  of  the  wheel  B.  And  again,  these  frictions 
necessarily  depend  on  the  pressure  which  the  belts  exert  upon  the  surface  of  each  wheel ;  so  that 
the  first  branch  of  our  inquiry  must  be  into  the  law  of  the  pressure  of  a  belt  against  the  curved 
surface  to  which  it  is  applied. 

Let  then  F  G  H  C  D,  Fig.  669,  represent  a  belt  which,  while  kept  to  a  uniform  tension,  has  been 
partially  wound  on  the  circumference  of  the  wheel  A.  Our  business  is  to  discover  the  pressure 
which  the  belt  exerts  against  each  portion  of  the  arc  G  C  H. 
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Having  bisected  the  arc  of  contact  in  H,  assume  a  small  element  Pp  of  the  half  II  r. 
pressure  on  this  minute  portion  of  the  circumference  of  the  wheel,  necessarily  directed  to  L 
centre  A  may  be  decomposed  into  two  portions,  one  parallel  to  and  the  other  i>erpendicuUr  to  HA 
That  part  which  is  perpendicular  to  HA  is  balanced  by  a  similar  pressure  obtained  from  the 
corresponding  element  of  the  arc  HC,  and  so  is  eliminated;  but  that  part  which  is  parallel  to 
H  A  is  augmented  by  the  analogous  pressure  on  the  other  side,  and  the  sum  or  into-Tal  of  all  «uch 
pressures  must  make  up  the  resultant  of  the  tensions  of  the  two  free  part*  of  the  belt     If  we  D 
r  for  the  radius  of  the  wheel,  a  for  the  angle  H  A  P,  and  da  for  the  minute  increment  P  A  p  (.1  a  i. 
termed  the  differential  of  a  very  email  angle,  not  d  x  a;  this  is  the  very  clumsy  notation  of  the 
differential  calculus),  also  p  for  the  pressure  of  the  belt  against  a  linear  unit  of  thV  «-ir. 
pr  da  must  represent  the  pressure  of  the  belt  against  the  arc  P/>,  of  which  the  length  u  rda 

This  pressure,^  rda,  acting  in  the  direction  PA,  gives,  when  estimated  in  the  din-  1  •  -,  II  \ 
the  value  .pr,  cos.  a.  da.  The  integral  of  this  for  the  angle  a  ispr  sin.  «,  ami  th.  r.  -f..r.-  if  \  r.  -i.i,  •'- 
sent  the  angle  HAG,  2pr  sin.  A  is  the  value  of  the  whole  pressure  of  tin  Wit  a-uih-t  th- 
surface  G  H  C,  estimated  in  the  direction  H  A.  But  if  s  be  put  for  the  uniform  strain  on  the  belt 
2s  sin.  A  is  the  value  of  the  resultant  of  the  two  tensions  G  F  and  C  D,  wherefore  p  r  =  $  because 
2  p  r  sin.  A  =  2  s  sin.  A  ;  that  is  to  say  — 

The  pressure  of  the  belt  against  a  portion  of  the  circumference  equal  in  lenjth  to  the  radiut  it  jutt 
equal  to  the  strain  on  the  belt. 

Or,  as  it  may  otherwise  be  stated,  The  pressure  against  a  linear  unit  of  the  circumference  it  equal 
to  the  tension  of  the  belt  divided  by  the  number  of  the  linear  units  in  the  radius  of  currafure  tine* 


Before  proceeding  to  apply  this  principle  to  the  investigation  of  friction,  it  is  necessary  to  point 
out  one  or  two  important  corollaries  :  — 

When  a  cord,  supposed  to  be  of  uniform  tension,  is  wound  round  any  object  which  U  not  cylin- 
dric,  the  pressure  is  greatest  upon  those  parts  which  are  most  salient,  since  the  radius  of  curvature 
there  is  the  least,  and  therefore  the  tendency  is  to  bring  the  object  nearer  to  tho-cylindric  form. 

Again,  if  a  belt  be  passed  over  two  wheels  of  different  diameters,  the  pressure  per  linear  inch 
is  greater  on  the  circumference  of  the  smaller  wheel,  and  hence  the  tear  and  wear  lioth  of  the  Wit 
and  of  the  surface  must  be  greater  there  :  and  since  the  parts  of  the  smaller  wheel  corao  more  fre- 
quently round  to  be  acted  on  than  do  those  of  the  larger,  it  follows  that  the  abrasion  on  the  leant 
wheel  is  greater  than  that  on  the  larger,  roughly,  in  the  inverse  ratio  of  the  squares  of  their 
diameters.  This  is  in  accordance  with  the  fact,  well  known  to  turners,  that  the  pulley-groove 
wears  away  many  times  faster  than  the  groove  in  the  fly-wheel. 

When  a  guide-pulley  is  used  to  deflect  or  to  tighten  a  band,  the  pressure  upon  it  is  inversely 
proportional  to  the  radius  of  the  pulley  ;  and  the  injury  done  to  it  must,  on  account  of  the  greater 
flexure,  be  in  a  still  higher  ratio  :  hence  the  importance  of  having  such  pulleys  made  as  large  as 
circumstances  will  allow.  It  is  to  be  remarked  that  the  angle  of  deflection  has-  nothing  to  d«>  with 
this  action,  which  remains  the  same  however  small  or  however  great  the  arc  of  contact  may  be  ; 
the  amount  of  deflection,  however,  has  to  do  with  the  friction  on  the  axis  of  the  pulley,  and  cannot 
be  overlooked  in  an  estimate  of  the  general  working  of  the  machinery. 

When  the  radius  of  curvature  is  very  small,  the  injury  done  to  the  surface  of  the  belt  by  what 
may  be  called  a  mere  contact,  becomes  very  great,  being  inversely  as  the  mdius  of  curvature  and 
directly  as  the  tension  :  hence  the  ease  with  which  a  tight  cord  is  cut.  The  edge  of  the  knife  has 
its  radius  of  curvature  excessively  small,  and  its  penetrating  power  is  enormous. 

In  this  investigation  we  have  assumed  the  belt  to  be  uniformly  tense,  and  the  snrfaco  to  1*> 
uniformly  curved  throughout.  To  accommodate  the  result  to  those  cases  in  which  the  tension  and 
the  curvature  are  variable,  we  must  restrict  the  formula  to  an  infinitesimal  i»ortion  of  the  arc  of  con- 
tact. Thus,  if  a  be  the  inclination  of  the  normal  to  a  fixed  line,  r  the  radius  of  curvature  of  th<» 
arc,  and  therefore  rda  the  length  of  an  element  of  that  arc,  we  shall  have  prda  -  ida,  so  that 
the  pressure  of  the  belt  against  a  small  portion  of  the  curved  surface  is  proportional  to  its  angular 
extent  and  to  the  tension  of  the  belt,  without  reference  to  the  radius  of  curvature.  Bombf  t  In- 
tension to  be  alike,  the  pressure  of  the  belt  on  one  degree  of  the  circumference  of  the  pulley  ia  ju«t 
equal  to  its  pressure  on  one  degree  of  the  circumference  of  the  wheel. 

When  the  tension  of  the  belt  is  not  uniform,  there  must  be  a  tendency  to  slip  from  those  narU 
where  the  tension  is  small  towards  those  where  the  tension  is  great,  and  this  tendency  can  only  ho 
counteracted  by  the  friction  on  the 
intermediate  surface.  So  long  as 
this  friction  exceeds  the  differ*  nee 
between  the  two  tensions  there  can 
be  no  change  ;  but  whenever  the 
difference  of  tension  exceeds  the 
friction  on  the  intermediate  arc  of 
contact  the  belt  must  slip.  Thus, 
if  the  belt  at  G,  Fig.  670,  be 
strained  to  a  tension  S,  while  at  P  c 

the  tension  is  only  s,  there  can  be 
no  slipping  when  the  friction  on 
the  intermediate  arc  G  P  is  greater 

than  8  —  s;  and  therefore,  if  the  belt  bo  actually  slipping,  or  on  the  point  of  slipping,  U> 
on  GP  must  be  exactly  equal  to  the  difference  between  the  strains  8  and  *. 

Experiment  has  shown  that,  for  all  practical  purposes,  friction  may  be  regardo 
the  pressure  a  ratio  constant  for  the  same  materials,  but  varying  from  01 


670. 
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juid  this  ratio,  represented  by  what  in  called  the  coefficient  of  friction,  has  been  determined  for  a 
iriv:it  variety  of  substances.  Let  us  put  /  for  this  coefficient,  so  that,  j>  being  the  pressure,  fp  may 
be  the  corresponding  friction. 

Take  now  P/>,  a  minute  increment  to  the  arc  CP;  the  difference  between  the  tensions  at  P 
and  p,  when  the  belt  is  slipping,  must  be  equal  to  the  friction  on  the  intermediate  arc  Pp.  Now, 
although  in  strictness  the  tension  augments  from  P  to  p,  yet  when  Pp  is  supposed  to  be  infini- 
tesimally  minute,  we  may  neglect  this  variation,  and  assume  that  the  pressure  upon  the  arc  P/'  is 
sda,  and  that,  therefore,  the  friction  upon  that  arc  is  fsda.  In  this  way  the  increment  of  the 

tension  from  P  top  becomes  ds  =  fsda,  whence  —  =  fda. 

It  is  well  known  that  the  quotient  of  the  differential  of  a  variable  by  the  variable  itself,  is  the 
differential  of  the  hyperbolic  logarithm  of  that  variable;  wherefore,  passing  from  differentials  to 
their  integrals,  we  have  fa  =  log.€  s  +  constant. 

If  then  A  and  a  be  the  inclinations  of  two  normals  to  a  fixed  line,  S  and  s  the  tensions  of  thn 
belt  at  their  extremities,  we  must  have  /A  =  log.(  S  +  constant,  fa-  log.fs  +  constant,  and 
subtracting,  in  order  to  eliminate  the  intermediate  constant  introduced  by  the  integration,  we  get 


It  thus  appears  that,  when  a  belt  is  slipping,  the  difference  between  the  logarithms  of  the  ten- 
sions at  two  points  is  proportional  to  the  angular  interval  between  those  points,  without  any  regard 
to  the  radius  of  curvature,  and  that,  therefore,  this  law  holds  good  of  unequably  as  well  as  of 
uniformly  curved  surfaces. 

If  we  measure  off  a  series  of  equal  angles,  G  A  P,  P  A  H,  H  A  I,  I  A  K,  and  so  on,  the  logarithms 
of  the  tensions  at  the  points  G,  P,  H,  I,  K,  and  so  on,  must  be  in  arithmetical  progression,  and  the 
tensions  themselves  in  continued  proportion  :  this  is  also  evident  when  we  put  the  above  equation 

S  ft  A  "\ 

under  the  form  —  =  e    '      °  ,  in  which  «  is  the  basis  of  the  hyperbolic  system  of  logarithms. 

S 

In  order  to  prepare  the  above  formula  for  actual  use,  we  convert  the  neperian  into  common 
logarithms  by  multiplying  each  side  of  the  equation  by  M  =  -43429  44819,  and  so  on,  the  modulus 

Q 

of  common  logarithms,  and  obtain  M/  (A  —  a)  =  log.  — 

s 

But  here  again  the  angles  A  and  a  are  represented  by  arcs  measured  in  parts  of  the  radius, 
whereas  it  is  customary  to  estimate  them  in  degrees.  Now,  for  half  a  turn  A  —  «  is  v  =  3-14159 
26536,  wherefore  for  1°  of  the  ancient  (or  common)  division  the  difference  of  logarithms  must  be 

M/-^r  ,  or  for  one  degree  of  the  modem  division  M/  -^--    Wherefore  if  a°  be  the  number  of 

lot)  ^iOO 

ancient,  a*  the  number  of  centesimal  degrees  over  which  the  belt  touches, 

a 

log.  -  =  fa°  x  -00757  98686 

=  ftf  x  -00682  18818 

will  give  the  ratio  of  the  tensions  at  its  two  extremities  when  the  belt  is  slipping.  For  half  a  turn 
the  difference  of  the  logarithms  is  /  x  1-36437  63538;  and  thus,  if  the  friction  between  the  two 
surfaces  were  equal  to  the  pressure,  the  ratio  between  the  tensions  of  the  two  ends  of  a  belt  bent 
half  round  any  cylindroid  would  need  to  be  23  :  1  before  the  belt  would  begin  to  slip. 

When  we  know  the  coefficient  of  friction  and  the  angle  of  contact,  we  can  compute,  by  the 
above  formula,  the  ratio  of  the  tensions  ;  conversely,  if  we  have  obtained  the  ratio  of  the  tensions 
by  experiment,  we  can  compute  the  coefficient  of  friction  ;  or,  lastly,  having  given  the  coefficient  of 
friction,  we  can  calculate  the  angular  extent  which  may  cause  a  given  ratio  between  the  tensions. 

If,  in  the  material  used,  the  friction  were  one-fourth  part  of  the  pressure,  and  if  a  belt  were 
thrown  over  a  fixed  pulley,  as  shown  in  Fig.  671,  the  logarithm  of  the  ratio  of  the  tensions  would 
be  0  •  3410941,  and  the  ratio  itself  would  be  2  •  19328  :  1  ;  so  that  if  a  weight  of  2  •  19  Ibs. 
were  hung  on  at  Q,  a  weight  of  1  Ib.  at  E  would  be  sufficient  to  prevent  it  from  falling, 
whereas  it  would  take  4  '81  Ibs.  at  R  to  draw  Q  up.  If  the  belt  were  thrown  round  so 
as  to  make  the  contact  over  three  half-turns,  the  ratio  of  the  strains  would  be  the  cube 
of  the  preceding,  or  10-5572,  so  that  1  Ib.  at  R  would  prevent  the  fall  of  10  Ibs.  at  Q. 

Hence  the  advantage  which  a  sailor  obtains  by  casting  a  line  round  a  spar.  With 
one  turn  he  is  able  to  resist  a  strain,  say,  four  times  that  which  he  can  exert  directly  ; 
with  another  turn  he  squares  the  ratio  and  obtains  an  advantage  of  sixteen  times; 
with  a  third  turn  an  advantage  of  sixty-four  times.  In  this  way  he  is  able  to  command 
the  strain  on  the  cable,  so  as  by  paying  it  out  to  stem  gradually  the  motion  of  the  ship. 
Hence  also  it  is  that  one  man  pulling  at  the  loose  end  of  a  rope  can  prevent  it  from 
slipping  on  a  windlass  at  which  several  men  are  working. 

Another  example  of  the  application  of  this  law  is  as  follows  :  —  Having  tied  a  weight  to  the  end 
of  a  string,  let  us  give  the  string  a  few  turns  round  the  smooth  axis  of  a  fly-wheel,  and  then  pull 
at  the  free  end.  If  the  weight  be,  say,  1  Ib.,  we  may  exert  a  strain  of  perhaps  60  Ibs.  without 
causing  the  cord  to  slip  upon  the  axis  :  and  by  steadily  continuing  to  pull,  we  put  the  fly-wheel  in 
motion.  But  when  we  cease  to  pull,  the  force  which  the  fly-wheel  has  acquired  carries  it  forwards 
so  as  to  raise  the  weight  and  relieve  the  tension  of  that  end  of  the  cord  by  which  we  hold.  As 
soon  as  this  tension  is  reduced  to  the  sixtieth  part  of  a  pound,  the  cord  slips,  and,  if  we  let  back  the 
string,  the  weight  falls.  In  this  way,  by  alternately  pulling  and  letting  down,  we  generate  motion 
only  in  one  direction,  since  the  resistance  downwards  is  but  a  small  fraction  of  the  pressure  exerted 
upwards. 
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This  rapid  accumulation  of  resistance  explains  the  actions  of  ties,  spliivs,  and  knots  of  all 
kinds:  the  manner  in  which  it  takes  place  is,  on  that  account,  de.servini,'  of  car.  -ftil  .-tti.ly. 

Having  now  considered  the  elementary  principles  on  which  the  union  of  the  driving-bolt 
is  founded,  E.  Sang  proceeds  to  the  proper  subject  of  his  essay. 

Let  us  suppose  that,  while  a  definite  resistance  is  offered  to  the  motion  of  the  wheel  B,  the 
apparatus  represented  in  Fig.  668  is  actually  turning,  in  consequence  of  a  force  communicated 
through  the  wheel  A.  The  free  part,  G  F,  of  the  belt  has  been  strained,  nnd  the  |»rt  C  1>  n-laxed, 
until  the  difference  between  the  two  strains  has  become  equal  to  the  offered  resistance.  Thus  at  Q 
the  belt  is  lapped  upon  the  driver  in  a  distended  state;  but  it  cannot  remain  in  this  htate  until  it 
reach  C,  for  we  have  seen  that  any  difference  in  tension  between  two  parts  of  the  belt  can  only 
exist  in  consequence  of  the  friction  on  the  intermediate  surface.  If  the  angular  distance  t  1  1 
correspond  to  the  ratio  of  the  two  tensions,  the  parts  of  the  belt,  as  soon  an  they  reach  H,  mu»t 
begin  to  contract,  and  so  fall  behind  the  surface  of  the  wheel  in  its  onward  progress;  and  this  con- 
traction must  go  on  until  each  part  arrive  at  C  in  that  particular  state  of  dUtcuaiou  which  is  due 
to  the  strain  on  C  D. 

The  belt,  in  its  now  contracted  state,  is  applied  at  D  to  the  surface  of  tho  pulley  B,  and  pro- 
ceeds along  with  that  surface  until  it  reaches  a  point  E,  having  the  angular  distance  1.  15  F  equal  to 
HAG;  there  it  begins  to  be  distended,  and  it  reaches  F  in  a  state  to  exert  the  tension  on  ! 

Thus  it  appears  that  in  the  ordinary  and  perfect  action  of  a  belt  there  is  necessarily  a  Hlinpiug 
over  the  surfaces  of  the  wheel  and  of  the  pulley;  a  slipping  which  is  evinced  by  the  polish  and 
tear  and  wear  of  those  surfaces.  The  ordinary  notion  that  the  velocity  of  the  wheel  should  be  juat 
that  of  the  belt  is  thus  seen  to  be  altogether  erroneous,  and  the  idea  of  communicating  u  determi- 
nate velocity  by  means  of  a  belt  to  be  quite  a  fallacy. 

If,  on  account  of  increased  resistance  to  the  motion  of  B,  tho  ratio  of  the  tensions  on  F  G  ami 
C  D  be  augmented,  the  extent  of  the  arcs  of  slipping  must  increase  also;  and  as  soon  as  the  ratio 
becomes  what  is  due  to  the  arc  D  F,  the  belt  will  be  drawn  over  the  pulley  without  carrying  it 
along,  and  then  the  belt  slips  in  the  ordinary  acceptation.  Now  the  angle  of  contact  is  greater  on 
the  larger  wheel,  and  therefore  we  may  be  prepared  to  expect  that  the  belt  should  slip  on  too 
pulley.  With  crossed  belts  the  angles  of  contact  are  nearly  alike  on  both  surfaces,  and  minor 
circumstances  are  then  sufficient  to  determine  on  which  of  the  two  the  slipping  will  hapjx  n. 
Hence  it  is  useful  to  arrange  the  machinery  so  that  the  curvature  of  the  slack  part  of  the  belt  may 
augment  the  angle  of  contact;  in  general,  it  is  best  to  have  the  upper  free  part  slack. 

The  remedy  for  the  slipping  is  to  augment  the  general  tension  of  the  belt  either  by  increasing 
the  distance  between  the  centres  or  by  shortening  the  belt;  in  some  cases  by  using  deflecting 
pulleys.  These  remedies  would  have  been  ineffectual  if  the  angular  distance  C  H  had  been  pro- 
portional to  the  difference  between  the  two  tensions  instead  of  to  tho  difference  between  tneir 
logarithms;  but  as  it  is,  when  we  augment  equally  both  strains  we  diminish  the  ratio  between 
them,  and  thus  lessen  the  distance  over  which  the  slipping  takes  place,  so  as  to  bring  it  within 
FD. 

In  practice  it  is  clearly  advantageous  to  have  the  belt  as  slack  as  the  nature  of  the  work  will 
permit,  in  order  to  have  no  avoidable  strain  and  friction  upon  the  axes.  This  arrangement  u 
readily  made  by  trial,  and  must,  indeed,  be  repeatedly  performed  in  consequence  of  the  permanent 
elongation  which  takes  place  in  new  belts  ;  nevertheless,  in  order  to  leave  no  essential  part  of  the 
theory  untouched,  we  propose  to  compute  the  actual  quantity  of  belt  which  must  be  used  to  ant- 
come  a  stated  resistance. 

From  the  dimensions  of  the  machinery  we  can  easily  ascertain  the  angle  D 

if  the  coefficient  of  friction  be  known,  the  utmost  ratio  that  can  1x3  allowed  MtWMB  JM  tttranMon 
the  two  free  parts  of  the  belt.  The  nature  of  the  work  to  be  done  gives  us  th.  ,litV.  r.  n.  •••  1«  t«.  .  u 
those  strains,  and  thus,  by  the  solution  of  a  very  easy  equation,  we  can  compute  the  strains  them- 
selves. 

If  d  be  the  required  difference,  and  if  p  be  the  ratio  of  the  two  strains,  we  must  navo 

8  =  _££.i=    ' 
P-I        p-i 

where,  according  to  what  has  been  already  shown,  p  =  t 

Having  now  ascertained  the  values  of  the  strains  to  which  tho  two  parts  of  the  I 
be  subjected,  we  can  discover  how  much  belt  must  be  used  by  attending  to  the  law  ol 
Bion.    Having  suspended  a  piece  of  it  by  one  end,  and  measured  the  distance  b> 
made  on  it,  we  attach  a  known  weight  to  the  lower  end,  mid  measure  the  i 
between  the  same  marks.     By  this  experiment  we  discover  the  law  of  difltensio 
the  same  material.    Let  x  be  the  extension  of  one  unit  in  length  when  its  own  wcii 
ihen  if  to  be  the  weight  per  foot  of  another  belt  of  the  same  material,  /  1 

and  s  the  strain  to  which  it  is  subjected,  its  length  on  being  strained  becomes  '(*  +  ~  *)• 

For  ordinary  practice  it  is  sufficient  to  suppose  that  tho  whole  length  of  the  belt  is  robj^t.,1  u» 
the  average  of  the  two  strains,  8  and  s,  so  that  if  Q  bo  tho  quantity  of   ,.  It   that  u,  Ui 
measured  when  there  is  no  tension,  and  L  tho  true  length  of  the  lino  C  D  E  *    In, 


When  the  material  is  not  very  extensile,  the  quantity  of  oxtonmon.  or  tl,c  ,hMni 
two  ends  should  want  of  meeting  before  they  are  joined  together,  is  given  to 
precision  by  the  formula,  L  -  Q  =  L  £  ^±-'  ,  from  which  we  see  that  tho  distension  of  th.  fa 
Is  nearly  proportional  to  the  strain  on  the  axes. 
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This  computation  is,  however,  only  approximate.  If  we  wish  to  obtain  a  true  result  we  must 
look  more  narrowly  into  the  conditions  of  the  problem  ;  and  although,  for  practical  purposes,  this 
be  a  mere  refinement  of  exactitude,  it  is  yet  useful  in  leading  to  a  just  perception  of  the  principles 
involved. 

Let  C  be  the  distance  between  the  centres,  R  and  r  the  radii  of  the  two  wheels,  and  i  the  incli- 
nation of  each  free  part  of  the  belt  to  the  straight  line  joining  the  centres  :  then  iu  the  case  of  the 
plain  belt  we  have 

B  —  r  =  C  sin.  i, 
C  D  =  a  cos.  i, 
D  F  =  r  (T  -  2  0, 
GC  =  R(ir  +  20, 

so  that  the  entire  length  of  the  belt,  taking  no  account  of  the  deviation  from  straightness  caused 
by  its  own  weight,  is  L  =  2  C  cos.  i  +  it  (R  +  r}  i  +  2  »  (R  -  r). 

The  belt  is  in  various  states  of  tension  at  different  places.  From  C  to  D  there  is  the  uniform 
tension  s  ;  from  D  the  tension  gradually  increases  to  F,  where  it  becomes  equal  to  S  ;  from  F  to  G 
the  tension  remains  constant,  nor  does  it  begin  to  change  until  we  reach  the  point  A,  so  taken 
that  the  angular  distance  C  A  is  equal  to  D  F  ;  at  that  point  the  tension  begins  to  decrease,  until 
it  is  reduced  to  S  at  the  point  C.  These  are  the  phases  when  the  belt  in  plain  and  when  the 
larger  wheel  drives. 

Putting  k  for  —  ,  that  is,  for  the  extensibility  of  the  actual  belt,  the  quantities  on  the  two 
to 

free  parts  C  D  and  F  G  are  ;  -  j-  and  '     ;  the  length  of  the  arc  G  h  is  L,  4  R  t,  and  since 

1  +  ss          1  +  Ao 

the  tension  on  it  is  S,  when  the  larger  wheel  drives,  the  quantity  of  belt  is  . 

1   -}-  lY  Q 

There  remain  yet  to  be  computed  the  quantities  of  belt  on  the  two  arcs  D  F  and  A  c,  over 
which  the  tension  is  variable.  Since  these  are  similar  arcs  of  different  circles,  and  since  the  grada- 
tion of  strain  is  alike  in  both,  the  quantities  of  belt  on  them  must  be  proportional  to  their  radii, 
and  so  one  investigation  is  enough. 

Let,  then,  6  be  an  arc  over  which  the  tension  varies,  and  let  d  6  be  an  element  of  that  arc,  the 

jadius  being  unit  ;  then  if  s  be  the  strain  at  the  beginning,  s  «        is  the  strain  at  the  end  of  the 

arc,  and  the  quantity  of  belt  applied  tod6isdq  =  dQl  +  ke      s) 

The  integral  of  this  gives  the  quantity  of  belt  on  the  whole  arc  s  to  be 


J  1  +  ksc 

To  adapt  this  general  formula  to  our  present  case,  we  must  put  0  -  it  —  2  »',  and  observe  that 
then  s  «       becomes  the  major  strain  S,  so  that  (R  +  r)  |  IT  -  2  1  +  —  log.e  —  -—  1  is  the  quantity 

of  belt  covering  these  two  arcs.     Hence  the  length  of  the  entire  belt  in  its  unstretched  state  must, 
in  order  to  give  the  requisite  strain,  be 


and  the  amount  of  contraction  when  the  belt  is  taken  off  the  wheels  should  be 

ks  *S  A.I.-R      *8       -R  +  ri         l  +  *B 

^  +  fTFsJ  +  4.R1-TTg  +  -r  log,  n-T-. 

When  the  smaller  wheel  leads  the  larger,  the  tension  on  the  arc  G  A  is  only  s,  and  the  above 
formula  becomes 

k*      ,   1   ,v         M        1  +  *S 

+     (R  +  r)  l0^  - 


And,  when  the  belt  is  crossed,  we  have  a  sin.  t"  =  R  +  r,  and  the  angles  of  contact,  IT  +  2  »' 
each,  the  point,  A,  merging  into  G  ;  hence  the  entire  length  in  that  case  is 
L'  =  2ocos.»'  +  (R  +  r)(»  +  2i'), 

and  the  amount  of  distension,  L1  -  Q"  =  cos.  »"  (  —  —  -  --  h      ,         )  +  (R  +  r)  -  log.    •    ,   ,  k  . 

\i  -J-  K  S         L  -J-  «  &/  J  *    1  K  +  S 

If  we  develop  the  above  values  of  the  contraction  in  series,  according  to  the  powers  of  k,  and 
omit  the  second  and  higher  powers,  which  are  always  exceedingly  small  fractions,  we  obtain  the 
approximations, 


L  -  Q  =  k  jacos.  V(S  +  s)  +  4R»S  +  -(R  +  r)(S-s) 
L  -  Q'  =  k  I  a  cos.  i  (S  +  s)  +  4  R  i  s  +  j  (R  +  r)  (S  -  s) 

L'-  Q"=  k  /  a  cos.  »'(S  +  s)  +  4  R  t  s  +  I  (R  +  r)  (S  -  s) 

The  last  term  of  each  of  these  expressions  depends  on  S  -  s,  that  is,  on  the  work  to  be  done, 
while  the  first  terms  depend  on  the  manner  in  which  that  work  is  accomplished. 
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Throughout  the  whole  of  these  inquiries,  the  superiority  of  the  crossed  belt  in  apparent  Thua. 
in  plain  belts  the  ratio  of  8  to  s  is  much  less  than  in  crossed  belts,  and  therefore  the  general 
tension  and  consequent  friction  must  be  greater. 

Having  now  examined  what  may  be  called  the  statical  part  of  our  subject,  and  ascertained  the 
relation  between  the  resistance  to  be  overcome  and  the  length  of  the  belt,  Sang  proceed*  to  «*»rifar 
those  phenomena  which  attend  the  continuous  motion  of  the  apparatus. 

It  at  once  follows,  from  the  continuity  of  the  belt,  that  if  the  resistance  remain  unchanged, 
equal  quantities  must  pass  over  with  the  circumference  of  both  wheels.  Now  it  u  wru|.|N^l  upon 
the  driving  in  a  more  distended  state  than  upon  the  driven  wheel,  so  that  the  linear  velocity  of  the 
latter  must  be  less  than  that  of  the  former.  If  B  be  the  entire  quantity  of  belt  which  hau  pawed  a 
given  point,  the  distances  traversed  by  the  driving  and  driven  wheels  must  have  bwn  U  (  1  +  k  8)  and 
B  (1  +  k  s)  respectively.  Now  the  force,  or  quantity  of  work  done,  is  the  product  of  the  recutanca 
by  the  distance  passed  over  ;  so  that  the  force  given  out  by  the  driver  must  have  been  B  (8  —  *) 
(1  +  k  S),  while  that  communicated  to  the  pulley  has  only  been  B  (8  —  »)  (1  +  k  t).  Hence  a  belt 
does  not  transmit  the  whole  of  the  force  delivered  to  it.  The  origin  and  nature  of  this  lorn  hare 
not,  so  far  as  I  am  aware,  ever  been  adverted  to,  and  on  this  account  I  shall  examine  it  the  more 
minutely. 

Subtracting  the  second  expression  from  the  first,  and  replacing  for  k  its  equivalent  -    we  bate 

loss  of  force  =  B  -  (S  -  s)2. 
w 

From  this  it  appears  that  the  loss  of  force  is  directly  proportional  to  the  extensibility  of  the 
material  of  the  belt,  and  inversely  to  the  weight  of  a  given  length  of  it  :  and  hence  the  advantage 
of  using  a  material  not  easily  stretched,  and  also,  with  a  limitation  to  be  hereafter  noticed,  heavy 
rather  than  light  belts. 

Again,  if  we  have  to  create  a  given  tension,  ^we  may,  by  augmenting  the  diameters  of  both 
wheels  proportionally,  reduce  S  -  s  ;  for  example,  with  double  diameters  we  should  have  8  —  * 
halved,  and  its  square  quartered  ;  but  then  the  belt  would  pass  with  double  speed  :  so  that,  taking 
all  into  account,  the  loss  of  force  would  be  halved,  provided  the  strength  of  the  belt  be  not  changed. 
Hence  we  have  these  maxims  :  — 

The  loss  of  force  is  directly  proportional  to  the  specific  extensibility  of  the  material,  inversely 
proportional  to  the  weight  of  one  foot  of  the  belt,  and  also  inversely  proportional  to  tlie  diameter* 
of  the  wheels  when  their  ratio  and  the  work  to  be  done  are  fixed. 

The  only  absorbent  of  this  lost  force  is  the  friction  of  the  belt  upon  the  surfaces  of  the  two 
wheels.  In  order  to  compute  the  amount  cf  this  friction,  let  cr  be  the  strain  at  any  part  of  the  arc 

over  which  the  slipping  takes  place,  and  —  the  quantitative  velocity  of  the  belt,  then  —  (!  +  *») 

T 

is  the  linear  velocity  of  that  part  of  the  belt,  while  —  (1  +  k  S)  is  the  velocity  of  the  surface  of 
the  wheel  ;  so  that  the  rate  of  slipping  must  be  —  k  (S  -  <r).   Now  the  friction  on  an  element  of  the 

T 

arc  is  necessarily  d  <r,  so  that  —  A(S  -  <r)  d  a  is  the  rate  at  which  force  is  abeorbed  by  friction 

upon  this  element.    Integrating  from  <r  =  S  to  <r  =  s,  and  extending  the  computation  over  the 

whole  time,  the  force  lost  by  friction  on  the  wheel  is  $  B  k  (8  -  s)3:  that  consumed  by  fr 

the  pulley  is  also  £  B  k  (S  -  s)2  ;  and  thus  the  total  loss  is  B  k  (S  -  s)1,  precisely  what  f 

by  comparing  the  velocities  of  the  two  wheels.    We  may  observe  here  that  the  same  r 

have  been  found  although  any  other  law  of  friction  or  of  extensibility  hiul  U-en  w*uni. 

is  also  worthy  of  notice  that  this  force  has  been  distributed  equally  between  the  two  i 

spective  of  their  diameters. 

The  amount  of  force  delivered  to  the  driver  is  (8  -  *)  (1  +  *  »)  B.  but  the  whole  of  t 
communicated  to  the  free  parts  of  the  belt,  a  portion  (8  -  s)  *  B*  being  nr«vioi 
friction  on  the  surface  of  the  driver.    The  force  received  by  the  free  parts  of  the  belt,  u 


transmitted  to  the  pulley,  is  thus,  B  (S  -  ,)  {  1  +  k  -'}.  Of  this,  again,  a  leoond  portion 
£  B  k  (S  -  s)  is  intercepted  by  the  friction  on  the  surface,  and  only  B  (8  -«)(!  +  *«)  communi- 
cated to  the  shaft  of  the  pulley. 

In  the  above  formula,  for  the  force  actually  transmitted  along  the  free  part*  of  tl 
observe  that  the'last  factor  is,  for  all  practical  purposes,  a  constant  quantity  f< 
once  put  on  ;  for  although  the  apparatus  may  encounter  a  van.  ty  »t 
the  two  tensions,  S  and  s,  hardly  varies. 


wo       s,  ,  .  ....      • 

Now  the  distances  passed  over  by  the  circumferen.vs  ,-f  lh.-  two  wheels  are  MMrfB 
measurement;  let  us  suppose  that,  in  the  time  T,  these  distances  liavo  been  found  t 
then  we  shall  have  D  =  B  (1  +  k  S)  ;  d=  B  (1  +  As):  whence 

D-d 


D-d    D-fj 

so  that  the  force  transmitted  through  the  free  parts  of  the  belt  is  —  j—  .     2B    • 

In  perfect  strictness  this  formula  is  only  true  if  the  tensions  remain  uniform  daring  tU  « 
time,  for  the  last  factor  varies  slightly  with  the  resistance  to  bo  overcome.    In  |«c< 
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however,  this  factor  scarcely  differs  from  —  ,  and  the  error  of  substituting  this  latter  for  it  is 

contained  within  very  narrow  and  ascertainablc  limits ;  hence  wo  may  assume,  for  all  practical 
purposes,  the  formula 

Transmitted  force  =  (D  —  d)  —  .  — , 

Tof,        X 

as  giving  the  amount  of  force  transmitted  during  the  time  over  which  the  measurements  extend. 

The  entire  loss  of  force  in  the  same  time  is  2  ^- 7-  —  — ,  one-half  being  lost  at  each 

D  +  d     Q    x 

surface. 

Knowing,  then,  the  specific  extensibility  of  the  material  which  is  denoted  by  x,  and  w  the  weight 
of  a  linear  unit  of  the  oelt  used,  we  are  prepared  to  register  the  amount  of  force  actually  trans- 
mitted by  it.  For  this  purpose,  we  bring  the  edges  of  two  light  pulleys  to  bear  gently  upon  the 
two  free  parts  of  the  belt,  so  as  to  register  the  distances  through  which  they  move,  and  then  the 
differences  between  these  distances  is  proportional  to  the  transmitted  force. 

Even  although  the  belt  be  not  quite  uniform  in  thickness,  this  method  of  registration  still 
answers,  particularly  if  the  values  of  x  and  w  be  determined  by  experiments  made  on  the  whole 
length  of  the  actual  belt. 

Hitherto  we  have  reasoned  as  if  the  belt  had  no  thickness,  as  if  the  surfaces  of  the  pulleys 
were  truly  cylindric,  and  as  if  the  material  were  perfectly  elastic.  We  have  yet  to  take  all  tin •><.-. 
circumstances  into  account. 

For  the  purpose  of  obviating  the  tendency  which  a  flat  belt  has  to  run  off  the  pulleys,  the 
surfaces  of  these  are  made  convex  in  the  direction  of  the  axis.  At  first  thought  it  would  appear 
that  such  a  form  would  increase  the  tendency  to  run  off,  and  that  a  grooved  or  hollow  contour 
would  rather  be  needed ;  but  a  little  reflection  clears  the  matter  up.  When  a  band  of  rope  or  of 
ox-gut  is  used,  the  wheels  are  made  with  deep  grooves ;  in  these  cases  the  roundness  of  the  band 
allows  it  to  roll,  so  to  speak,  down  the  declivity  of  the  groove  whenever  the  inaccurate  position  of 
the  wheels  has  tended  to  lead  it  out  of  its  proper  place.  The  spiral  motion  resulting  from  tlu.s 
action  is  familiar  to  turners.  Since  the  pressure  upon  the  sides  of  the  groove  is  augmented  in 
proportion  to  the  cosecant  of  the  half  angle,  the  friction  is  augmented  in  the  same  proportion, 
and  hence  deep  angular  grooves  give  a  better  hold  to  the  band,  and  enable  the  lathe  to  run  more 
lightly  than  round-bottomed  grooves  do. 

But  when  a  flat  belt  is  used,  this  rolling  cannot  take  place,  nnd  the  adhesion  of  the  surfaces 
causes  an  action  which  may  be  best  explained  by  help  of  a  simple  mechanical  illustration. 

Having  provided  a  slightly  tapered  cone  A  B  C  D,  let  a  belt  E  F  be  attached  to  its  surface  in 
a  direction  perpendicular  to  the  axis ;  and  then  let  the  cone  be  turned  gently  round  while  the 
tape  EF,  with  a  strain  upon  it,  is  obliged  to  pass 
through  a  fixed  aperture  at  F.  That  side  of  the  belt 
which  is  toward  the  larger  end  of  the  cone  is  more 
rapidly  taken  up  than  the  other  side,  and  the  belt,  in  n 
consequence,  gradually  inclining  from  the  perpendicular,  ~^ 


runs  up  toward  the  thicker  end  of  the  cone  until  the     []  F 
obliquity  of  the  strain  directed  to  F  causes  it  to  slide. 

If  the  surfaces  of  the  wheels  were  truly  cylindric, 
and  exactly  opposite  to  each  other  on  parallel  shafts, 
and  if  the  belt  were  perfectly  straight  and  uniform, 
there  would  be  no  tendency  to  move  to  the  one  side  or  to  the  other.  But  belts,  and  especially 
those  of  leather,  are  liable  to  irregularities,  and  their  joints  are  with  difficulty  made  straight,  so 
that  the  two  edges  are  not  of  equal  length :  besides,  we  are  unable  to  arrange  machinery  with 
perfect  accuracy ;  hence  arises  a  tendency  of  the  belt  to  move  aside :  this  tendency  is  corrected  by 
the  rounding  of  the  peripheries.  The  effect  of  this  rounding  is  easily  seen.  Whenever  the  belt 
has  chanced  to  go  to  one  side,  that  edge  which  is  nearer  the  middle  of  the  pulley  is  taken  up  faster 
than  the  other  edge,  and  so  the  belt  is  soon  brought  into  its  place  again.  It  may  be  here  observed 
that  this  very  provision  which  keeps  the  belt  in  its  place  so  long  as  the  machinery  is  in  proper 
action,  tends  to  throw  it  off  whenever  the  resistance  becomes  so  great  as  to  cause  a  slipping.  The 
degree  of  rounding  of  the  rims  depends  on  the  character  of  the  belts,  and  on  the  precision  with 
which  the  machinery  is  erected ;  it  can,  therefore,  only  be  ascertained  by  experience.  The  rounding 
should  be  made  as  slight  as  is  consistent  with  security,  since,  as  we  shall  see  immediately,  every 
deviation  from  the  cylindric  form  is  accompanied  by  a  loss  of  force. 

In  their  progress  round  the  wheels,  the  different  parts  of  the  belt  are  stretched  and  relaxed 
alternately.  Now,  if  the  material  were  perfectly  elastic,  the  force  expended  on  the  distension 
would  be  reproduced  on  the  contraction  of  the  belt;  but  the  imperfection  of  the  elasticity  prevents 
more  than  a  portion  of  this  force  from  being  restored,  and  hence  arises  a  loss,  the  character  and 
amount  of  which  we  may  attempt  to  examine. 

There  do  not  exist  any  series  of  experiments  on  the  phenomena  of  imperfect  elasticity  of  suffi- 
cient extent  or  exactitude  to  make  known  the  law  according  to  which  force  is  lost  by  it.  Analogy 
and  a  few  experiments  have  led  to  the  belief  that,  within  the  limits  of  ordinary  practice,  the  force 
reproduced  bears  to  that  which  had  been  expended  in  disturbing  the  natural  condition  of  the  par- 
ticles a  ratio  constant  for  a  given  material ;  but  observations  that  we  have  lately  made  have  satisfied 
us  that  this  law  is  far  from  being  true,  and  that  time  has  a  great  influence  on  the  phenomena.  For 
the  present,  it  will  be  enough  to  observe  that  the  loss  of  force  will  certainly  be  greater  the  greater 
the  disturbance  of  the  particles. 

Now,  in  changing  from  the  state  of  tension  S  to  that  of  s,  the  amount  of  linear  disturbance  ia 
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proportional  inversely  to  the  weight,  to,  of  a  given  length  of  the  belt,  and  therefore,  in  respect  of 
this  part  of  the  action  also,  the  loss  of  force  is  the  less  the  heavier  the  belt  is  made     So  far 
have  yet  seen,  it  is  preferable  to  use  heavy  belts. 

When  bent  round  the  circumference  of  a  wheel,  the  outer  parts  of  the  belt  are  distended,  the 
inner  parts  relaxed ;  and  supposing  the  section  of  the  belt  to  be  rectangular,  the  amount  of  force 
expended  m  making  these  changes  is  proportional  directly  to  the  breadth,  to  the  square  of  the 
thickness,  and  inversely  to  the  diameter  of  the  wheel.  Hence  if  two  belts  be  of  like  strength,  but 
the  one  broad  and  thin,  the  other  narrow  and  thick,  the  amounts  of  force  expended  in  bending 
them  must  be  proportional  directly  to  their  thicknesses ;  and  hence  the  advantage  of  using  broa. 
thin  belts. 

The  practice  of  strengthening  belts  by  riveting  on  an  additional  layer  must  be  exceedingly 
objectionable;  indeed,  it  is  difficult  to  see  how  any  additional  strength  is  gained  for 
layer  must  be  tight  when  on  the  wheel,  and  slack  when  free;  so  that,  in  reality,  the  strength  of 
only  one  layer  can  be  available :  the  parts  of  the  compound  belt  are  puckered  and  open  alternately 
as  evinced  by  the  crackling  noise.    The  proper  procedure  is  to  increase  the  breadth  of  the  Mt 

If,  as  must  be  the  case  in  all  driving-belts,  the  rim  of  the  wheel  be  rounded,  the  loss  of  force  by 
flexure  is  augmented ;  because  the  difference  between  the  radii  of  the  middle  of  the  outer  surface, 
and  of  the  edge  of  the  inner  surface,  is  greater  than  if  the  rim  had  been  cylindric ;  and  hence  the 
importance  of  having  the  rims  as  little  rounded  as  possible. 

If  the  law  of  imperfect  elasticity  were  known,  we  could  reduce  these  various  losses  to  calcula- 
tion ;  as  it  is,  we  can  only  take  a  limited  and  very  unsatisfactory  view  of  the  subject. 

The  following  investigation  was  undertaken  by  J.  B.  Francis,  for  the  Merrimack  Manufac- 
turing Company,  of  Mass.,  U.S.,  for  the  purpose  of  determining  the  relative  fitness  of  shafting  un.l 
belting,  of  particular  materials,  for  a  cotton  factory  being  erected  by  this  company. 

In  factories  and  workshops,  power  is  usually  taken  off  from  the  lines  of  shafting,  at  many  point.-, 
by  pulleys  and  belts,  by  means  of  which  the  machinery  is  operated,  as  shown  in  Figs.  WH,  605. 
When  the  machines  to  be  driven  are  below  the  shaft,  there  is  a  transverse  strain  on  the  shaft,  due 
to  the  weight  of  the  pulley  and  tension  of  the  belt,  which  is  in  addition  to  the  transverse  strain 
due  to  the  weight  of  the  shaft  itself.  Sometimes  the  power  is  taken  off  horizontally  on  one  si.le.  in 
which  case  the  tension  of  the  belt  produces  a  horizontal  transverse  strain ;  and  the  weight  of  the 
pulley  acts  with  the  weight  of  the  shaft  to  produce  a  vertical  transverse  strain.  Frequently  the 
machinery  to  be  driven  is  placed  above  the  floor  to  which  the  shaft  is  hung  in  the  story  below ; 
in  this  case  the  transverse  strain  produced  by  the  tension  of  the  belt  is  in  tho  opposite  direction  to 
that  produced  by  the  weight  of  the  pulley  and  shaft.  Sometimes  power  is  taken  off  in  all  these 
directions  from  the  part  of  a  shaft  between  two  adjacent  bearings.  To  transmit  the  same  jx.w.  r. 
the  necessary  tension  of  a  belt  diminishes  in  proportion  to  its  velocity  ;  consequently,  with  pulley* 
of  the  same  diameter,  the  transverse  strain  will  diminish  in  the  same  ratio  as  the  velocity  of  the 
shaft  increases.  In  cotton  and  woollen  factories  with  wooden  floors  the  bearings  are  usually  hung 
on  the  beams,  which  are  usually  about  eight  feet  apart;  and  a  minimum  size  of  shafting  i* 
adopted  for  the  different  classes  of  machinery,  which  has  been  determined  by  exj>erienoe  M  the 
least  that  will  withstand  the  transverse  strain.  This  minimum  is  adopted  indej>ei)dcntly  of  the 
size  required  to  withstand  the  torsional  strain  due  to  the  power  transmitted;  if  thin  require*  •> 
larger  diameter  than  the  minimum,  the  larger  diameter  is,  of  course,  adopted.  In  some  of  tho 
large  cotton  factories  in  this  neighbourhood,  in  which  the  bearings  are  about  8  ft.  apart,  a 
minimum  diameter  of  1|  in.  was  formerly  adopted  for  the  lines  of  shafting  driving  looms.  In 
some  mills  this  is  still  retained,  in  others  2£  in.  and  2-flr  in.  have  been  substituted.  In  tho  same 
mills  the  minimum  size  of  shafts  driving  spinning  machinery  is  from  2fc  to  2}i  in.  In  very  long 
lines  of  small  shafting  fly-wheels  are  put  on  at  intervals,  to  diminish  the  vibratory  action  duo  to 
the  irregularities  in  the  torsional  strain. 

We  can  deduce  from  formula  [1],  which  will  be  presently  established,  the  breaking  po*tr,  or,  in 
other  words,  the  power  which,  being  transmitted  by  a  shaft,  will  produce  a  toreional  strain  upon  it 
equal  to  its  total  resistance  to  that  force. 

Put  p  =  the  breaking  power,  in  horse-powers  of  33,000  foot-pounds. 
N  =  the  number  of  revolutions  of  the  shaft  per  minute. 


P  ~  12  x  33000' 

from  which  we  deduce, 

12  x  33000  p 

~2TN~ 
Substituting  this  value  in  [1],  we  find, 


Substituting  the  values  of  T,  adopted  above  for  iron  and  steel,  we  have 
For  wrought  iron,  p  =  0  •  155£N  </», 
„    st..l.  p  =  0-2492  Nd», 

„    cast  iron,         p  =  0-0935  N  d». 

A  formula  for  the  wrought-iron  shafts  of  prime  movers  and  other  shafU  of  the  mme  material, 
subject  to  the  action  of  gears,  which  Francis  adopted  in  numerous  case*  in  practice  during  tin-  U*t 
twenty  years,  and  found  to  give  an  ample  margin  of  strength,  is 


33U 
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in  which  P  =  the  power  transmitted,  and  from  which  we  deduce 

P  =  0-01 
For  simply  transmitting  power,  the  formula  used  is 


[13] 


[14] 


N  ' 
from  which  we  deduce  P  =  0  •  02  N  d3 .  [15] 

The  following  Table  gives  the  power  which  can  be  safely  carried  by  shafts  making  100  revolu- 
tions per  minute.  The  power  which  can  be  carried  by  the  same  shafts  at  any  other  velocity  may 
be  found  by  the  following  simple  rule : — 

Multiply  the  power  given  in  the  Table  by  the  number  of  revolutions  made  by  the  shaft  a  minute ; 
divide  the  product  by  100 ;  the  quotient  will  be  the  power  which  can  be  safely  carried. 


Diameter 
in 
beta, 

Horse-power  which  can  be  safely  carried  by  Shafts 
for  Prime  Movers  and  Gears,  well  supported  by 
bearings,  and  making  100  revolutions  a  minute  ; 
ifof 

Horse-power  which  can  be  safely  transmitted  by 
Shafts  making  100  revolutions  a  minute,  in  which 
the  Transverse  Strain,  if  any,  need  not  be  con- 
sidered; Ifof 

Wrought  Iron, 
computed  by 
Formula  [13] 

Steel, 
computed  by 
Formula  [16]. 

Cast  Iron, 
computed  by 
Formula  [20]. 

Wrought  Iron, 
computed  by 
Formula  [15]. 

Steel, 
computed  by 
Formula  [18]. 

Cast  Iron, 
computed  by 
Formula  [22]. 

1-00 
1-25 
1-50 
1-75 

1-00 
1-95 
3-37 
5-36 

1-60 
3-12 
5-39 

8-58 

0-60 
1-17 
2-03 
3-22 

2-00 
3-90 
6-74 
10-72 

3-20 
6-24 

10-78 
17-16 

1-20 
2-34 
4-06 
6-44 

2-00 
2-25 
2-50 
2-75 

8-00 
11-39 
15-62 
20-80 

12-80 
18-22 
24-99 
33-28 

4-80 
6-83 
9-37 
12-48 

16-00 
22-78 
31-24 
41-60 

25-60 
36-44 
49-98 
66-56 

9-60 
13-66 

18-74 
24-96 

3-00 
3-25 
3-50 
3-75 

27-00 
34-33 
42-87 
52-73 

43-20 
54-93 
68-59 
84-37 

16-20 
20-60 
25-72 
31-64 

54-00 
68-66 
85-74 
105-46 

86-40 
109-86 
137-18 
168-74 

32-40 
41-20 
51-44 
63-28 

4-00 
4-25 
4-50 
4-75 

64-00 
76-77 
91-12 
107-17 

102-40 
122-83 
145-79 
171-47 

38-40 
46-06 
54-67 
64-30 

128-00 
153-54 
182-24 
214-34 

204-80 
245-66 
291-58 
342-94 

76-80 
92-12 
109-34 
128-60 

5  00 
5-25 
5-50 
5-75 

125-00 
144-70 
166-37 
190-11 

200-00 
231-52 
266-19 
304-18 

75-00 
86-82 
99-82 
114-06 

250-00 
289-40 
332-74 
380-22 

400-00 
463-04 
532-38 
608-36 

150-00 
173-64 
199-64 
228-12 

6-00 
6-25 
6-50 
6-75 

216-00 
244-14 
274-62 
307-55 

345-60 
390-62 
439-39 
492-08 

129-60 
146-49 
164-78 
184-53 

432-00 
488-28 
549-24 
615-10 

691-20 
781-24 
878-78 
984-16 

259-20 
292-98 
329-56 
369-06 

7-00 
7-25 
7-50 
7-75 

343-00 
381-08 
421-87 
465-48 

548-80 
609-73 
674-99 
744-77 

205-80 
228-65 
253-13 
279-29 

686-00 
762-16 
843-74 
930-96 

1097-60 
1219-46 
1349-98 
1489-54 

411-60 
457-30 
506-26 
558-58 

8-00 
8-25 
8-50 
8-75 

512-00 
561-52 
614-12 
669-92 

819-20 
898-43 
982-59 
1071-87 

307-20 
336-91 
368-47 
401-95 

1024-00 
1123-04 
1228-24 
1339-84 

1638-40 
1796-86 
1965-18 
2143-74 

614-40 
673-82 
736-94 
803-90 

9-00 
9-25 
9-50 
9-75 

729-00           1166-40 
791-45           1266-32 
857-37           1371-79 
926-86           1482-98 

437-40 
474-87 
514-43 
556-12 

1458-00 
1582-90 
1714-74 
1853-72 

2332-80 
2532-64 
2743-58 
2965-96 

874-80 
949-74 
1028-86 
1112-24 

10-00 

1000-00           1600-00 

600-00 

2000-00 

3200-00 

1200-00 

Comparing  formula  [9]  with  [12]  and  [13],  and  also  with  [14]  and  [15],  it  will  be  seen  that 
the  formulas  [12]  and  [13],  used  for  shafts  for  prime  movers,  give  a  strength  15 '58  times  the 
breaking  power ;  and  the  formulas  [14]  and  [15],  for  shafts  simply  transmitting  power,  give  a 
strength  7 -79  times  the  breaking  power. 

In  applying  the  rules  for  the  strength  of  materials  to  constructions  in  which  there  is  no  move- 
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ment,  it  is  usiial  to  make  the  computed  strength  from  three  to  five  times  the  br*>akine  »tr*i 
Bodies  in  rapid  motion  however,  usually  require  a  greater  margin  of  strength,  in  order  fc fpro 
for  the  tendency  to  vibration.     In  cases  where  shafting  for  simply  transmitting  poWvJS 
accurately  finished,  and  firmly  supported  by  bearings  at  short  intervals,  an  excess  of  strength  X2 
thirds  of  that  given  by  formulas  [14],  [19],  and  [23],  will  undoubtedly  suffice.    In  ordEmry  ca^ 
however,  the  strength  given  by  these  formulas  should  be  adopted 

I  i^TSlbe  ?nderst™d.  th**  the  8hafts  ^  which  formulas  [12]  and  [13]  are  applied,  are  son. 
ported  by  bearings  sufficiently  near  to  each  other  to  guard  against  the  tnuuvonc  «tn» 
the  prime  mover  or  gear. 

To  find  formulas  for  steel  shafts  of  the  same  strength  as  those  for  wrought  iron,  we  have  for 
prime  movers^  =  15-58 P:  substituting  this  value  of  p  in  [10],  we  have 

P=0-016NcP,  (-1C] 


from  which  we  deduce 


Similarly,  we  fina  for  steel  shafts  for  simply  transmitting  power, 

P  =  0- 


and    d 


'/31- 
=  V   — 


25P 


— 


Similarly,  for  cast  iron,  we  find  for  prime  movers, 

P  =  0-006  Nc/3, 


For  simply  transmitting  power, 


N 
=  0-012Nd3, 


[17] 

[18] 
[19] 

[20] 
[21] 

[22] 
[23] 


Comparing  formulas  [14]  and  [19],  it  will  be  seen  that  the  diameters  of  shaft*  of  wrought  iron 
and  steel  to  transmit  the  same  power  are  in  the  ratio  of  the  cube  root  of  50  to  the  cube  root  of 
31*25,  or  as  1  to  0'855.  The  weights  of  the  shafts  will  be  as  the  squares  of  the  diameters,  or  as  1 
to  0'731.  The  power  required  to  overcome  the  friction  of  the  shafts  in  their  bearings,  assuming 
that  the  coefficient  of  friction  is  the  same  for  wrought  iron  and  steel,  will  beaa  the  product*  of  tho 
weights  into  the  velocities  of  the  rubbing  surfaces.  The  number  of  revolutions  in  a  given  time 
being  the  same  in  both,  the  velocities  of  the  rubbing  surfaces  will  be  as  the  diameters,  and  the 
weights  will  be  as  the  squares  of  the  diameters;  the  power  required  to  overcome  the  friction  will 
therefore  be  as  the  cubes  of  the  diameters,  or  as  1  to  0-625.  That  is  to  say,  the  -K>W<T  which  must 
be  expended  to  overcome  the  friction  of  a  steel  shaft  is  five-eighths  of  that  required  to  overcome 
the  friction  of  a  wrought-iron  shaft  of  equal  strength. 

The  superiority  of  steel  to  resist  transversal  strain  is  much  less  than  to  resist  torsional  strain. 
The  relative  diameters  of  wrought-iron  and  steel  shafts,  to  resist  equal  transverse  strain*,  exclu- 
sive of  their  own  weights,  are  inversely  as  the  fourth  roots  of  the  respective  values  of  E,  or  as 

,  or  as  1  to  0-98.    That  is  to  say,  steel  shafts,  to  offer  the 


38ooooo 

resistance  to  external  transverse  strains,  may  be  2  per  cent,  less  in  diameter  than  wrou>jht-ir"M 
shafts.  The  weights  of  such  steel  shafts  will  be  about  4  per  cent,  loss  than  the  weights  of 
wrought-iron  shafts  of  equal  stiffness  ;  and  the  power  required  to  overcome  tho  friction  of  the 
bearings  will  be  about  6  per  cent.  less. 

The  constant  expressing  the  resistance  of  cylindrical  bars  to  torsion,  is  deduced  from  Xavicr's 
formula  (see  '  Resume  des  Le9ons  sur  1'Application  de  la  Mecauique  '), 


TO3 

in  which, 

T  =  a  constant  for  the  same  material. 

W=  the  weight,  in  pounds,  which,  if  applied  at  the  distance  R,  in  inches,  from  the  Mia, 
will  just  fracture  the  bar. 

it  =  the  ratio  of  the  circumference  of  a  circle  to  its  diameter. 

d  =  the  diameter,  in  inches,  of  the  bar  at  the  place  of  fracture. 

The  bars  subjected  to  torsion  were  finished  in  the  form  <>f  tin-  Mowing  dingram;  the  ends 
being  2  in.  square,  and  the  middle  turned  down  to  a  diameter  of  j|  in.,  ill  order  to  ensure  the 
fracture  taking  place  in  that  part  of  tho  «73. 

bar. 

The  weight   producing  the    torsion 
was  applied  at  the  end  of  a  lever,  of  tho 
effective  length  of  35-975  in.,  fitted  to 
the  square  boss  at  one  end  of  the  bar. 
The  tendency  of  the  bar  to  revolve  under  tho  action  of  the  weight,  was  controlled  by  a  worm-whorl 
about  15  in.  in  diameter  and  138  teeth,  fitted  to  tho  square  boss  at  the  other  eml  of  tJic  l«u 
wheel  could  be  moved  through  any  arc  by  means  of  a  worm.    As  tho  bar  became  t»it.t«!  by  the 
torsional  strain,  the  worm-wheel  was  moved  through  au  arc  sufficient  to  bring  the  Icrcr  to  ao 
horizontal  position. 
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A  graduated  circle  on  one  face  of  the  worm-wheel  furnished  the  means  of  measuring  the  arc  ot 
torsion. 

The  effective  weight  of  the  lever  and  scale  at  35-975  in.  from  the  axis,  where  the  scale  was 
lmn-r  on  a  knife-edge,  was  48 -5  Ibs.,  and  was  the  least  effective  weight  which  could  be  applied  to 
produce  torsioii. 

EXPERIMENTS  ON  TORSION. 


Description  of  the  Bar. 

Mean 
Diameter 
of  the 
reduced 
part  of 
the  Bar, 
in  inches. 

Arc  of 
Tort.ii  ni 
just 
before 
Fracture. 

Vv'clgbt 
producing 
Fracture, 
in  pounds. 

Mean 
Tempe- 
rature 
of  the 
Air. 

Value  of  T. 

English  refined  wrought  iron,  from  a  bar  2  in.  in  "I 
difiniettT  marked  A   13     / 

0-750 

416-8 

113-17 

o 
58-8 

49,148 

Same,  marked  13    

0-750 

596-0 

125-69 

66-0 

54,585 

Wrought  iron,  from  the  Pembroke  Iron  Works,  Maine,  } 
marked  14    / 

0-753 

641-3 

143-72 

C2-3 

01,673 

Decarbonized  steel,  from  the  Farist  Steel  Company, 
Windsor  Locks,  Conn.,  from  a  bar  2  in.  square, 

0-752 

390-5 

192-48 

70-2 

82,926 

Spindle  steel,  from  the  same,  from  a  bar  2  in.  square, 
marked  A  5                         

0-750 

284-3 

235-17 

68-3 

102,131 

Steel,  from  the  Nashua  Iron  Company,  Nashua,  N.H.,  \ 
from  a  bar  2  in.  square,  marked  2    / 
Same  marked  rf  2            .             

0-751 
0-752 

611-3 
557-0 

198-73 
203-23 

65-5 
63-7 

85,961 
87  557 

Steel,  from  same,  from  1  J  in.  octagonal  bar,  marked  4 
Same  marked  3              

0-752 
0-751 

475-0 
508-3 

221-0 
217-25 

C7-5 
61-2 

95,213 
93  972 

Steel,  from  the  works  of  Hussey,  Wells,  and  Co.,1 
Pittsburgh,  from  a  bar  2  in.  square,  marked  E,  1  .  .  / 
Samp  marked  1         

0-751 
0-748 

308-0 
297-3 

202-66 
196-50 

C3-6 
68-0 

87,661 
86  023 

Bessemer  steel,  from  the  works  of  Messrs.  Winslowj 
and  Grfcwold,  Troy,  New  York,  from  a  bar  2  in.  > 
square  marked  16       1 

0-748 

215-5 

181-97 

66-0 

79,662 

Same  marked  16  x         ..      ..              

0-748 

268-5 

174-50 

67-0 

76  392 

EXPERIMENTS  ON  DEFLECTION. 


Description  of  the  Bar. 

Diameter  of 
Bar  at  the 
middle,  in 
inches. 

Deflection, 
in  inches. 

Mean 
Tempera- 
ture of 
the  Air. 

Value  of  E. 

Spindle  steel,  from  the  Farist  Steel  Company,  Wind-  j 
sor  Locks,  Conn.,  from  a  bar  1  JL  in.  in  diameter,  > 
marked  A7  1 

0-995 

0-2330 

o 

48-0 

3,853,590 

Same  marked  Ax7            

0-977 

0-2315 

53-8 

3  847  530 

Decarbonized  steel,  extra,  from  the  Farist  Steel) 
Company,  from  a  bar  1-J^  in.  in  diameter,  marked  > 
AAx  ) 

0-993 

0-2310 

53-0 

3,  918,360 

Same  marked  A  A  8    

0-995 

0-2327 

53-7 

3  858  557 

Decarbonized  steel,  from  the  Farist  Steel  Company,  \ 
from  a  bar  1^  in.  in  diameter,  marked  9  x  B     .  .  / 
Same,  marked  9  B          

0-992 
0-995 

0-2330 
0-2307 

54-2 
53-3 

3,900,420 
3,892  008 

Steel,  from  the  works  of  Hussey,  Wells,  and  Co.,  Pitts-  } 
burgh,  from  a  bar  1^  in.  in  diameter,  marked  15  / 
Same  marked  15  x        ~        .                     

0-998 
0-996 

0-2337 
0-2337 

52-2 
49-8 

3,796,060 
3  826  641 

Bessemer  steel,  from  the  works  of  Messrs.  Winslow  j 
and  Griswold,  Troy,  New  York,  from  a  bar  Ij1^  in.  > 
in  diameter  marked  17  x  .  I 

1-000 

0-2330 

49-4 

3,777,095 

Same,  marked  17 

1-000 

0-2315 

52-0 

3.801.566 

The  experiments  on  deflection  were  made  on  round  bars  turned  to  a  diameter  of  about  1  in. 
The  distance  between  the  points  of  support  was  48  in.  Observations  were  made  of  the  deflections 
produced  by  a  weight  of  150  Ibs.  suspended  at  the  middle  point  between  the  supports.  This 
weight  was  not  sufficient  to  cause  any  sensible  set  in  the  bar  after  the  weight  was  removed ;  and 
no  sensible  increase  in  the  deflection  was  produced  by  allowing  the  weight  to  remain  suspended  on 
the  bar  for  several  days. 

The  constant  E  for  deflection  has  been  computed  by  Navier's  formula, 
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in  which 

I    =  the  distance  between  the  points  of  support,  in  inches! 

W  =;  the  weight  at  the  middle  point  between  the  supports,  in  pounds. 

•K  =  the  ratio  of  the  circumference  of  a  circle  to  its  diaiu.  U  r 

d  =  the  diameter  of  the  bar,  in  inches. 

s    =  the  deflection  at  the  middle  point  between  the  supports,  in  inches. 

Several  specimens  of  the  steel  have  been  tested  for  tensile  strength,  at  the  works  of  the  Pouth 
Boston  Iron  Company,  by  F.  Alger,  in  the  apparatus  designed  by  Major  \V.  Wi.,1,-    tW 
metals  for  cannon,  a  description  of  which  may  be  found  in  'Reports  of  KxptTiim-nt*  on  tl»> 
Strength  and  other  Properties  of  Metals  for  Cannon,'  published  in  1854,  by  authority  of  tin- 
Secretary  of  War,  U.S. 

EXPERIMENTS  ON  TENSILE  STRENGTH. 


Description  of  the  Specimen. 

Diameter  at 
the  place 
of  Fracture, 
In  inches. 

Weight 
producing 
Fracture,  In 
pounds. 

Tendl* 
Strength  a 
square  inch, 
in  pounds. 

Specific 
Uravuy 

Spindle  steel,  from  the  Farist   Steel   Company,'! 
Windsor  Locks,  Conn.,  marked  A  10  A  1  .  .      .  .  / 
Same,  marked  A  10  A  2   

0-597 
0-598 

40,800 
39  500 

145,  T:>  J 
140  039 

7-8401 

7-    X"N' 

Decarbonized  steel,  from  the  same,  marked  B  11\ 
Bl     / 

0-596 

34,500 

123,  662 

7-8588 

Same  marked  B  11  B  2    

0-597 

35  200 

19«i   7-V) 

7s',  M 

Decarbonized  steel,  extra,  from  the  same,  marked  \ 
AAxl    j 

0-GOO 

30,500 

107,862 

7-8417 

Same,  marked  AAx2     

0-600 

30  900 

109  271 

7  -RAT4* 

Same,  marked  A  A  x  ;  ends  upset  in  order  to  form^ 
the  specimen  / 

0-600 

30,800 

108,901 

7-8484 

Same  as  next  preceding  specimen,  marked  A  A  x  2 
Steel,  from  the  works  of  Hussey,  Wells,  and  Co.,} 
Pittsburgh,  marked  c  12,  1  / 
Same  marked  c  12  2        ... 

0-600 
0-594 
0-594 

29,700 
40,400 
40  200 

105,053 
145,790 
145  070 

7-8534 
7-8530 

7-ttJOrt 

From  the  many  experiments  on  the  fracture  of  iron  and  steel  by  torsion,  Francis  deduced  the 
following  values  of  T ;  using  the  above  formula  for  cylindrical  bars,  and  Navier's  formula, 


m  


3  V  2  W  R 
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for  square  bars,  in  which  6  =  the  side  of  the  square  in  inches,  and  W  and  R  the  weight  in  pound*, 
producing  fracture,  and  the  distance  from  the  axis  in  inches  at  which  it  is  applied. 

Experiments  by  Rennie,  given  in  the  '  Philosophical  Transactions  of  the  Royal  Society  'for- 1818. 

Bar  of  English  wrought  iron,  0*25  in.  square  T  =  65,982 

„  Swedish  wrought  iron,  0  •  25  in.  square  T=  61,909 

„  shear  steel,  0-25  in.  square T  =  11 1,191 

Average  of  3  bars  of  iron  cast  horizontally,  0  •  25  in.  square . .  T  =    64 , 776 

Experiments  given  in  the  Fifth  Edition  of  '  Ilaswell's  Engineers'  and  Mechanic?  Pocket- Hook.' 

Bar  of  Ulster  Iron  Company's  wrought  iron,  1  in.  diameter  ..     T  =  87,090 
„      Swedish  wrought  iron,  1  in.  diameter T  =  93,965 

Experiments  made  at  the  Royal  Gun  Factories,  Woolwich,  England,  on  many  Varieties  of  Gut  /row. 
Parliamentary  Document,  July  30,  1858. 

Experiments  are  given  on  fifty-one  varieties  of  British  cast  iron,  besides  several  varieties  from 
other  countries.  Francis  selected  the  experiments  on  four  varieties  of  British  iron,  namely.  tli«> 
strongest,  two  of  medium  strength,  and  the  weakest ;  each  result  being  deduced  from  a  mean  w 
several  experiments  on  bars  about  1  •  8  in.  in  diameter. 

From  West  Hallam  Iron  Works,  Ilkeston T  =  38,217 

„      Netherton  Iron  Works       T  =  34,490 

„     Butterley         „  T  =  83,949 

„     Haematite  Iron  Company T  =  22,182 

Experiments  made  at  the  Fort  Pitt  Foundry,  in  1846,  on  bars  of  different  forms  and  dimentioni,  of 
Common  Foundry  iron,  given  in  '  Reports  of  Experiments,'  fc^  above  cited. 

Bar  about  1  in.  square T  =  86,8* 

1-415  in.  square      T  =  84,448 

about  1-749  in.  square T  =  42,821 

1-135  in.  in  diameter     T  =  37,445 

1-595  „  , T  =  42.047 

1-955  ' 
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Experiments  made  at  the  West  Point  Foundry,  in  1851,  on  Greenwood  Iron  of  different  grades,  mixtures, 
and  fusions,  giten  in  '  Reports  of  Experiments,'  above  citi'i'l. 

Mean  deduced  from  eighteen  experiments   on  bars  about 

1-9  in.  diameter       T=        44,957 

The  value  of  E,  for  wrought  iron,  we  have  previously  deduced 
from  English  experiments,  and  tested  by  a  single  experi- 
ment on  a  shaft  '1  in.  in  diameter  and  about  180  in.  between 
bearings.  From  these  experiments  we  find  E  =  3,492,539 

There  being  such  great  irregularities  in  the  values  of  T,  it  will  not  be  safe,  in  practice,  to  take 
a  mean  value,  but  one  near  the  lowest  value. 

The  values  for  wrought  iron  vary  from  49,148  to  93,965. 

For  safety,  we  take  for  wrought  iron 't  =  50,000 

The  values  for  stool  vary  from  76,392  to  111,191.  For  safety, 

we  take  for  steel  T=  80,000 

The  values  for  cast  iron  vary  from  22,132  to  64,776.  For 

MI  I  Vty,  we  take  for  cast  iron T=  30,000 

Wo  also'take  for  wrought  iron E  =  3,500,000 

And  for  untempered  steel E  =  3,800,000 

Shafts  for  transmitting  power  are  subject  to  two  forces,  namely,  transverse  strain  and  torsion. 
In  shafts  of  wrought  iron  or  steel,  in  which  the  bearings  are  not  very  near  to  each  other,  a  trans- 
strain,  too  small  to  cause  fracture,  will  produce  sensible  deflection ;  if  this  is  too  great,  it 
will  produce  sensible  irregularities  in  the  motion,  and  tend  towards  the  rapid  destruction  of  the 
shaft  and  its  bearings.  This  limits  the  distance  between  the  bearings,  as  the  weight  of  the  shaft 
itself  will  produce  an  inadmissible  amount  of  deflection  whenever  this  distance  exceeds  a  certain 
amount,  which  varies  with  the  material  and  diameter  of  the  shaft. 

The  deflection  of  a  cylindrical  shaft  from  its  own  weight,  supported  at  each  end,  but  discon- 
nected from  other  shafts,  is  given  by  the  formula  [4],  which  is  deduced  from  Navier's  formula  for 
the  deflection  of  a  cylindrical  bar.  See  '  Journal  of  the  Franklin  Institute '  for  February,  1862. 

8  =  0-007318^.  M 

If  the  several  parts  nre  so  connected  as  to  be  equivalent  to  one  continuous  shaft,  it  will  corre- 
spond to  the  case  of  a  beam  fixed  at  both  ends,  for  which  case  Barlow  gives  8  equal  to  two-thirds 
of  its  value  in  the  case  of  a  beam  supported  at  both  ends,  given  by  formula  [4].  Navier,  taking 
into  account  the  effect  of  the  deflection  in  the  adjacent  divisions,  finds  8  equal  to  one-fourth  of  its 
value  by  formula  Q4].  In  order  to  decide  which  of  these  authorities  to  follow,  Francis  appealed  to 
experiment. 

Experiment  I. — A  bar  of  wrought  iron  purchased  as  "English  refined,"  12  ft.  2f  in.  long, 
0  •  367  in.  deep,  1  *  535  in.  wide,  was  supported  at  four  equidistant  points,  4  ft.  apart.  When  loaded 
at  the  middle  points  of  each  division  with  52  Ibs.,  the  deflection  in  the  middle  division  was 
0-069  in.,  and  the  mean  deflection  in  the  other  two  divisions  was  0'371  in.  The  weight  on  the 
middle  division  was  then  increased  until  the  deflection  was  alike,  namely,  0'281  in.  in  each 
division ;  the  weight  being  82  •  84  Ibs.  in  the  middle  division,  and  52  •  00  Ibs.  in  each  of  the  other 
divisions.  4  ft.  was  then  cut  off  of  each  end  of  the  bar,  when  the  deflection,  with  82  •  84  Ibs.  on 
the  middle  division,  was  1  •  102  in. 

Experiment  2. — A  bar  of  iron  of  the  same  quality  and  length  as  in  Experiment  1,  0-551  in. 
square,  was  laid  on  the  same  supports.  When  loaded  at  the  middle  points  of  each  division  with 
52  Ibs.,  the  deflection  in  the  middle  division  was  0  •  058  in.,  and  the  mean  deflection  in  the  other  two 
divisions  was  0'314  in.  The  weight  on  the  middle  division  was  then  increased  until  the  deflection 
was  0-241  in.  in  each  division ;  the  weight  being  82-84  Ibs.  in  the  middle  division,  and  52-00  Ibs. 
in  each  of  the  other  divisions.  4  ft.  was  then  cut  off  of  each  end  of  the  bar,  when  the  deflection, 
with  82  •  84  Ibs.  on  the  middle  division,  was  0  •  984  in. 

In  the  case  in  which  the  deflections  were  alike  in  the  three  divisions,  the  middle  division  cor- 
responds to  the  case  of  a  continuous  shaft  supported  by  numerous  equidistant  bearings ;  and  the 
case  where  the  bar  was  reduced  in .  length,  corresponds  to  that  in  formula  [4].  Comparing  the 
deflections  in  the  two  cases  in  the  above  experiments,  we  find  by  Experiment  1  that  the  ratio  of 
the  deflection  of  the  shaft,  simply  supported  at  eacli  end,  to  that  of  the  continuous  shaft,  is  as  1  to 
0-255.  In  Experiment  2,  the  corresponding  ratio  is  as  1  to  0'245 ;  the  mean  of  the  two  experi- 
ments giving  a  ratio  of  1  to  0-25,  which  agrees  with  Navier,  and  we  must  adopt  for  the  deflection 
of  a  continuous  shaft,  from  its  own  weight,  the  formula 

8  =  1x0-007318^-.  [5] 

These  experiments  indicate  the  effect  of  connecting  the  chords  of  truss-bridges  over  the 
piers.  Assuming  that  in  a  bridge  of  not  less  than  three  equal  spans,  the  top  and  bottom  chords 
have  equal  resisting  powers,  and  the  whole  length  of  the  bridge  is  uniformly  loaded,  if  the  chords 
are  continuous  throughout  the  whole  length  of  the  bridge,  the  deflection  of  any  span,  except  the 
end  spans,  will  be  one  quarter  of  the  amount  that  it  would  be  if  the  chords  were  disconnected  at 
the  piers. 

The  greatest  admissible  value  of  8  in  proportion  to  the  length  must  be  determined  by  expe- 
rience. Tredgold  assumes  that,  for  cast  iron,  it  might  be  0-01  in.  for  each  foot  in  length,  or 
p^  part  of  the  length,  whatever  may  be  the  diameter ;  but  the  transverse  strain  to  produce  this 
deflection  ia  a  greater  fraction  of  the  transverse  strain  that  will  produce  fracture  in  a  large  shaft 


BELTING. 


335 


than  in  a  small  one.  The  maximum  strains  of  extension  and  compression  in  a  shaft,  for  the  same 
deflection,  are  in  proportion  to  the  diameter,  while  the  deflection  itself,  from  the  weight  of  the  shaft, 
is  inversely  as  the  square  of  the  diameter;  consequently,  the  deflection,  to  produce  the  same 
maximum  strains,  must  be  inversely  as  the  diameter. 

Adopting  this  principle,  and  the  assumption  that  a  shaft  of  wrought  iron  or  untcmpered  steel 
2  in.  in  diameter  may  deflect  from  its  own  weight  0-01  in.  a  foot  in  1.  n-th  between  the  bearings, 
we  may  determine  the  greatest  admissible  distances  between  the  bearings  of  shafts  of  otlTer 
diameters,  as  follows  : — 

The  greatest  admissible  deflection  for  any  diameter  </,  is 


8  = 


-  =  0-001G7  -  . 

1200  d  d 


Substituting  this  value  of  S  in  [5]  and  reducing,  we  have 


=  4/0-  9128  </E. 


[6] 


[7] 


TABLE  OF  THE  GREATEST  ADMISSIBLE  DISTANCES  BETWEEN  THE  BEARINGS  OF  CoNnxrors 
SHAFTS,  SUBJECT  TO  NO  TRANSVERSE  STRAIN  EXCEPT  FROM  THEIR  OWN  WEIGHTS;  COMPVTED 
BY  FORMULA  [7]. 


Distance  between  Bearings, 

Distance  between  IVarinp., 

Diameter 

in  feet. 

Diameter 

in  feel. 

in  inches. 

If  of  Wrought 
Iron. 

If  of  Steel. 

in  inches. 

If  of  Wrought 
Iron. 

If  of  Steel. 

1 

12-27 

12  -Gl 

7 

23-48 

24-13 

2 

15-46 

15-89 

8 

24-55 

25-23 

3 

17-70 

18-19 

9 

25-53 

26-24 

4 

19-48 

20-02 

10 

26-44 

27-18 

5 

20-99 

21-57 

11 

27-30 

28-05 

6 

22-30 

22-92 

12 

28-10 

28-88 

In  practice,  long  shafts  are  scarcely  ever  entirely  free  from  transverse  strains.  However,  in  tho 
parts  of  long  lines  which  have  no  pulleys  or  gears,  with  the  couplings  near  the  bearings,  the  inti-rvnl 
between  the  bearings  may  approach  the  distances  given  in  the  table.  Near  the  extremiti 
line,  the  distances  between  the  bearings  should  be  less  than  those  given  in  the  table.  The  la»t 
space  should  not  exceed  60  per  cent,  of  the  distance  there  given,  the  deflection  in  that  apace  being 
much  greater  than  in  other  parts  of  the  line.  In  shafts  moving  with  high  velocities,  it  will  usually 
be  necessary  to  shorten  the  distances  between  the  bearings,  as  given  in  the  table,  in  order  to  obtain 
sufficient  bearing-surface  to  prevent  heating. 

BELTING,  CHAIN.    FR.,  Ceinture  de  chaine ;  GER.,  Kettenseil. 

Clissold's  chain  belting,  Figs.  674,  675,  676,  677.     This  belting  is  composed  of  iron  links  of  a 
peculiar  shape,  an  enlarged  cross-section  of  which  is  shown  in  Fig.  677.    The  links  are  coupled  by 


674. 


675. 


676. 


pins,  as  shown  in  Figs.  674,  675,  676 ;  each  alternate  is  formed  with  sockets,  in  which  ?'«**  of  nartj 
wood,  bevelled  at  the  ends  to  fit  the  pulleys,  arc  inserted.     It  may  be  observed  from  the  < 
section,  Fig.  677,  that  the  shape  of  the  groove  in  the  pulleys  is  such  that  the  belt 
between  the  sides,  and  a  firm  hold  is  obtained.     Chain-belts  of  this  kind  hrm>  now  born 
several  years,  some  of  them  running  at  a  speed  of  1700  ft.  a  minute ;  they  have  been  found  I       We, 
whilst  they  work  smoothly  and  without  slip. 
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679. 


680. 


John  Fielden's  oast  link-chain  is  shown  in  Figs.  678,  079.  This  chain  shows  that  John  Fielden 
has  much  ingenuity ;  it  is  the  only  faultless  cast  link-chain  which  has  fallen  under  our  notice. 

The  chain-wheel  round  which  the  chain,  Figs.  678,  G79,  may  be  moved,  is  given  in  plan  and 
section,  Fig.  682.  It  has  been  found  that  the  chain  works  best  when  there  is  a  flat  web  passing 
from  tooth  to  tooth,  as  shown  678. 

in  the-  plan,  Fig.  G82.  Many 
of  these  chains,  made  of  malle- 
able cast  iron,  are  successfully 
used  in  the  woollen  -  mills  of 
Lancashire  and  Yorkshire. 

The  Fielden  chain,  made 
of  cast  brass,  is  much  in  use  in 
dye-works.  One  of  the  chief 
peculiarities  of  this  chain  is, 
that  it  cannot  come  uuooupled, 
no  matter  whether  the  chain 
be  slack  or  tight  when  at 
work ;  and  yet,  a  workman 
once  shown  how,  may  uncouple 
or  recouple  it  in  a  very  short 
time. 

The  chain  is  easily  coupled 
together  by  commencing  at  ono 
mil,  and  keeping  all  the  links 
with  lip  in  one  direction  when 
on  the  plates,  as  shown  in 
Figs.  678,  679. 

For  the  method  of  uncoup- 
ling, see  Figs.  680,  681. 

Set  the  links  2  and  the 
links  5  at  right  angles  to  the 
plsites  3  and  6.  Place  the  ends 
of  plates  3  and  6  together,  as 
shown  in  Fig.  680.  It  will  now 
be  found  that  the  lip  of  links  4 
can  be  pushed  forward  into  the 
hollow  side  of  links  5. 

The  links  4  will  then  open 
over  the  ears  of  plate  6,  so  that 
plate  3  may  be  removed  away. 
See  Fig.  681. 

The  links  4  may  now  be 
put  back  into  their  respective 
places  upon  plate  6,  then 
turned  round  and  be  easily  re- 
moved from  plate  6. 

BENCH.    FB.,  Etabli ;  GER.,  ffobclbank ;  ITAL.,  Banco  da  falefjnamc ;  SPAN.,  Banco. 

A  bench  is  a  table  on  which  carpenters,  joiners,  and  others  prepare  their  work.  It  is  usually 
from  10  ft.  to  14  ft.  long,  2  ft.  3  in.  wide,  and  2  ft.  8  in.  high. 

The  carpenter's  bench  is  furnished  with  a  screw-board  A,  Fig.  683,  which  holds  the  bench- 
vice  B  and  the  bench-pin  C.  The  vice  consists  of  a  cheek,  having  a  screw  E  working  into  a  nut 

683. 


682. 


Hi      /^S) 

B               C 

© 

© 

A 

fixed  at  the  back  of  the  screw-board,  and  a  gnide  F.  The  bench-pin  C  is  made  to  fit  tightly  into 
holes  placed  at  different  elevations  in  the  screw-board,  its  use  being  to  assist  the  bench-vice  in 
retaining  the  board  whose  edges  are  about  to  be  planed,  or,  as  it  is  technically  termed,  shot. 

On  the  top  of  the  bench  is  the  bench-stop  G,  which  is  a  piece  of  iron  made  with  teeth  to  catch 
in  the  end  of  the  piece  of  wood  to  be  worked,  and  prevent  it  from  being  pushed  forward  by  the  force 
of  the  plane. 

Bench-hook. — A  movable  pin,  passing  through  a  mortice  in  the  top  of  the  bench,  for  preventing 
the  stuff  from  sliding  while  being  wrought  by  the  plane. 

BEXCH-MAEKS.  FB.,  Bepere;  GEB.,  Merhzeichen;  ITAL.,  Punto  di paragons;  SPAN.,  Cotas  dc 
referenda. 

See  RAILWAY  ENGINEERING. 
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BEND.    FB.,  Tuyau  coudtf;  GEB.,  Knierohr ;  ITAL.,  Gomito. 
A  piece  of  curved  pipe  connecting  two  straight  portions  is  designated  a  btnd. 
Earthenware  or  stoneware  bends  are  usually  double  the  price  of  a  straight  piece  of  the  same 
length.   The  pnce  of  cast-iron  bends  is  also  increased,  owing  to  the  pattern  being  more  costly  and. 
in  most  cases,  having  to  be  specially  made. 

Wrought-iron  pipes  can  be  bent  while  cold  by  filling  them  with  lead,  and  afterward*  mokin-* 
it  out  by  heating  the  pipe. 

BEKM.     FB.,  Berme;  GEB.,  Bern,  Wallabsatz ;  ITAL.,  Banchma;  SPAN.,  Berma. 
See  FOBTIFICATION. 

BETON.     FB.,  Beton;  GEB.,  Grundmdrtel ;  ITAL.,  Calcenruzzo ;  SPA*.,  fformigo* 
See  CONCBETE. 

BEVEL  OB  BEVIL.     FB.,  Angle  gui  n'est  pas   droit;  GEB.,  Spitter  oder  ttumpftr   WinU  • 
ITAL.,  Smusso;  SPAN.,  Chaflan. 

A  bevel  in  masonry  or  brickwork  is  a  sloped  or  canted  plane  surface. 
Any  angle  except  one  of  90°  is  called  a  bevel-angle.  See  HAND-TOOLS 
BINDEKS,  OB  BINDING-JOISTS.  FB.,  Travon,  chewteau;  GEB.,  Unterx*gt 
SPAN.,  Traviesas,  tirantes. 
See  JOISTS. 

BIED'S  MOUTH.     FB.,  Joint  en  biseau,  About  en  Geule;-  GEB.,  Keilsteg ; 
ITAL.,  Commettitura  abecco  d'uccello ;  SPAN.,  Picolete. 

Bird's  Mouth. — A  notch  cut  at  the  end  of  a  piece  of  timber,  as  Fig.  684. 
In  bricklaying,  a  notch  cut  in  a  brick  to  adapt  it  to  any  internal  angle 
less  than  90°  is  a  bird's  mouth. 

BISCUIT  MACHINE.     FB.,  ^ac/iine  a  faire  le  biscuit;  GEB.,  Bisquit 
Maschine ;  ITAL.,  Macchina  da  biscotti. 
See  BREAD-MAKING  MACHINERY. 
BISMUTH.     FB.,  Bismuth ;  GEB.,  Wismuth  ;  ITAL.,  Bismuto ;  SPAN.,  Bismuto. 
Bismuth  is  a  rare  metal,  but  its  distinguished  qualities  are  that  it  is  very  fusible,  and  causes 
other  metals  to  become  fusible  also.    Like  antimony,  it  is  very  brittle,  and  of  a  brilliant  1  astro ;  it* 
colour  is  white,  tending  to  flesh-colour.    It  melts  when  pure  at  480° ;  it  may  be  distilled  in  a  cloM 
vessel,  and  then  crystallizes  in  lamina.     Water  being  put  =  1,  its  specific  gravity  is  9  •  83,  which 
may  be  increased  to  9  •  98  by  hammering.    Bismuth  is  peculiarly  suitable  for  castings,  as  it  ex- 
pands in  the  act  of  cooling,  which  renders  it  peculiarly  suitable  for  castings. 

Ores  of  Bismuth. — There  are  many  minerals  which  contain  bismuth,  but  they  do  not  often 
occur  in  such  quantities  as  to  make  the  extraction  of  the  metal  profitable.  The  metal  is  not  very 
valuable,  and,  notwithstanding  its  scarcity,  it  is  sold  at  a  low  price.  It  occurs  native,  and  is  then 
easily  obtained.  Native  bismuth  is  found  in  Monroe,  Ct.,  where  it  is  associated  with  wolfram, 
galena,  blende,  and  quartz ;  also  in  Chesterfield,  South  Carolina ;  and,  of  course,  in  many  localities 
of  other  parts  of  the  world.  Sulphuret  of  bismuth  occurs  at  Haddam,  Conn.  The  carbonate 
is  found  in  the  gold  district  of  Chesterfield,  South  Carolina;  and  the  sulphuret 
and  lead  and  copper,  at  Lubec  lead  mines,  in  Maine.  Telluric  bismuth  exists 
in  the  gold  regions  of  Virginia  and  North  Carolina,  U.S.  All  the  m<-t;il  in 
market  is  obtained  almost  exclusively  from  cobalt-speise,  at  the  smalt  work* 
of  Germany.  This  residuum,  from  which  also  nickel  is  extracted,  contains 
on  the  average  1  per  cent,  of  bismuth. 

Alloys  of  Bismuth. — The  compounds  of  bismuth  are  distinguished  by  fusi- 
bility at  a  lower  degree  of  heat  than  those  of  most  other  metals.  Eight  parts 
of  bismuth,  5  of  lead,  and  3  of  tin,  melt  at  202°.  Two  bismuth,  1  lead,  1  tin, 
melt  at  a  little  lower  heat.  The  addition  of  mercury  increases  the  fusibility 

of  these  alloys.  One  bismuth,  2  tin,  1  lead, 
is  soft  solder  for  pewter.  Cliches  for  ste- 
reotypes are  composed  of  3  lead,  2  tin, 
5  bismuth;  this  alloy  melts  at  199°. 
45-5  bismuth,  28-5  lead,  17  tin,  and  9 
mercury,  is  an  alloy  for  plugging  teeth; 
it  fuses  at  149°.  An  amalgam  of  20  bis- 
muth and  80  mercury  is  used  for  silvering 
the  interior  of  glass  globes.  Like  anti- 
mony, bismuth  forms  an  alloy  readily 
with  the  alkaline  metals.  Its  affinity  for 
arsenic  is  very  weak,  like  that  of  phos- 
phorus ;  both  of  these  substances  may  be 
evaporated  from  the  hot  metal  almost 
entirely.  All  its  compounds  with  pre- 
cious metals  are  very  brittle.  Bismuth 
has  been  proposed  instead  of  lead  for  re- 
fining silver;  bat  the  experiments  per- 
formed with  it  were  not  satisfactory.  A 
iund  of  tin  and  bismuth  is  stronger, 


harder,  and  more  sonorous  than  pure  tin : 
and  for  these  reasons   it  is  added    to 

pewter.   An  alloy  of  equal  parts  of  lead  and  bismuth  is  heavier  than  the  mean  density  of  the  ti 
metals,  it  being  10 '709. 

CTsw.-Bismuth   is  scarcely  used  alone;   it  is  chiefly  employed  for  imparting  I 
alloys.     Besides  the  above-mentioned  applications,  it  is  used  in  the  alloys  of  which  w 
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BLAST  FURNACE. 


and  pings  in  steam-boilers  are  made.  Ha  oxides  are  used  as  cosmetics ;  also  as  paints,  and  printing 
colours. 

Miinufacturf.— The  operation  of  smelting  bismuth  is  extremely  simple ;  the  metal  having  but  a 
weak  affinity  for  other  substances  is  obtained  by  simply  heating  its  ore.  The  cut,  Fig.  685,  shows 
a  modern  liquation  furnace,  by  which  the  metal  is  obtained.  A  is  a  cast-iron  retort,  at  the 
highest  part  of  which  the  crude  ore  is  charged ;  B  shows  a  cast-iron  bowl  into  which  the  metal 
flows.  About  half  a  hundredweight  of  broken  ore  is  charged  in  each  retort,  of  which  there  are 
four  in  a  furnace  side  by  side.  This  quantity  nearly  half  fills  a  retort,  so  that  the  upper  part  of  it 
is  empty.  The  lower  end  of  it  is  closed  with  a  clay  plate,  or  slab,  providod-with  an  aperture  for 
the  discharge  of  the  melted  metal.  The  pipes,  when  properly  ignited,  soon  cause  the  metnl  to  flow 
into  the  dish  B,  which  contains  some  charcoal-dust.  By  applying  a  brisk  fire  and  some  stirring  to 
the  ore,  all  the  metal  contained  in  it  is  obtained  within  half  an  hour.  The  residuum  of  the  ore  is 
now  scraped  out  of  the  retort  into  a  trough  with  water,  and  the  pipes  are  filled  afresh.  About  a 
ton  of  ore  is  smelted  in  a  day  of  eight  hours.  The  metal  is  remelted,  cast  into  iron  moulds  in  the 
form  of  ingots,  and  is  now  ready  for  the  market. 

The  metal  thus  obtained  is  not  pure  but  it  may  be  purified  by  remelting  in  a  flat  earthen,  or 
rather  a  bone  ash-dish,  at  a  low  heat,  removing  the  dross  as  it  appears  on  the  surface  of  the  metal. 
It  is  advisable  to  melt  the  metal  thus  obtained  in  a  purer  form  in  a  blacklead  pot,  and  then  cast  it 
into  the  mould  for  ingots.  Bismuth  cannot  be  freed  from  silver  by  these  means,  in  consequence  of 
which  the  article  of  commerce  always  contains  some  of  that  metal.  The  annual  production  of  this 
metal  amounts  to  nearly  19,000  Ibs. 

BITS.    FB.,  Bittes ;  GEE.,  Grosse  Beting ;  ITAL.,  Bitte. 

See  ATGERS,  BRACES,  and  BITS. 

BLASTING.    FR.,  Pe'tardement ;  GEB.,  Sprcngen ;  ITAL.,  Minare. 

See  BORING  and  BLASTING. 

BLAST  FURNACE.  FB.,  Fburneau  a  courant  (Fair  force";  GEB.,  Schachtofen ;  ITAL.,  Forno  ad 
aria  forzata. 

Furnaces  are  classified  as  wind  or  air  furnaces  when  the  fire  is  urged  only  by  the  natural  draught ; 
as  blast  furnaces  when  the  fire  is  urged  by  the  injection  artificially  of  a  forcible  current  of  air ;  and 
as  recerberatory  furnaces  when  the  flame  of  the  fire,  in  passing  to  the  chimney,  is  thrown  down  by 
a  low  arched  roof  upon  the  materials  operated  upon. 

In  general  terms,  a  furnace  is  an  enclosed  place  where  a  hot  fire  is  maintained,  as  for  melting 
ores  or  metals,  for  warming  a  house,  for  baking  bread  or  pottery,  or  for  other  useful  purposes ; 
as  an  iron  furnace;  a  hot-air  furnace;  a  glass  furnace;  an  engine  furnace,  and  the  like.  See 
FURNACES. 

The  right  construction  and  suitable  arrangement  of  blast  furnaces  for  either  hot  or  cold  blast 
are  of  considerable  importance  in  the  smelting  and  manufacturing  of  iron. 

Smelting  is  an  operation  which  is  performed  in  the  blast  furnace,  as  it  is  termed,  because  of  its 
size  and  auxiliaries.  In  it  the  separation  of  the  metal  from  the  ore  depends  on  the  presence  of 
heat,  carbon,  and  the  condition  that  the  metal  is  heavier  than  the  oxidized  substances  which 
form  the  slag.  Blast  furnaces  are  used  exclusively  in  America,  for  smelting  fluid  iron,  and  mostly 
grey  iron.  In  some  parts  of  Europe  a  lump  of 
solid  iron  is  formed  in  the  hearth  of  the  furnace. 
But  this  is  an  expensive  way  of  smelting  iron, 
and  not  proper  for  imitation. 

Fig.  686  shows  a  vertical  section  of  a  modern 
blast  furnace.  These  furnaces  are  from  25  to 
50  ft.  high.  In  almost  all  instances,  the  bulk  of 
the  mason-work  is  constructed  of  rough  stones. 
Sandstone  is  preferable,  but  any  kind  may  be 
used  except  limestone.  The  furnace  itself  forms 
a  pyramidal  mass  of  masonry,  commonly  as  wide 
at  the  base  as  the  height  from  the  floor  to  its 
mouth.  The  interior  of  the  furnace  is  formed  of 
fire-proof  material,  the  lower  parts  of  sandstone, 
and  the  upper  of  fire-brick.  The  lower  part, 
marked  h,  forms  the  crucjble,  or  hearth,  at  which 
is  the  strongest  heat,  and  where  that  part  of  the 
ore  which  has  not  been  smelted  in  higher  parts 
of  the  furnace  is  melted.  This  part  is  most 
commonly  square,  its  sides  are  from  20  in.  to  6  ft. 
wide,  and  it  is  never  less  than  5  ft.,  often  8  ft. 
high.  The  stones  of  which  they  are  built  in 
America  are  exclusively  sandstones,  while  in 
Europe  we  find  them  constructed,  not  only  of  this 
material,  but  also  of  granite,  gneiss,  and  even 
limestones ;  the  latter,  however,  are  becoming 
rare.  Above  the  hearth  A,  the  furnace  widens 
rapidly  and  forms  a  gentle  slope,  6  the  boshes, 
where  the  furnace  is  gradually  converted  from  a 
square  to  a  round  form.  At  the  top,  or  widest  part  of  the  boshes,  which  varies  from  8  to  18  ft.  in 
diameter,  the  horizontal  section  of  the  interior  of  a  furnace  is  a  perfect  circle,  which  is  continued 
up  to  its  mouth.  This  round  part  of  the  furnace  is  most  generally  formed  of  fire-brick,  but  in  some 
instances  of  sandstone  or  shale.  It  has  the  form  of  an  inverted  cone,  in  which  the  sides  are  more 
or  less  curvde.  This  part  of  the  furnace,  marked  f,  is  termed  the  in- wall  or  lining.  All  those 
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Rough  stones  expand  and  contract  more  than  fire-brick,  and  are  more  liable  to  fracture.-  and 
as  injury  to  the  in-wall  may  cause  serious  losses,  the  safest  plan  is  to  use  good  fire-brick  for  it. 
construction  The  bricks  are  generally  moulded  in  the  proper  manner  for  forming  a  circle  and 
are  from  13  to  18  in.  in  length,  which  size  decides  the  thickness  of  the  in-wall.  The  in-walfr^U 
on  the  rough  wall  of  the  stack,  and  is  in  many  instances  supported  by  heavy  cast-iron  beam*,  whir] 
form,  in  the  meantime,  the  tuyere  arches.  The  mouth  of  the  furnace  is,  in  some  mrtancea.  JS? 
narrow,  in  others  wide;  this  depends  on  the  size  of  the  furnace,  kind  of  ore  fuel 
management.  The  diameter  of  this  throat  varies  from  20  in.  to  more  than  10  ft  In  the  majority 
of  cases  the  mouth  is  provided  with  a  cast-iron  cylinder,  which  forms  the  throat  Thia  cylinder 
receives  the  cold  material,  and  is  thus  prevented  from  melting,  or  from  injury  The  top  of  the 
furnace  is  generally  crowned  with  a  chimney,  c,  as  wide,  or  somewhat  wider,  than  the  mouth  of 
the  furnace ;  it  is  provided  with  one  door  at  small  furnaces,  and  with  several  at  larce  furnace* 
Through  these  doors  the  smelting  materials  are  charged. 

At  the  lower  part  of  the  furnace  may  be  seen  arches,  or  recesses  in  the  masonry  of  the  stack 
These  are  formed  by  dividing  the  basis  of  the  furnace  into  four  piers,  as  shown  in  Fiir  687  and 
are  called  side  arches,  HH,  and  back-arch,  F,  and  work-arch,  G.  These  recesses  are  generally 
covered  by  semicircular  brick  arches;  in  few  instances  they  are  formed  of  cast-iron  beams  The 
arches  are  from  8  to  16  ft.  wide,  according  to  the  size  of  the  furnace.  At  large  fumacea,  a  commu- 
nication between  these  arches  is  effected  by  a  gangway,  1 1 1 1,  piercing  the  piers.  The  front  or 
work  arch,  often  called  tymp-arch,  shows  that  the  crucible  is  open  here ;  the  discharge  of  the 
metal  and  slag  is  prevented  by  the  dam-stone  K,  which  is  of  a  triangular  section,  bedded  in  fire-clay 
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upon  the  bottom  stone.  L  is  the  tymp-stone,  Fig.  688 ;  it  forms,  by  being  raised  from  15  to  24  fa. 
above  the  bottom  stone,  the  aperture  for  the  discharge  of  the  smelted  matter,  and  affnrda  ample 
space  for  the  removal  of  any  obstructions  which  may  happen  to  be  formed  in  the  hearth, 
are  some  peculiarities  in  the  relative  position  of  dam-stone  and  tymp,  which  we  shall  point  out 
hereafter.  The  tymp  as  well  as  dam-stone  are  covered  with  a  heavy  cast-iron  pinto,  to  prevent 
their  being  injured  by  charging  heat.  From  the  top  of  the  dam  a  gentle  slope  in  formed  for  the 
discharge  of  slag  which  floats  continually  from  the  furnace.  At  the  base  of  the  dam-Atone  a 
small  aperture — the  tap-hole — is  formed  by  cutting  a  part  off  from  this  stone  before  it  in  br»Mi  <1 

In  Fig.  688  an  enlarged  view  of  the  hearth  and  boshes  is  represented,  which  present*  all  th>'ir 
parts  more  distinctly.  It  shows  the  principal  joints  of  the  hearthstones,  and  the  manner  in  which 
the  boshes  are  formed.  These  are,  in  small  furnaces,  constructed  of  a  mixture  of  clny  and  «and, 
and  in  large  charcoal,  anthracite,  and  coke  furnaces,  either  of  fire-brick  or  of  sandstone*. 

In  the  plan  here  represented  the  furnace  is  provided  with  three  tuyeres,  T.  The  blaat  pip** 
are  conducted  from  the  blast  machine  under  the  bottom  stone  of  the  hearth,  and  branchc*  from  it 
are  led  to  the  tuyeres.  Small  charcoal  furnaces,  which  smelt  from  20  to  25  tons  of  metal  a  week, 
work  by  one  tuyere  from  one  of  the  side  arches.  Large  charcoal  furnace*  are  worked  by  two 
tuyeres  on  the  opposite  sides:  while  anthracite  or  coke  furnaces  generally  have  three,  and  MOM 
five  or  six  tuyeres.  Conducting  the  blast  pipes  under  ground,  it  has  advantage*  fa  reapcct  to 
saving  room,  but  it  causes  vexation  in  case  any  accidents  happen  to  them,  which  often  orrur  \>r 
using  hot  blast.  It  affords,  however,  in  the  meantime,  the  security  of  a  dry  bottom  stone,  wliirh 
is  of  great  value  at  any  furnace.  If  the  blast  pipes  are  thus  conducted  under  the  heart 
should  be  placed  in  a  spacious  channel,  so  that  necessary  repairs  may  be  effected  at  any  time. 
The  bottom  stone  is  laid  upon  a  strong  cast-iron  plate  which  covers  this  chanin  1 

The  rough  walls  of  a  furnace  may  be  erected  with  little  lime  mortar  in  tho  jninU;  in  fact, 
roughly-laid  stones  appear  to  form  the  best  stacks.  When  the  masonry  is  well  joined,  and  fllM 
close  with  mortar,  a  system  of  air-channels  is  required  to  facilitate  the  escape  of  moirtnr*  whifh 
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adheres  tenaciously  to  any  masonry.    In  all  instances,  a  stack  may  be  erected  of  hewn  stones, 

bricks,  or  ore,  roughly  put  together ;  but  a  well-arranged  system  of  iron  binders  is  required  to 

prevent  a  separation  of  the  mason-work  in  consequence  of  the  ever-active  expansion  and  contraction 

of  the  building  materials.    The  mode  of  affixing  these  iron  binders,  or  ties,  is  indicated  in  the 

various  drawings ;  and  more  particularly  in  Fig.  689,  which  presents  a  horizontal  section  through 

the  widest  part  of  the  boshes.    The  particulars  respecting  the 

arrangement  of  these  ties  are  subject  to  the  discretion  of  the 

builder ;  but  we  may  remark  that  there  never  can  be  too  many 

binders  in  a  stack.    A  large  number  of  light  bars  is  preferable 

to  a  small  number  of  heavy  ones.    These  binders  are  wrought 

iron,  generally  square  bars  from  1}  to  2  in.,  provided  with  keys 

at  both  ends,  in  preference  to  screws  and  nuts,  which  are  not 

often  used.     Each  end  of  a  binder  is  also  provided  with  a  large 

cast-iron  washer,  which  covers  the  channel  as  well  as  the  stones 

nearest  to  the  binder.    As  we  have  said,  the  form  of  these 

binders  is  generally  that  of  a  square  bar;  but  a  flat  form  of 

bars  is  preferable.      These  binders  are  located  in  spacious 

channels,  so  that  they  may  be  taken  out  and  mended  in  case 

any  of  them  break. 

The  furnace  represented,  Fig.  686,  is  located  near  the  side 
of  a  steep  hill.  The  hill  and  furnace  are  then  connected  by  a 
bridge,  constructed  of  wood,  or  in  some  instances  of  stones,  or 
bricks.  Upon  this  bridge  a  light  building,  the  bridge-house,  is  erected,  which  serves  as  a  store- 
house for  fuel,  ore,  and  flux,  sufficient  to  feed  the  furnace  for  one  or  two  days.  Dry  stock  is  thus 
protected  against  rain  or  snow.  At  large  furnaces,  no  such  use  is  made  of  the  bridge-house, 
because  it  would  require  to  be  of  too  large  dimensions.  When  a  furnace  is  erected  on  a  level  place, 
or  when  no  advantages  can  be  obtained  by  locating  the  stack  near  a  hill,  which  is  decided  by  the 
mode  of  supplying  the  ore  and  coal,  these  materials  are  hoisted  by  machinery  into  a  tower.  Wheel- 
barrows, which  contain  the  smelting  materials,  are  pushed  upon  platforms  and  are  raised  by  chains 
to  the  top  of  the  furnace.  In  Fig.  690  such  an  arrangement  is  represented.  The  tower  N  is 
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generally  erected  of  strong  timbers,  and  its  top  connected  with  that  of  the  furnace  by  means  of  a 
wooden  bridge.  A  platform  is  made,  which  forms  in  the  meantime  a  cassoon,  for  the  reception  of 
so  much  water  as  wUl  balance  the  load  of  ore,  or  coal.  Two  such  platforms  are  suspended  on  a 
strong  chain,  over  a  rope-barrel,  and  when  the  lower  platform  is  loaded,  a  current  of  water  is 
conducted  by  means  of  leather  hose,  into  the  box,  or  cassoon,  which  forms  the  upper  platform. 
When  the  amount  of  water,  which  flows  from  a  reservoir  placed  at  the  top,  together  with  the 
empty  barrows,  is  heavier  than  the  loaded  platform  below,  the  water  is  shut  off,  and  the  loaded 
platform  ascends,  while  the  empty  one  descends.  When  the  cassoon  with  water  arrives  beneath, 
the  upper  platform  is  locked,  and  the  water  below  is  discharged  by  a  self-acting  valve,  into  a  drain 
below  the  level  of  the  floor.  The  rope-barrel  is  provided  with  a  strong  brake  by  which  to  arrest 
the  machinery,  in  case  an  accident  happens  to  any  part  of  it. 

This  machinery  for  hoisting  is  convenient,  inasmuch  as  the  power  to  set  it  in  motion  is  easily 
applied,  and  always  at  the  command  of  the  workmen,  provided  the  cistern  is  always  supplied  with 
water.  At  the  furnace  here  represented  the  hot-blast  apparatus  is  placed  at  the  top.  The  cold 
blast  is  conducted  upward,  and  the  hot  air  down  to  the  tuyere.  Under  this  arrangement  consider- 
able pressure  in  the  blast  is  lost,  which  may  be  in  some  measure  modified  by  employing  wide  pipes. 
At  most  furnaces  which  have  been  recently  erected,  both  hot-blast  apparatus  and  steam-boilers, 
which  supply  the  blast-engine  with  steam,  are  located  on  the  top  of  the  furnace.  For  these 
reasons  the  area  at  the  top  is  enlarged.  The  furnaces  are  thus  made  more  massive,  consepuently 
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there  is  less  loss  of  heat  by  radiation  from  the  furnace,  and  room  for  a  large  mouth.    The  hot-bbuH 
apparatus  is  in  these  instances,  located  behind  the  steam-boilers;  it  receives  the  ••stohsTw! 
it  has  passed  the  boilers     In  somo  instances  the  top  flame  is  divided,  and  partly  led  under  the 
boilers  and  partly  into  the  hot-air  stove. 

Whatever  may  be  the  dimensions  of  a  furnace,  or  whatever  kind  of  fuel  or  ore  ia  used,  the  work 
is  more  or  less  modified  by  local  circumstances.    When  a  furnace  ia  newly  built  or  h. 
of  blast,  or  has  a  new  hearth  put  in,  a  slight  fire  is  at  first  kindled  at  the  bottom  while  thedam 
stone  is  wanting.    In  order  to  protect  the  hearthatone  against  the  immediate  contact  of  a  strone 
heat,  it  is  lined  with  common  bricks,  which  prevents  the  flying  of  theae  atonea     The  anertmf 
formed  by  the  tymp,  bottom  stone,  and  side  stones,  is  walled  up  by  common  brick"  and  onlv  a  few 
small  apertures  admit  of  air  for  combustion.    The  hearth  and  stack  are  thus  slowly  dried  which 
may  require  from  three  to  ten  days     When  the  hearth  has  been  for  aome  days  thoroughly  warm: 
the  brick  lining  is  removed,  and  it  is  filled  to  the  top  of  the  boahea  with  either  charwal  anthraci 
or  coke,  whichever  may  be  the  combustible  used  for  smelting.    The  tymp  is  open  'in  oast 
hearth  is  warm  and  dry ;  but  when  any  doubt  exists  aa  to  its  being  dry,  aWa  ofaand  is  thrown 
on  the  coal  m  the  tymp  to  prevent  a  rapid  fire.    In  order  to  remove  clinkera  which  mav  be  formo 
in  the  hearth,  it  is  cleaned  every  twelve  or  twenty-four  hours;  and  when  the  heat  ia  atronsr  or  at 
early  starting  of  the  furnace  is  contemplated,  a  grate  is  formed  by  means  of  rineers-  omr  ir»n 
bars— as  shown    in  Fig.   691.      Thus  a  strong 
draught  is  produced,  a  rapid  combustion  ensues, 
and  the  heat  is  augmented.    If  these  bars  are 
withdrawn  after  fifteen  minutes  or  half  an  hour's 
time,  the  hot  coal,  descending  on  the  clean  hearth- 
stones, will  heat  them  thoroughly,  and  prepare 
them  as  well  as  the  bottom  stone  for  the  reception 
of  hot  metal.    One  day,  sometimes  two  or  three 
days'  heat,  which  time  may  be  shortened  by  the 
repeated  formation  of  grates,  will  prepare  the 
hearth ;  the  fuel  has  been,  all  this  time,  held  as 
high  as  the  boshes. 

When  thus  far  heated  the  furnace  may  be 
charged  with  ore.  In  small  charcoal  furnaces  the 
coal  is  generally  filled  higher  than  the  boshes; 
but  in  large  ones,  and  those  which  are  thoroughly 

heated,  there  is  no  need  of  having  much  fuel.  The  furnace  is  now  regularly  charged  alternately 
with  ore  and  coal ;  the  ore  amounts  to  only  half  of  a  full  charge,  but  the  measure  of  coal  is  always 
the  same.  These  charges  are  not  made  in  rapid  succession,  but  the  flame  ia  allowed  to  become 
visible  on  the  top  of  the  last  charge  before  another  is  filled.  The  furnace  ia  thua  alowly  fed  by 
alternate  charges  of  ore  and  coal ;  and,  in  order  to  facilitate  the  ascent  of  the  gases,  coarse  coal  u 
selected ;  or,  when  charcoal  is  used,  brands  or  wood  are  mixed  with  the  coal.  When  full  to  the 
very  top,  the  furnace  is  ready  to  receive  blast,  and  not  sooner.  Some  founders  usually  let  on  blast 
before  a  furnace,  is  quite  full.  This  is  imprudent ;  it  causes  disorder  from  the  start.  When  the 
furnace  is  thus  filled,  the  ore  is  drawn  down  by  repeated  gratings,  which  are  BO  managed  that  the 
bottom  is  properly  heated.  When  the  first  signs  of  slag  or  iron  appear  at  the  tymp  or  the  tuyeres, 
the  bottom  is  once  more  cleared  of  all  adhering  cinder,  the  dam-stone  put  in  its  place,  and  the 
dam  plate  bedded  in  clay  upon  it.  A  large  coal  or  coke,  or,  what  is  better  still,  a  mixture  of  fine 
damp  coal  and  a  little  clay,  is  filled  into  the  tap-hole;  a  stopper,  or  at  flrat  only  heavy  dust, 
is  filled  under  the  tymp,  and  the  blast  put  on.  At  the  first,  only  weak  blaat  ia  used ;  in  fart,  for 
the  next  two  or  three  weeks  the  furnace  does  not  receive  full  blaat,  in  order  not  to  injure  the  new 
hearth  and  in-walls  by  a  too  sudden  and  strong  heat.  A  furnace  ia  stouter  with  about  half  the 
pressure  which  it  will  take,  and  that  gradually  increased  in  the  course  of  some  weeks.  A  few 
hours'  blast  will  raise  the  fluid  cinder  to  the  top  of  the  dam-atone ;  the  blast  may  now  be  stopped 
for  a  few  minutes,  the  hearth  tried  by  a  light  bar  aa  to  cleanlineas,  and  if  found  free  from  clinkers 
or  cold  slag,  a  light  stopper  is  formed  of  clay  and  coal-dust, 
the  tymp  shut,  and  the  blast  let  in  again.  The  melted  iron 
accumulates  now  at  the  bottom  of  the  hearth,  and  the  slag 
runs  over  the  dam-plate  and  is  carried  away.  The  furnace, 
of  course,  is  perpetually  filled  with  coal  and  ore,  so  that  the 
materials  are  always  level  with  the  top.  It  must  be  a 
standard  rule  never  to  blow  a  furnace  by  low  stock,  no 
matter  how  it  works :  it  must  be  full.  In  cases  of  imminent 
danger  of  chilling,  a  sinking  of  charges  ia  excusable,  but 
only  to  be  refilled  by  dead  charges ;  that  ia,  coal  without  ore. 
It  will  require,  according  to  the  kind  of  furnace,  from 
twelve  to  twenty-four  hours  to  fill  the  hearth  with  iron. 
If  possible,  the  iron  ought  to  come  near  the  top  of  the  dam, 
before  the  tap-hole  is  opened  for  the  first  time.  The  tap- 
hole  is  generally  at  the  right-hand  side  in  the  tymp-arch, 
near  A,  Fig.  692.  A  channel,— run, — dug  in  moulding 
sand,  conducts  the  iron  to  the  pig-bed,  B,  where  the  piga 
are  previously  moulded  into  sand  or  coal-dust,  or  dust  of 
anthracite  or  coke,  by  means  of  wooden  patterns.  Running  the  iron  into  iron  chills  Is  » 
practised.  It  is  confined  to  only  a  few  furnaces  near  Baltimore.  If  the  iron  ia  taprx-d 
pool  is  quite  full,  the  hearthstones  below  the  tuyeres  are  liable  to  be  coated  with  a  dry,  te 
cinder,  which  may  cause  serious  vexation.  Such  dry  cinders  cause  cold,  white  iron,  and 
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occasion  the  freezing  of  the  iron  in  the  bottom.  When  the  iron  is  thus  tapped  from  the  furnace, 
the  blast  is  slaked,  or  stopped,  the  clinkers  and  rol«l  cinder  removed,  and  a  fresh  stopper  of  clay 
and  sand  placed  under  the  tymp,  and  the  blast  put  on  nuruin. 

The  first  iron  made  should  always  be  grey  iron;  for  these  reasons  the  ore  charges  nre  light. 
An  increase  of  oro  must  be  mode  gradually  and  very  slowly,  proceeding  with  the  greatest  caution 
as  to  the  increase  of  burden.  White  or  mottled  iron,  in  the  first  week  of  a  blast,  is  an  indication 
of  scaffolding  the  furnace.  The  fluid  cinder  thus  formed  is  liable  to  adhere  to  the  in-wall 
cause  troublesome  concretions.  When  grey  iron  is  smelted  the  cinder  is  not  very  fluid,  and  may 
descend  into  the  crucible  before  it  becomes  sticky,  where  the  heat  is  strong  enough  to  remove  it  at 
any  time. 

The  tvmp-arch  is  divided  into  two  parts,  as  shown  in  Fig.  692.  The  run  for  the  fluid  iron  is 
ns  much  lower  than  the  part  C  in  the  middle  as  the  height  of  the  dam-stone.  C  forms  somewhat 
of  a  slope,  falling  from  the  dam-stone  gently.  At  the  left-hand  side  are  two  cavities,  into  which 
the  cinder  runs  alternately.  About  a  ton  of  it  is  necessary  to  fill  such  a  cavity  with  wlag.  A 
piece  of  pig  iron,  or  any  other  iron,  19  set  vertically  into  the  centre  of  the  empty  cavity,  the  cinder 
flows  around  it,  by  which  it  is  firmly  held,  and,  when  the  mass  is  nearly  cold,  it  may  be  lifted  by 
means  of  a  crane  located  at  D.  It  is  deposited  on  a  horse-cart,  and  carried  away.  The  slope  C  is 
separated  from  the  run  A,  and  from  the  slag-trough,  by  cast-iron  plates,  set  so  close  to  both  sides 
as  to  afford  only  sufficient  room  for  either  the  iron  or  tne  slag  to  be  removed.  The  room,  or  slope, 
thus  formed,  is  necessary  for  the  furnace-men  to  stand  upon  and  work  the  furnace.  In  order  to 
make  this  space  as  large  as  possible,  the  tymp-arch  is  considerably  larger  than  the  tuyere-arch. 

Having  thus  far  given  a  general  description  of  a  blast  furnace,  its  construction  and  mode  of 
operation,  we  will  now  take  notice  of  some  of  its  most  important  particulars.  To  commence  with 
the  bottom  stone.  This  part  of  the  furnace  should  be  particularly  dry,  and,  if  convenient,  even 
warm  A  cold  or  damp  bottom  causes  white  iron  and  waste  of  fuel.  In  some  parts,  particularly  in 
Sweden,  the  bottom  is  purposely  kept  cool ;  but  not  so  in  this  country.  It  happens  at  some  old 
furnaces  that  the  foundation  is  not  perfectly  dry,  for  want  of  drains ;  but  furnaces  recently  erected 
are  well  provided  with  means  for  the  removal  of  moisture.  Some  kinds  of  ore,  but  chiefly  the 
quality  of  iron  smelted,  afford  the  reasons  for  having  a  cold  bottom  stone;  considering,  however, 
the  greater  use  of  fuel  incident  to  it,  the  advantages  are  in  favour  of  a  dry  and  warm  bottom. 
The  leading  form  should  be  the  one  represented  in  Fig.  693,  for  the  foundation  of  a  furnace.  A 
spacious  archway  crosses  under  the  furnace  between  the  pillars,  so  that  a  man  may  enter  and 
examine  it.  Any  moisture  which  happens  to  penetrate  from  above,  which  is  often  the  case  at  hot- 
blast  furnaces,  thus  subsides  quickly,  and  cannot  do  much  harm.  In  the  meantime,  it  affords  an 
opportunity  of  correcting  the  discharge  of  water,  in  case  there  is  any  obstruction.  A  damp 
bottom  stone  is  not  only  the  cause  of  waste  of  fuel,  but  it  produces  vexatious  concretions  of  cinder 
below  and  around  the  tuyere,  which  cause  much  trouble  to  the  founder.  The  bottom  stone  should 
be  in  one  piece,  if  possible,  but  there  is  not  much  harm  done  if  it  is  spliced,  provided  the  joint  is 
close,  and  tho  stone  safely  bedded.  It  should  be  a  hard,  well-dried  sandstone,  with  a  uniform 
grain. 
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The  plan  of  the  hearth  is  a  square,  and  seldom  round  or  elliptic ;  the  dimensions  of  the  hearth 
depend  entirely  on  circumstances.  A  furnace  in  western  New  York — Siscoe  furnace — which  melta 
a  mixture  of  magnetic  ore  and  hematites,  principally  the  former,  is  2  ft.  10  in.  wide,  18  in.  high  below 
the  tuyere,  and  20  in.  above  the  tuyere,  where  the  boshes  commence.  Such  a  low  hearth  is  suitable 
for  magnetic  ore,  spathic  ore,  and  some  specular  ores,  but  it  would  not  work  well  with  hematites ; 
for  the  latter  kind  of  ore  requires  a  higher  hearth  above  the  tuyere.  The  charcoal  furnaces  of 
Pennsylvania,  U.S.,  are  not  often  less  than  4  ft.  high  above  the  tuyere.  Ores  which  melt  easily, 
or  which  are  porous  and  form  grey  iron,  ought  to  be  smelted  in  a  high  hearth.  The  height  of  a 
hearth  is  regulated  by  the  ore,  but  the  size  of  it  at  the  tuyere  is  determined  by  the  fuel.  A 
hearth  for  anthracite  or  coke  is  not  higher  than  a  charcoal  hearth.  For  ores  which  melt  with  dif- 
ficulty, a  low  hearth — in  fact,  one  where  the  boshes  commence  at  the  tuyere,  as  shown  in  Fig.  694, 
is  considered  profitable,  and  for  porous  hematites  it  may  reach  1  •  5  ft.  above  the  tuyere.  The  space 
below  the  tuyere  is  generally  plumb  ;  above  it,  the  batter  is  from  -Jj  to  £ :  that  is,  one  half-inch  to 
the  foot  for  very  mild  ores,  and  2  in.  to  the  foot  for  refractory  ones.  A  high  crucible  has  always 
more  taper  than  a  low  one ;  and  one  for  rich  or  refractory  ores  more  than  one  for  impure  and 
fusible  ores.  When  forge-pig  is  smelted,  the  hearth  is  lower  or  more  tapered  than  for  grey  or 
foundry  pig.  The  hearth  should  be  wider,  and  have  more  batter,  when  much  than  when  only  a 
little  iron  is  to  be  smelted.  The  height  and  batter  of  a  hearth  are  in  fact  not  of  so  much  importance 
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as  is  commonly  supposed.  It  is  expensive  to  smelt  grey  iron  in  a  low  or  much-tapered  hearth.  an.l 
it  is  expensive  to  manufacture  forge-pig  in  a  high  hearth.  A  high  hearth  always  cau~..s  inferior 
forge-iron.  The  high  crucible  saves  fuel  and  ore,  but  works  slow  If  we  assume  that  a  furnace 
without  a  hearth,  where  the  tuyere  is  only  8  or  10  in.  above  the  oottom,  and  the  battor  of  the 
boshes  drawn  down  to  the  tuyere,  as  shown  in  Fig.  694,  and  also  that  a  furnace  of  this  construct im, 
produces  the  best  forge-iron— then  regarding  this  as  one  extreme  of  the  forms  of  a  hearth  and  con- 
sidering the  other  extreme  to  be  a  hearth  6  ft.  high,  and  only  J-in.  letter  to  the  foot,  and  assi-m  to 
this  the  capacity  of  producing  the  best  foundry-pig  iron— we  shall  have  the  intermediate  forms 
nearly  in  the  following  order  for  ores.  Starting  with  no  hearth,  or  the  lowest  hearth,  low  pressure 
in  blast,  forge-pig,  and  much  iron,  the  ores  which  may  be  smelted  to  advantage  are  aa  follows  •  raw 
sparry  carbonates,  raw  magnetic  ore,  silicates  and  forge-cinder,  raw  argillaceous  ore,  crvstnilizt-d 
peroxide,  specular  ore,  compact  peroxide,  red  oxides,  roasted  carbonates,  roasted  magnetic  ore 
roasted  argillaceous  ore,  raw  hematites,  roasted  hematites,  pure  bog  ores,  and  bog  ores  which  c..n- 
tain  much  phosphate.  The  series  of  ore  inverted  will  work  in  a  high  hearth,  strong  blast  found  rv- 
pig,  and  smelt  slowly.  Bog  ore  may  be  smelted  in  a  low  hearth,  but  not  to  advantage.'  As  the 
ores  are  generally  impure,  a  great  deal  of  iron  is  lost  in  the  slags,  and  consequently  much  coal  is 
used ;  the  yield  is  bad,  and  however  good  the  iron  may  be  in  the  forge,  it  is  of  no  use  in  the 
foundry.  If,  on  the  contrary,  we  smelt  refractory  ore,  commencing  with  the  series,  in  a  high 
hearth,  the  yield  is  poor,  much  coal  is  used,  the  iron  never  good  for  the  forge,  and  not  useful  in  t?ie 
foundry.  We  thus  see  how  much  the  form  of  a  hearth  is  dependent  upon  a  variety  of  circum- 
stances, which  must  be  considered  in  its  construction.  If  we  erect  a  cylindrical  hiirh  hearth  for 
smelting  magnetic. ore,  and  intend  to  smelt  good  forge-pig,  and  much  of  it,  we  certainly  fnil  in  the 
attempt.  And  if  we  desire  to  produce  foundry-pig,  of  bog  ores,  in  a  furnace  without  a  hearth,  wo 
shall  find  the  iron  very  poor,  weak,  and  hard,  consuming  much  coal  and  ore  in  its  manufacture,  ami 
not  suitable  at  all  to  be  worked  in  the  forge.  By  considering  these  facts,  we  distinguish  easily  tho 
correct  form  of  hearth  for  certain  kinds  of  ore,  as  well  as  quality  and  yield  of  iron. 

One  side  of  a  horizontal  section  of  the  hearth,  or  the  distance"  between  the  tuyerea,  is  never  less 
than  18  in.,  and  not  larger  than  8  ft.  Round  or  oval  sections  of  crucibles  are  not  often  used,  and 
we  shall  not  allude  to  them.  The  true  measure  of  a  hearth  is  the  contents  of  the  area,  for  which 
we  assume  one  side  of  a  square.  These  dimensions  are  somewhat  controlled  bv  the  nature  of  the 
ore,  but  depend  chiefly  on  the  quality  and  kind  of  fuel,  on  the  quantity  and  kind  of  iron  to  be 
smelted,  on  the  pressure  of  the  blast,  and  on  the  number  of  tuyeres.  A  hearth  of  only  18  in. 
square  at  the  tuyere,  which  is  worked  by  one  tuyere,  will  make  very  little  iron — 2  or  2}  tons  in 
twenty-four  hours.  These  dimensions  are  only  suitable  for  working  by  weak  blast,  with  J-lb. 
pressure,  and  charcoal.  In  fact,  all  dimensions  below  30  in.  are  for  charcoal  only.  A  hearth  of  24 
inches  may  produce  from  3  to  5  tons  per  diem,  with  f-lb.  blast  and  one  tuyere  ;  two  tuyeres  may 
bring  the  yield  to  6  tons  a  day.  A  hearth  of  30  in.  may  be  worked  'by  three  tuyeres,  f  to 
1  Ib.  pressure,  and  produce  from  6  to  10  tons  of  metal  in  twenty-four  hours.  The  ore  has  much 
influence  on  the  yield.  A  hearth  of  at  least  30  in.,  and  from  that  to  4  ft.  in  width,  is  used  for 
smelting  by  coke,  the  yield  of  the  furnace-being  in  ratio  to  the  size  and  amount  of  blast ;  it  varies 
from  10  tons  per  diem  to  16  or  17  tons.  We  find  in  anthracite  furnaces  — the  largest  hearths  in 
them — the  distance  between  the  opposite  tuyeres  is  not  less  than  40  in.,  and  sometimes  it  is  as 
wide  as  6  ft.  An  old  hearth  is  frequently  found  to  work  well  with  a  width  of  8  ft  The  yj.  M 
in  these  furnaces  varies  from  10  tons  per  diem  to  30  tons,  according  to  size,  ore,  pressure  of  blast, 
and  number  of  tuyeres.  Large-sized  hearths  are  generally  of  a  round  form. 

Pressure  of  Blast.— The  density  of  blast  depends  strictly  on  the  quality  of  fuel.  It  has  been 
observed  that  soft  charcoal  works  best  with  £  to  £  Ib.  pressure  to  the  sq.  in. ;  hard  charcoal, 
with  |  to  1  Ib.  pressure.  The  best  wood  charcoal  will  not  bear  more  than  this  density.  Raw 
bituminous  coal,  or  coke,  is  worked  to  advantage  with  2J  Ibs.  to  4  Ibs.  pressure,  and  anthracite 
should  have  at  least  4  Ibs.  We  have  no  evidence  that  more  density  is  injurious  to  the  <>j 
with  anthracite.  When  less  pressure  than  this  is  at  our  disposal,  either  from  want  of  power  or  an 
imperfect  blast-machine,  the  width  of  the  hearth  should  be  reduced,  to  produce  the  necessary  forco 
of  current  in  the  fuel.  When  hot  blast  is  used,  the  densities  are  as  above 
stated;  but  with  cold  blast  they  may  be  considerably  increased.  As  the 
effects  of  hot  blast  may  be  in  some  measure  produced  by  higher  densitii  s, 
the  best  results  must,  as  a  matter  of  course,  be  obtained  when  pressure  ami 
temperature  are  so  regulated  as  to  work  the  ore  with  the  smallest  amount  of 
fuel.  We  are  not  informed  what  density  of  cold  blast  anthracite  coal  will 
bear;  but  we  know  that  strong  coke  will  bear  6  Ibs.,  hard  charcoal  1  to  1J  Ib., 
and  soft  charcoal  to  $  and  1  Ib. 

Number  of  Tuyeres. — The  number  and  size  of  tuyeres  depend  on  the  size  of 
hearth,  the  quantity  of  iron  to  be  made,  and  whether  Imt  or  cold  blast  is 
used.    In  a  small  furnace,  where  charcoal  is  used,  and  the  production  is 
limited,  but  one  tuyere  is  used ;  and  this  is  applied  at  one  side  of  the  hearth, 
as  shown  in  Fig.  695,  and  at  the  side  of  the  tap-hole.    It  is  a  remarkable 
fact,  that  all  attempts  have  proved  futile  to  work  a  furnace  by  placing  the 
tuyere  in  the  back  stone,  opposite  the  tymp.    This  appcnrs  to  be  its  natural 
position,  but  in  practice  it  does  not  prove  so.    Good  coal,  fusible  ore,  strong 
blast,  and  a  well-sized  hearth,  will  produce  a  large  quantity  of  iron  with  one 
tuyere.     Some  furnaces  smelt  as  much  as  7  tons  per  diem  by  these  means. 
There  are  great  advantages  in  working  one  tuyere,  particularly  with  Nfaefen  ores  ami  cold  b 
All  clayish  and  siliceous  ores  work  bettor  with  a  single  one.     When  a  stv.>iul  tn\.  r<-  is  HMO,  it  it 
placed  opposite  the  one  shown  above.    At  charcoal  furnnces  we  do  not  often  find  a  third 
At  coke  and  anthracite  furnaces  we  find  at  least  two  tuyeres,  and  in  most  cases  three :  and 
times  as  many  as  five  or  six.    Then  the  section  of  the  hearth  ia  round,  and  the  tuyeres  are  pi* 
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as  shown  in  Fig.  696.    This  arrangement  is  well  adapted  to  work  by  hot  blast,  but  troublesome 
in  using  cold  blast,  on  account  of  the  cooling  influence  of  the  many  apertures.     Blast,  strongly 
heated  so  as  to  prevent  chills  at  the  tuyeres,  works  admirably  well  by  such  an  arrangement.    A 
wide  hearth  ana  hot  blast  will  admit  of  the  use  of  more 
tuyeres  than  a  narrow  hearth  and  cold  blast. 

Size  of  Boshes. — That  part  of  the  furnace  commencing 
at  the  top  of  the  crucible,  which  forms  a  slope  more  or 
less  steep,  the  form  of  which  varies  very  much,  will  be 
t -a.-ily  understood  after  the  preceding  remarks.  The 
width  of  boshes,  which  means  the  largest  diameter  of 
the  interior  furnace,  depends  in  some  measure  on  the 
fuel,  but  chiefly  on  the  quantity  of  blast  which  is 
brought  to  bear  upon  the  fuel.  The  diameter,  or  rather 
the  slope  of  the  boshes,  depends  also  on  the  kind  of  ore 
which  is  smelted.  We  may  reasonably  assume  that  this 
slope  is  intended  to  perform  a  certain  service,  and  that 
can  be  no  other  than  gradually  to  dimmish  the  force 
of  the  current  of  blast.  As  has  been  demonstrated  in 
previous  pages,  the  current  of  blast  carries  along  with 
it  particles  of  carbon,  which  may  be  either  dissolved  in 
the  gases  or  not.  They  will  be  deposited  where  the 
current  or  temperature  is  too  weak  to  hold  them  longer 
in  suspension.  This  fine  carbon  is  absorbed  by  the 
porous  ore.  The  size  of  the  boshes  must  be,  therefore, 
in  ratio  to  the  quantity  of  blast  and  the  kind  of  fuel ; 
assuming  that  both  current  and  temperature  are  at  the  greatest  diameter,  so  far  diminished  as  to 
deposit  the  particles  of  carbon.  If  the  boshes  are  too  narrow  for  a  certain  quantity  of  blast,  the 
point  of  depositing  carbon  is  carried  higher  and  the  smelting  of  the  ore  commences  where  it  is 
liable  to  deposit  refractory  slag  on  the  slope,  causing  scaffolding.  If  the  diameter  is  too  large, 
the  ores  are  carbonized  too  low,  and  the  slightest  alteration  of  heat  must  inevitably  deposit  par- 
tially melted  ore  in  the  widest  part  of  the  boshes,  causing  concretions.  In  cases  of  doubt,  it  is 
preferable  to  have  the  boshes  too  narrow,  rather  than  too  wide ;  but  we  must  be  aware  that  nothing 
has  more  influence  upon  the  quantity  of  metal  smelted  than  the  dimension  of  the  boshes.  But  if 
the  furnace  cannot  be  supplied  with  sufficient  blast,  it  is  very  vexatious  to  have  the  boshes  too 
wide.  The  extreme  diameters  in  use  are  from  7  to  18  ft.  Charcoal  furnaces  will  bear  9£,  and  in 
some  instances  10  ft.  of  width ;  but  the  latter  is  rather  a  large  size.  Coke  furnaces  are  not  often  less 
than  12  ft.,  and  do  not  work  well  if  larger  than  15  ft.  Anthracite  appears  to  afford  a  wide  range; 
we  find  furnaces  of  10  ft.  boshes,  and  also  of  18  ft.,  or  nearly  four  times  larger.  As  the  quantity 
of  blast  is  in  proportion  to  the  fuel,  and  that  in  some  measure  controlled  by  the  quantity  of  metal 
made,  we  find  that  the  production  of  a  furnace  is  nearly  in  proportion  to  the  size  of  the  boshes ;  still, 
this  rule  is  not  so  perfect  as  to  admit  of  correct  deductions.  The  kind  of  ore  and  quality  of  iron 
smelted  exert  almost  as  much  effect  on  the  yield  of  a  furnace  as  the  size  of  boshes.  Fusible,  well- 
fluxed  ore  furnishes  more  iron,  and  a  larger  quantity  of  forge  than  of  foundry  iron  may  be  made  in  the 
same  time  by  boshes  of  the  same  size.  When  the  diameter  depends  on  the  quantity  of  blast,  the  slope 
of  the  boshes  is  regulated  by  the  ore  and  the  quality  of  iron  smelted.  A  slope  of  50°  is  commonly 
adopted  in  small  furnaces  where  fusible  bog  ores  are  smelted ;  even  45°  are  not  considered  too  flat. 
Raw  ores,  of  the  primitive  formation,  are  smelted  in  slopes  of  from  70°  to  75°,  as  shown  in  Fig.  694. 
Between  these  two  extremes  we  observe  many  varieties  of  slopes.  Close,  compact  ores,  which  do 
not  form  grey  iron,  are  smelted  in  steep  boshes ;  and  ores  which  are  inclined  to  produce  a  grey 
fusible  iron  may  be  smelted  in  flat  ones.  Foundry  iron  is  better  when  made  in  flat  boshes,  and 
forge  when  made  in  steep  ones.  The  yield  of  a  furnace  is  greater  in  the  latter  than  in  the  former. 
The  use  of  fuel  is  also  greater  in  steep  than  in  flat  boshes.  This  depends,  however,  so  much  on 
the  form  and  composition  of  the  ore,  that  in  these  respects  little  influence  is  exerted  by  the  slope 
of  boshes. 

That  part  of  the  furnace  commencing  at  the  widest  part  of  the  boshes  and  extending  to  the  top 
is  always  of  a  conical  form,  with  straight,  or  more  or  less  curved  sides.  By  examining  the  use  of 
this  part  of  the  furnace,  we  arrive  at  its  correct  form.  In  practice,  we  find  it  such  as  is  represented 
in  Fig.  697.  We  shall  not  consider  the 
advantages  or  disadvantages  of  these 
forms  of  iu-walls,  but  proceed  to  define 
the  use  of  this  part  of  the  furnace. 
Assuming  that  the  operation  of  reviving 
and  melting  the  metal  and  the  slag  is 
carried  on  in  the  lower  part  of  the  furnace, 
from  the  largest  diameter  downwards — 
which  is  not  always  true,  as  we  shall 
see  hereafter — we  discern  the  use  of  the 
space  enclosed  by  the  in-wall.  Nothing  is  performed  in  it  except  the  evaporation  of  water,  and 
of  gases  from  the  ore  and  coaL  In  reducing  the  ore,  these  substances  should  not  be  present. 
Water,  as  well  as  hydrogen,  free  oxygen,  or  nitrogen,  are  of  no  use  in  the  crucible ;  the  first  and 
the  second  are  actually  hurtful.  The  object  of  this  space,  therefore,  is  to  evaporate  water  from 
ore  and  coal  without  causing  iujury  to  the  form  of  these  substances.  A  high  heat,  of  course,  will 
evaporate  water  sooner  than  a  low  one ;  and  it  will  also  break  coal  and  some  kinds  of  ore,  and 
form  dust  of  them.  For  these  reasons,  a  high  heat  at  the  mouth  of  the  furnace  is  often  found  to  be 
injurious  to  the  smelting  operation.  Charcoal  requires  at  least  twenty-four  hours  to  dry  it  at  a  low 
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heat,  and  some  kinds  of  clay  or  argillaceous  ore  three  times  that  length  of  time.  When  coal  and  or* 
may  be  dried  in  twenty-four  hours,  without  injury  to  form,  the  size  is  sufficient  when  the  capacity  of 
the  furnace  above  the  boshea  is  sufficiently  large  to  hold  ore  enough  to  work  for  twenty-four  hours. 
When  10  tons  of  iron  are  smelted  in  that  time,  and  3  tons  of  ore  and  200  bushels  of  coal  are  required 
for  1  ton  of  iron,  the  furnace  must  hold  30  tons  of  ore  and  2000  bushels  of  coal  above  the  bosheo. 
Generally  we  find  the  capacity  somewhat  greater ;  but  there  is  no  necessity  to  nave  more  stock 
in  the  furnace,  whether  charcoal  or  anthracite.  Where  coke  or  raw  bituminous  coal  U  used,  the 
case  is  different.  This  fuel  contains  always  more  or  less  hydrogen,  the  pressure  of  which  ia  highly 
injurious  iu  that  part  of  the  furnace  where  the  iron  ia  received.  It  requires  a  red  heat  and  a  liberal 
supply  of  air  to  expel  hydrogen  from  a  large  body  of  coal,  and  also  much  time.  In  this  case  little 
can  be  done  in  twenty-four  hours,  and  therefore  such  furnaces  have  a  capacity  for  three  day**  stock. 
The  form  of  the  in-wall,  if  curved  or  straight,  cannot  therefore  have  much  influence  on  the 
operation ;  but  a  gentle  curve,  or  a  cylindrical  part  above  the  boshes,  ia  found  advantageous.  Thia 
will  afford  some  play  for  the  oscillations  of  blast,  and  prevent  scaffolding  on  the  slope  of  the  boahea. 
The  curved  form  shown  in  C,  D,  Fig.  697,  affords  one  advantage — namely,  the  same  capacity  with 
less  height ;  and  for  this  reason  the  curve  is  advantageous.  It  has  been  observed,  that  beyond  a 
certain  limit  there  is  no  advantage  in  increasing  the  height  of  a  furnace.  This  may  be  40  ft  for 
charcoal  and  anthracite,  and  50  ft.  for  coke  or  bituminous  coal.  A  lower  furnace  works  easier, 
makes  better  iron  for  the  forge,  and,  when  well  arranged — that  is,  of  sufficient  capacity — does  not 
consume  more  coal  in  proportion  to  the  iron  smelted  than  a  high  furnace.  It  ia,  therefore,  desirable 
to  operate  with  the  least  height.  This  can  be  accomplished  only  by  curving  the  lining  so  as  to 
gain  in  the  capacity.  If  this  space  of  the  furnace  serves  no  other  purpose,  we  may  give  any  form 
we  choose,  without  injury  to  the  work.  It  has  been  proved  by  experience  tliat  the  curved  lining 
and  a  low  furnace  work  better  than  a  straight  lining  and  high  stack.  The  curvature  ia,  of  course, 
never  to  extend  beyond  the  largest  diameter  of  the  boshes. 

Size  of  Mouth. — On  this  subject  a  great  deal  of  controversy  has  arisen  without  any  satisfactory 
result.  It  is  settled  that  narrow  tops  and  too  wide  mouths  cause  a  waste  of  fuel. 

If  we  consider  the  object  of  this  aperture  we  shall  be  able  to  determine  its  size.  The  mouth  ia 
chiefly  for  charging  the  furnace  with  ore,  coal,  and  flux,  and  for  the  escape  of  the  waste  gaaea.  If 
the  current  of  the  gas  is  too  strong  at  the  top,  a  large  quantity  of  small  particles  of  carbon  are 
torn  loose  and  escape,  thus  causing  a  loss  of  fuel.  If  the  throat  is  too  narrow,  the  ore  is  apt  to  bake 
and  form  lumps,  which  pass  into  the  centre  of  the  furnace,  and  descend  to  the  hearth  unsmelted. 
A  mouth  of  the  proper  size  will  cause  some  ore  to  move  towards  the  in-walls,  while  the  large  maaa 
will  remain  in  the  centre.  When  the  throat  is  narrow,  a  marked  difference  is  found  in  the 
operation  of  the  hearth  when  a  fresh  charge  is  thrown  in  and  when  it  is  down.  This  is  particularly 
the  case  at  small,  low  charcoal  furnaces.  The  oscillation  in  heat  thus  produced  causes  a  waste  of 
fuel.  A  narrow  throat  will  work  hotter  than  a  wide  one,  and  thus  cause  the  flying  of  coal  and  ore, 
which  makes  dust  in  the  boshes  and  forms  an  obstruction  to  blast.  There  would  be  no  objection 
to  making  the  mouth  as  wide  as  the  boshes,  were  it  not  that  by  so  doing  the  ore  is  thrown  chiefly 
near  the  in-walls,  which  in  melting  will  cause  scaffolding ;  anil  if  in  this  case  the  ore  is  charged 
in  the  centre  of  the  furnace,  the  waste  heat  escapes  chiefly  at  the  in-walls,  preventing  it  fn  nn 
becoming  sufficiently  dry  before  arriving  at  the  hearth.  These  reflections  lead  to  the  conclusion 
that  half  the  diameter  of  the  boshes  should  be  nearly  the  diameter  of  the  mouth,  which  is  confirmed 
by  practice.  At  charcoal  furnaces  the  diameter  of  the  mouth  is  generally  made  narrower,  under 
an  apprehension  that  heat  will  be  lost.  At  coke  and  anthracite  furnaces,  we  find  the  thmat  wider 
than  half  the  diameter  of  the  boshes ;  it  ranges  between  &  and  f  of  it.  There  ia  leas  danger  of 
losing  heat  by  a  wide  than  a  narrow  mouth  ;  the  latter  always  consumes  more  fuel  than  the  former, 
but  it  requires  more  attention  on  the  part  of  the  founder,  because  of  its  tendency  to  cauae  aoaf- 
folding.  The  mouth  may  be  formed  of  an  iron  cylinder  or  a  brick  wall. 

The  mouth  is  sometimes  surmounted  by  a  chimney ;  this  ia  required  to  protect  the  workmen 
against  injury  from  the  flame.  An  open  mouth  causes  improper  filling,  because  the  men  sometime* 
cannot  get  near  the  proper  place,  in  consequence  of  the  flame  which  is  drivm  there  by  the  draught 
or  wind.  It  is  in  all  instances  proper  to  erect  some  protection  for  the  flllera.  A  brick  chimney, 
well  provided  with  binders,  and  some  apertures  for  charging,  is  all-sufficient  for  the  purpoae. 

Blast  furnaces  have  in  most  cases,  and  should  have  in  all  cases,  a  roof  over  the  top  of 
stack,  a  bridge-house,  and  a  moulding-house.    The  uses  of  these  buildings  aro  obvious— for  the 


protection  of  those  who  work  the  sand  in  the  pig-bed,  and  the  ore,  coal,  and  furnace,  from  tb«  effect* 
of  rain  and  snow.    The  whole  of  a  blast  furnace,  including  all  these  bnildmga,  aa 
such  as  is  represented,  Fig.  698.    All  these  buildings  should  be  construe* 
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with  a  fire-proof  paint ;  for  any  losses  in  consequence  of  a  conflagration  in  those  establishments 
are  of  a  serious  nature,  because  they  cannot  well  be  covered  by  insurance. 

We  recognize  two  distinct  and  active  principles  iu  smelting  iron  ore,  or,  in  fact,  any  other  ore. 
The  one  relates  to  those  instances  where  porous  ore  is  smelted ;  the  other  is  that  in  which  com- 
pact area  are  reduced.  In  former  pages  we  had  occasion  to  allude  to  this  subject,  and  remarked 
that  carbon  must  be  dissolved  in  the  gases  of  the  lower  part  of  the  furnace,  or  we  could  not  account 
for  grey  iron.  The  carbon  may  be  dissolved  in  hydrogen,  or  any  other  gas ;  it  will  be  attracted  by 
the  oxygen  of  the  ore,  the  pores  of  which  it  will  fill  if  it  is  porous.  By  whatever  means  the 
carbon  is  dissolved,  or  set  in  motion,  the  effect  must  be  in  all  cases  the  same.  If  ore  is  very 
porous,  it  will  absorb  much  carbon,  and  form  a  black  or  brownish-black  mass,  which  is  more 
refractory  than  pure  ore,  and  which  melts  only  in  the  high  heat  of  the  crucible.  This  condition 
of  the  ore  in  the  furnace  has  been  proved  by  actual  experiments.  In  drawing  out  the  contents  of 
a  furnace,  when  in  the  best  condition  for  smelting,  the  ore  was  found  to  be  in  this  state.  Under 
these  circumstances,  iron  is  smelted  with  the  smallest  amount  of  fuel,  grey  iron  follows  with  the 
greatest  facility,  and  good  quality  can  be  depended  on.  This  mode  of  smelting  can  be  practi^i  •<! 
only  on  porous  ores,  bog  ores,  hematites,  soft  red  oxides,  and  roasted  ores.  It  requires  a  large  space 
above  the  boshes  in  order  to  saturate  the  ore  with  carbon,  and  flat  boshes  to  concentrate  the  heat 
below  them  and  in  the  centre  of  the  furnace ;  it  also  requires  a  highly-charred  fuel,  which  is  free 
from  hydrogen.  It  has  been  observed  that,  when  it  is  desirable  to  smelt  grey  iron,  raw  fuel  or 
imperfectly-charred  fuel  does  not  facilitate  the  operation.  On  the  contrary,  raw  fuel  leads  to  the 
formation  of  white  iron.  Grey  iron,  of  course,  is  smelted  by  raw  bituminous  coal,  and  also  by 
,wood  ;  but  we  speak  here  only  of  ordinary  circumstances,  in  which  the  fact  is  as  we  state.  If  the 
medium  in  which  the  carbon  is  dissolved  ia  indifferent  in  respect  to  the  formation  of  grey  iron, 
carburetted  hydrogen  ought  to  be  particularly  suitable  for  the  formation  of  it.  But  this  is  not  the 
case.  Fuel  which  contains  hydrogen  forms,  at  best,  an  impure  iron ;  and  if  grey,  it  contains  but 
little  carbon.  Carburetted  hydrogen  certainly  deposits  more  carbon  in  the  ore  than  can  by  any 
other  means  be  accomplished  ;  but  hydrogen  reduces  many  substances,  such  as  silex  or  lime,  which 
are  not  reduced  by  carbon  except  under  peculiar  circumstances.  When  hydrogen  penetrates  oxide 
of  iron  at  a  low  temperature,  it  forms  a  powder  of  metallic  iron,  which  does  not  so  readily  combine 
with  carbon  as  a  powder  of  oxide  of  iron  exposed  to  the  same  degree  of  heat.  We  discern  thua 
very  readily  the  means  by  which  grey  cast  iron,  of  good  quality,  can  be  formed. 

In  these  remarks  we  have  alluded  to  one  extreme — that  is,  the  formation  of  grey  iron  from 
porous  ore ;  we  shall  now  examine  the  other,  or  the  formation  of  white  iron  from  compact  ore. 
The  best  material  to  serve  as  an  illustration  is  a  silicate  of  iron.  When  forge-cinder  is  charged  to 
a  blast  furnace,  it  cannot  absorb  carbon  in  its  pores  :  for  it  is  compact,  and  not  accessible  to  any 
gas,  so  far  as  its  interior  is  concerned.  This  substance  will  move  unaltered  in  the  furnace,  to  a 
point  where  the  heat  is  strong  enough  to  melt  it.  Here  it  is  converted  into  a  fluid  cinder,  or  slag, 
and  trickles  down  through  the  hot  coals ;  these  absorb  oxygen  from  iron  and  other  metals,  and  if 
the  height  of  the  column  of  hot  coals  is  sufficient,  all  the  iron  may  be  reduced  before  the  fluid  slag 
arrives  at  the  tuyeres.  No  carbon  can  be  absorbed  by  the  iron  in  this  case ,  for  it  forms  large 
globules,  and  is  not  in  a  condition,  or  not  in  so  close  contact  with  the  metal  as  to  combine  with  it. 
The  fluidity  of  the  metal  is  in  this  case  most  generally  produced  by  substances  which  are  nearest 
to  the  iron ;  and  as  these  are  phosphates,  sulphates,,  and  silex,  their  respective  bases  will  combine 
with  the  metal,  which,  when  once  fluid,  does  not  absorb  carbon,  but  rapidly  descends  into  the 
hearth.  In  this  case  we  perceive  that  a  certain  height  of  a  column  of  hot  coal  is  required  to 
reduce  the  oxide ;  if  that  column  is  too  low,  the  iron  arrives,  in  the  form  of  oxide,  at  the  tuyere, 
and  cannot  be  converted  into  metal  but  by  the  presence  of  grey  iron  in  the  pool  of  the  crucible, 
the  carbon  of  which  will  reduce  the  oxide  which  may  be  in  the  slag.  The  height  of  the  column 
of  hot  coal  required  will  depend  on  the  nature  of  the  ore.  If  it  is  a  very  fusible  silicate,  such  as 
forge-cinder,  a  considerable  height  is  necessary,  because  it  will  descend  rapidly  and  escape  the 
action  of  carbon. 

In  thus  analyzing  the  operation  of  a  blast  furnace,  we  see  that,  in  the  one  case  a  very  low 
column  of  heat,  and  in  the  other  a  very  high  one,  is  required.  Between  these  two  extremes  we 
find  the  proper  height.  Very  porous  bog  ores  containing  phosphorus,  smelt  in  a  narrow,  almost 
cylindrical  hearth,  5  feet  in  height ;  a  red  heat  is  hardly  perceived  at  the  boshes.  Forge-cinder, 
by  itself,  requires  at  least  a  column  of  25  or  30  feet  in  height  of  a  red  heat ;  and  thus  high  the 
crucible  ought  to  be,  in  order  to  obtain  the  necessary  intensity  of  heat.  This  shows  very  clearly 
the  principle  involved  in  the  construction  of  a  furnace-hearth  and  the  boshes.  Where  the  latter 
commence,  there  the  smelting  of  the  ore  begins,  and  not  elsewhere.  But  as  this  rule  would  cause 
the  crucible  to  be  very  high  for  refractory  ores,  it  and  the  boshes  form  one  general  slope,  which 
may  be  very  high,  as  the  ore  requires  no  preparation  in  the  upper  parts  of  the  furnace,  and  only 
the  fuel  is  to  be  freed  from  moisture. 

These  principles  are  not  confined  to  the  kind  of  ore ;  fuel  exerts  more  or  less  influence  on  the 
height  «is  well  as  dimensions  of  a  furnace.  Hard,  dry  fuel,  such  as  anthracite,  requires  little 
preparation  in  the  furnace,  and  low  stacks  will  work  with  it  profitably.  Coke  requires  more 
preparation,  and  charcoal  most ;  and  as  a  high  furnace  has  a  tendency  to  draw  the  heat  up,  it  is 
found  necessary  to  reduce  the  height  of  a  charcoal  furnace,  in  order  to  save  fuel,  by  reducing  the 
column  of  heat,  and  consequently  radiation  of  heat.  In  the  difference  of  the  height  of  heat  in 
furnaces,  or  in  the  radiation,  which  is  the  necessary  consequence,  may  be  found  the  chief  cause  of 
the  great  difference  in  the  consumption  of  fuel.  This  accounts  for  the  fact  that  charcoal  furnaces 
which  smelt  mild,  fusible  bog  ores,  will  produce  a  ton  of  iron  with  less  than  a  ton  of  coal, 
when  anthracite  furnaces  use  from  1*6  to  2  tons  and  more,  and  coke  furnaces  do  not  work  with 
less  than  2  tons  of  coke,  which  is  equal  to  3  or  4  tons  of  coal,  for  smelting  the  same  amount  of 
metal. 

Hot  Blast. — The  application  of  hot  blast  at  blast  furnaces  is  general ;  with  few  exceptions  at 
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charcoal  furnaces,  it  is  done  everywhere.  In  Figs.  G99  and  700  we  have  represented  the  apparatus 
as  it  is  most  commonly  constructed,  which  may  be  considered  as  its  best  form.  In  some  instances 
the  hot-blast  stove  is  placed  near  the  tuyeres,  as  shown  in  Fig.  701 ;  and  each  tuyere  has  its  own 


699. 


Btove,  A  A  A,  which  enables  the  founder  to 
heat  the  blast  for  one  tuyere  more  than  for 
the  other,  as  its  condition  may  require. 
At  large  furnaces  it  frequently  happens 
that  one  tuyere  does  not  work  so  hot  as 
the  other,  and,  in  order  to  remedy  the  evil, 
more  heat  is  applied  at  the  cold  one. 

In  general,  one  apparatus  is  placed 
conveniently  near  to  all  the  tuyeres,  and 
this  heats  the  blast  for  all  of  them,  however 
many  there  may  be.  In  this  case  the  most 
convenient  position  is  behind  the  furnace, 
somewhat  elevated  above  the  tuyeres,  as 
shown  in  Fig.  702.  The  hot-blast  pipes 
are  then  above  the  heads  of  the  workmen, 
and  easily  accessible  for  repairs. 

These  cases  refer  to  the  method  of 
heating  the  blast  with  separate  fuel,  winch 
is  not  often  practised.  The  most  common 
mode  is  to  heat  it  at  the  top  of  the  furnace, 
or  at  some  distance  below  it,  even  as  low 
as  represented  in  the  last  engraving.  Ihe 
first  instance  has  been  represented, 
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The  waste  heat  to 

't|  niAvOn  ry  • 

the  »tovc  provided 
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furnace,  or  grate,  for  burning  coal  or  wood.  This  precaution  is  taken  to  provide  heat  by  extra 
fuel,  in  case  the  waste  heat  from  the  furnace  is  not  sufficient  to  heat  the  blast  to  the  degree 
required.  This  does  not  happen  at  anthracite  or  coke  furnaces,  but  is  confined  to  charcoal  ovens.  ' 

At  some  furnaces  we  find  the  hot-air  pipes  enclosed  in  wrappings,  which  consist  of  articles 
which  are  bad  conductors  of  heat ;  at  others,  the  pipes  are  walled  in,  in  the  rough  masonry 
of  the  stack.  Whatever  be  the  mode  of  conducting  blast,  the  pipes  ought  to  be  spacious,  for 
the  increased  volume  of  the  hot  air,  compared  with  it  when  cold,  causes  much  loss  of  power,  or 
pressure,  if  the  pipes  are  too  narrow. 

Effect  of  Hot  Blast. — The  apparently  singular  effect  of  hot  air  in  a  smelting  furnace  is  chiefly 
of  a  chemical  nature.  The  heat  introduced  by  the  hot  air  amounts  at  best  to  A,  and  in  most 
instances  only  to  -^  of  that  generated ;  and  still  a  considerable  amount  of  fuel  is  saved  by  it, 
which  at  charcoal  furnaces  amounts  to  -J,  at  coke  furnaces  to  \,  and  at  anthracite  furnaces  to 
nearly  |  of  that  used  by  cold  blast.  The  immediate  advantages  are,  the  quantity  of  heat  intro- 
duced, in  case  that  is  derived  from  waste  heat,  a  small  increase  of  temperature,  and  a  fluid  cinder, 
by  which  flux  is  saved.  The  latter  effect  is  in  consequence  of  the  absence  of  the  chilling  effect  of 
cold  air,  and  a  more  intimate  union  of  the  ingredients.  The  essential  effect  of  hot  blast  consists 
in  its  facilitating  the  union  of  carbon  and  the  oxygen  of  the  blast,  by  which  means  carbonic  oxide 
is  more  readily  formed,  in  which  gas  carburetted  iron  may  descend  without  loss  of  carbon.  Cold 
blast  will  produce  a  larger  atmosphere  of  carbonic  acid  around  the  tuyere  than  hot  blast,  and  this 
gas  will  not  only  absorb  carbon,  but  oxidize  silicon  and  iron.  As  the  influence  of  hot  blast  on  ore 
is  of  such  a  nature  as  to  facilitate  the  revival  of  metals,  many  other  substances  besides  iron  ore  are 
reduced,  and  form  an  alloy  with  the  metal.  To  these  foreign  substances  belong  particularly  those 
which  are  in  close  contact  with  the  particles  of  iron,  such  as  phosphorus,  sulphur,  and  silex ; 
calcium  is  often  reduced  from  the  limestone  used  as  flux,  when  the  blast  is  heated  beyond  a  reason- 
able temperature.  By  experience  it  has  been  found  that,  for  charcoal,  a  heat  beyond  300°,  for 
coke  400°,  and  for  anthracite  500°,  is  of  not  much  advantage. 

The  quality  of  iron  smelted  by  hot  blast  must  naturally  be  inclined  to  grey  iron,  because  all 
the  oxygen  and  other  gases  being  perfectly  saturated  with  carbon,  there  is  no  opportunity  for  the 
ore  to  escape  being  carbonized.  But  it  has  been  observed,  and  must  naturally  be  expected,  that 
hot-blast  iron  is  more  impure  than  cold-blast  iron.  It  contains,  particularly,  more  of  the  basis  of 
silex,  because  this  substance  is  everywhere  associated  with  iron  ore,  and  is  subject  to  reduction  by 
carbon  at  a  high  heat  in  the  presence  of  iron,  and  in  the  absence  of  carbonic  acid.  The  quality  of 
the  metal  is,  therefore,  eminently  suited  for  use  in  the  foundry.  It  is,  on  account  of  the  amount 
of  its  impurities  and  the  metallic  form  in  which  they  are  present,  very  fluid,  and  remains  so  a  long 
time,  which  is  the  cause  of  its  forming  grey,  tempered  castings.  Whatever  may  be  the  opinion 
and  experience  of  some  engineers,  there  cannot  be  any  doubt  that  cold-blast  iron  with  the  same 
amount  of  carbon  as  hot-blast  iron,  and  cast  into  dry  moulds,  is  stronger  than  hot-blast  iron, 
smelted  from  the  same  kind  of  ore.  Hot-blast  iron  forms  a  superior  foundry  iron  for  small 
castings,  but  it  is  weak  in  large  castings ,  the  cause  of  which  is  obvious.  The  mixture  of  carbon, 
impurities,  and  iron,  which  causes  ts  fluidity,  makes  it  also  a  bad  conductor  of  heat ;  it  will  not 
cool  so  quickly  as  strong  and  pure  iron,  and  consequently  it  is  not  so  liable  to  crystallization.  This 
iron  may  be,  therefore,  a  superior  foundry  iron  for  small  castings ;  but  it  must  be  always  inferior 
to  cold-blast  for  heavy  ones,  and  particularly  for  the  forge. 

The  large  quantity  of  heat  lost  at  the  top  of  a  blast  furnace  has  been  the  cause  of  frequent 
speculations  to  devise  some  plan  for  its  use  since  the  earliest  adoption  of  these  furnaces.  It  has 
of  late  led  to  a  great  deal  of  controversy,  and  occasioned  much  examination  of  the  nature  of  these 
gases,  as  well  as  of  those  in  the  interior  of  the  furnace.  The  subject  is  so  far  settled  at  present, 
that  it  is  found  injurious  to  abstract  gases  lower  down  from  the  top  than  where  they  consist  chiefly 
of  carbonic  acid,  vapours  of  water,  a  little  carbonic  oxide  and  nitrogen,  and  some  other  substances  ; 
in  fact,  these  gases  are  not  abstracted  until  they  cease  to  be  useful  in  the  furnace.  We  may  tap 
gases  from  the  furnace  lower  down  in  the  stack ;  but  they  are  not  of  more  use  than  those  near  the 
top.  and  such  an  operation  is  more  or  less  injurious  to  the  working  of  the  ores.  When  these  gases 
are  abstracted  at  a  height  where  they  cease  to  be  useful,  we  may  term  them  waste  heat ;  but  if  we 
tap  lower  down  they  cease  to  be  waste  heat ;  for  the  highly  carbonized  combustible  gases  are 
essential  to  the  good  effects  of  the  furnace,  as  must  be  evident  from  our  preceding  remarks. 

At  a  variable  height,  8  ft.  on  an  average  below  the  top  in  charcoal  furnaces,  8  or  10  ft.  in 
anthracite  furnaces,  and  12  or  16  ft.  in  coke  furnaces,  the  gases  are  of  the  same,  or  similar  compo- 
sition. They  consist  here  chiefly  of  carbonic  acid,  nitrogen  and  steam,  and  some  carbonic  oxide. 
It  is  a  mere  matter  of  convenience,  so  far  as  regards  the  furnace,  at  what  precise  spot  we  abstract 
the  gas.  Below  these  various  heights  it  changes  suddenly  in  its  composition.  It  is  composed 
chiefly  of  carbonic  oxide,  some  hydrogen,  nitrogen,  and  moisture.  These  are  substances  which  are 
essential  to  the  reduction  of  the  ore,  and  which  ought  not  to  be  removed. 

We  have  already  shown  the  mode  of  abstracting  the  waste  heat  from  the  furnace.  The  most 
common  method  is  by  means  of  a  cast-iron  cylinder  of  5  to  8  ft.  in  length,  as  shown  Fig.  703  and 
in  other  drawings.  The  depth  to  which  a  cylinder  is  lowered  has  no  effect  upon  the  amount  of 
heat  obtained ;  this  is  regulated  by  the  distance  to  which  the  heat  is  to  be  conducted.  A  long 
or  deep  cylinder  affords  more  pressure ;  consequently  the  gas  may  be  conducted  farther  from  it. 
When  steam-boilers,  or  a  hot-blast  stove,  are  at  the  top  of  a  furnace,  the  insertion  of  a  cylinder  is 
not  necessary ;  in  fact,  it  is  of  no  advantage  in  any  case,  for  sufficient  heat  is  given  out  at  the  top 
in  all  instances  to  heat  steam-boilers  and  hot-blast  stoves.  In  this  case  the  arrangement  is  such 
as  is  shown  in  Fig.  704.  A  chimney  at  the  end  of  the  boilers,  or  at  the  top  of  the  stove,  produces 
the  necessary  draught.  A  plain  cast-iron  plate  with  a  narrower  mouth  than  that  of  the  brick 
below,  affords  a  chamber  on  the  top  of  the  fuel.  When  desired,  this  aperture  in  the  iron  plate 
may  be  covered  by  a  door  which  is  occasionally  removed  for  charging  fresh  ore  and  coal.  This 
plan  works  well  enough  in  small  charcoal  furnaces  •,  but  at  large  furnaces,  with  a  wide  mouth,  and 
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whose  boilers  require  a  large  quantity  of  heat,  the  effects  are  not  certain.    If  any  objection  exists 
to  the  application  of  an  iron  cylinder,  which  may  be  the  case  when  the  top  work? 
arrangement  such  as  is  represented  in  Fig.  705  is  equally  effective.    It  is  particularly  employ^ 


104. 


m. 


and  useful  for  burning  lime,  or  heating  blast.  Over  the  mouth  of  the  furnace  a  chimney  is  erected, 
provided  with  a  damper  on  its  top.  Some  iron  doors,  which  are  opened  by  pushing  the  wheel- 
barrow against  them,  and  shut  themselves  when  it  is  withdrawn,  afford  access  to  the  interior  for 
charging.  By  these  means  all  the  heat  at  the  top  is  saved,  and  may  be  conducted  to  any  place 
where  it  will  be  useful. 

The  amount  of  waste  heat  at  a  blast  furnace  is  very  large,  but  even  when  tnppod  low  in  the 
stack  and  burned  with  the  addition  of  fresli  atmospheric  air,  its  temperature  is  so  low  that  it  cannot 
be  employed  to  advantage  for  melting,  puddling,  or  welding  iron.  At  the  top  it  produce*  a  high 
red  heat,  and  at  anthracite  or  coke  furnaces  a  white  heat,  well  adapted  for  generating  steam, 
heating  blast,  burning  lime  or  bricks,  and  similar  purposes.  In  conclusion,  we  insert  some  tables, 
which  will  be  found  useful  for  reference,  explaining  many  things  which  could  not  be  referred  to 
in  this  short  exposition. 

Charcoal  Furnace. — At  a  charcoal  furnace  the  following  persons  are  employed :— one  founder, 
two  firemen,  two  fillers,  one  gutter-man,  one  coal-drawer,  a  bank  hand,  and  a  hone,  cart,  and 
driver,  and  if  there  is  a  stamping-mill,  or  battery,  a  hand  to  attend  to  it.  This  is  the  smallest 
number  of  hands  necessary  to  manage  a  furnace ;  generally  there  is  twice  that  number.  When 
ore  is  to  be  broken  or  roasted,  flux  to  be  broken,  and  similar  work  to  be  done,  an  additional  number 
of  hands  is  required.  There  are  charcoal  furnaces  which  consume  250  bushels  of  coal  to  a  too  of 
iron  ;  200  bushels  is  an  average  in  the  Western  States  of  America,  In  Western  New  York,  tome 
furnaces  smelt  a  ton  of  iron,  from  magnetic  ore,  to  150  bushels  of  coal ;  and  in  the  St.  Lawrence 
district,  where  specular  ore  and  red  hematites  are  chiefly  smelted,  as  low  as  100  bushels  of  coal  are 
used  to  the  ton  of  iron.  A  stack  in  that  region,  which  operates  well,  is  about  30  or  83  ft.  high ; 
7  or  8  ft.  boshes,  with  a  cylindrical  part,  2  ft.  high,  above  the  boshes ;  mouth,  81  in.,  and  from  that 
to  36  in.  (when  an  iron  cylinder  is  used  it  is  of  the  same  size) ;  width  of  hearth  between  the 
tuyeres,  22  in.,  and  32  in.  at  the  top ;  height  of  hearth,  5}  ft. ;  tuyeres,  22  in.  above  the  bottom ; 
the  in-wall  a  curve,  as  shown  Fig.  677,  C ;  such  a  furnace  smelts  from  5  to  8  tons  a  day. 

The  Siscoe  furnace,  on  Lake  Champlain,  working  magnetic  ore,  is  44 '75  ft.  high;  13  ft.  boshes; 
2  ft.  10  in.  hearth,  across  the  tuyere;  hearth,  38  in.  high:  slope  of  boshes,  64°,  with  a  cylindrical 
part  above  the  slope  of  3J  ft.  high ;  mouth,  4  ft.  3  in.  wide.  This  furnace  use*  about  1GO  bushels 
of  coal  to  a  ton  of  iron ;  its  erection  has  cost  about  30,000  dollars,  exclusive  of  eight  kilns  for 
charring  wood,  which  cost  an  additional  sum  of  10,000  dollars. 

Anthracite  Furnaces. — The  form  and  dimensions  of  these  vary  exceedingly.  They  are  not  oflm 
above  33  ft.  high ;  from  10  to  18  ft.  boshes ;  3J  ft.  to  5J  ft.  across  the  tuyeres ;  hearth,  from  8  to 
5  ft.  in  height,  generally  much  battered  ;  boshes,  from  50°  to  70° ;  top,  5  ft.  to  9  ft.  in  width.  A 
small  anthracite  furnace  produces  from  80  to  120  tons  of  iron,  large  furnace*  from  180  to  200  tout, 
per  week. 

Coke  Furnaces. — These  are  generally  50  ft.  high,  and  as  wide  at  the  base ;  boshes.  15  ft. ;  slop*. 
65°  to  70° ;  hearth,  across  the  tuyere,  4  ft. ;  nt  top,  5  ft. ;  height  of  hearth,  6  ft.,  and  tuyere  show 
bottom  stone,  2  ft.  The  cost  of  erection  is  equal  to  that  of  an  anthracite  furnace ;  iron  made  per 
week  is  80  to  100  tons,  using  2  tons  of  coke  to  1  ton  of  iron. 

The  coal  charges  at  furnaces  are  always  of  the  same  measure— about  15  bushels,  raoro        •  *• 
The  weight  of  ore  is  regulated  according  to  the  capacity  of  the  coal  for  (.ini-lting.    The  nnrnh 
charges  in  a  certain  time,  say  twelve  hours,  varies  from  12  to  30,  according  to  the  quantity  of 
injected  into  the  furnace. 

The  number  of  blast  furnaces  in  the  United  States  may  be  estimate  at  1 
100  are  anthracite  furnaces,  8  bituminous  coal  furnaces,  and  a  similar  number  which  use  « 
others  are  charcoal  furnaces. 
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Description  of  the  Blast  Furnaces  at  Iron  Works  at  Grosmont,  by  Hiram  C.  Coulthard,  of  Black- 
burn. Taken  from  the  '  Proceedings  Inst.  M.  J'J.'—  In  the  Cleveland  iron  district,  where  the  Groamont 
Iron  Works  are  situated,  there  were,  in  1863,  63  blast  furnaces  in  full  operation,  17  furnaces 
not  in  operation,  standing  for  repairs  or  other  causes,  and  11  furnaces  in  various  stages  of 
progress. 

Grosmont,  near  the  706. 

const  of  Yorkshire,  is 
situated  about  seven 
miles  from  the  port  of 
Whitby,  20  miles  from 
the  Durham  coalfield, 
mill  about  the  same 
distance  from  the  lime 
district  of  Pickering, 
whence  the  supply  of 
lime  is  derived.  Fig. 
706  is  a  general  plan 
of  the  entire  works, 
which  are  adjacent  to 
the  main  line  of  rail- 
way from  Whitby  to 
Castleton,  joining  the 
North  Yorkshire  and 
Cleveland  Railway, 
and  thus  in  connection 
with  the  Newcastle  and 
Durham  coal  and  coke  districts.  A  siding  from  the  main  line  runs  into  the  works. 

These  blast  furnaces  are  constructed  on  a  very  efficient  and  economical  plan.  Each  furnace  ia 
capable  of  producing  250  tons  of  pig-iron  a  week,  allowing  for  stoppage  on  Sundays.  Fig.  707 


Reference. — S  L,  Steam  Lift.  C  K,  Calcining  Kilns.  R  R,  Railway. 
B,  Boilers.  E,  Engines.  B  M,  Blast  Mains.  G  M,  Gas  Main.  F  F,  Fur- 
naces. H  B  S,  Hot  Blast  Stoves.  C,  Chimney. 


707. 


708. 


is  a  vertical  section  of  one  furnace,  and  Fig.  708  shows  an  enlarged  vertical  section  of  the  top  and 
bottom  of  the  furnace.  Figs.  709  to  713  are  transverse  sections  of  the  furnace  at  the  tuyeres,  tap- 
ping-hole, and  hearth,  and  through  the  body  of  the  furnace. 

Each  furnace  measures  18  ft.  diameter  at  the  boshes,  and  a  total  height  of  63  ft.  from  ground- 
line  to  level  of  charging-floor.  The  foundations  were  dug  out  to  a  depth  of  about  9  ft.,  to  rock  on 
one  side,  and  hard  blue  clay  on  the  other,  the  ground  sloping  in  the  direction  of  the  dip  of  the 
rock.  The  stone  foundations,  both  for  the  hearth  and  casing  of  the  furnace,  are  shown  in  the  ver- 
tical sections,  Figs.  707,  708,  and  consist  of  ring-courses  of  masonry  built  on  concrete,  about  26  ft. 
diameter,  each  course  being  bound  by  a  wrought-iron  ring,  5  in.  wide  and  |  in.  thick,  Fig.  708.  In 
the  interior  of  the  uppermost  ring-course  is  built  the  fire-brick  hearth  A,  Fig,  708 ;  the  blocks  of 
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which  this  is  formed  are  shown  in  plan  nnd  vertical  section  in  Figs.  711  71 

set  in  ground  fire-clay  m  a  moist  state,  special  care  being  taken  to  sWure  a  peec 

mass  as  the  whole  of  the  superstructure  of  the  furnace  and  its  content,,  when  in 

weighing  about  1200  tons,  rest  upon  this  foundation.    On  the  top  course  of  masonry  tho  founda 


709. 


710. 


714. 


tion-plates  of  cast  iron,  3  ft.  6  in.  square  and  4  in.  thick,  are  bedded  in  fire-clay  to  which  are  bolted 
the  cast-iron  columns  B  B,  Fig.  708,  17  in.  diameter,  for  carrying  the  superstructure  The* 
columns  are  united  at  the  top  by  a  cast-iron  ring  or  cornice  C,  in  segments  3J  in.  thick,  each  •ce- 
ment having  a  semicircular  snug  cast  on  its  under-side,  which,  when  the  work  ia  joined  together 
fits  into  the  top  of  the  column  B,  thus  binding  the  whole  of  the  segments  into  one  ring 
Y  The  entire  lining  of  the  furnace  inside  is  of  refractory  fire-brick,  D,  Fig.  708;  the  furnace  U 
cylindrical  on  the  outside  and  entirely  cased  with  wrought-iron  plates  E,  f  in.  thick  at  the  bottom 
of  the  furnace,  and  towards  the  top  of  the  furnace  diminished  in  thickness  to  -A  in.  This  canine 
•weighs  about  30  tons  and  costs  about  400^.,  and  is  now  being  generally  used  in  the  place of  the  "iftmiTfi 
stack  of  masonry  formerly  used.  There  are  ten  cast-iron  pillars  B  for  carrying  the  superstructure, 
placed  at  a  distance  of  7  ft.  apart,  except  where  the  tapping-hole  is  situated,  where  the  distance  is 
increased  to  10  ft.,  as  seen  in  Fig.  709.  Brackets  are  cast  on  these  pillars,  Fig.  708,  for  the  purpose 
of  carrying  the  circular  pipes  that  convey  the  blast  and  water 
round  the  furnaces  for  distribution  to  the  various  tuyeres.  There 
are  five  tuyeres  to  each  furnace,  one  of  which  is  shown  in  longi- 
tudinal section  in  Fig.  714. 

Fig.  713  shows  a  transverse  section  of  furnace  at  X  X. 

At  the  top  of  the  furnace  a  wrought-iron  plate-cornice  F  is 
fixed,  Fig.  708,  forming  the  charging-floor ;  and  the  two  furnaces 
are  connected  by  means  of  two  longitudinal  wrought-iron  girders 

4  ft.  and  3  ft.  deep  respectively,  the  larger  one  prepared  to  receive 
the  wrought-iron  beams  that  form  the  roadway  of  the  incline  up 
which  the  materials  for  smelting  are  drawn  by  means  of  a  pair 
of  fixed  horizontal  engines.     These  girders  are  united  by  nine 
intermediate  cross-girders  of  wrought  iron,  and,  when  covered  with 
plates,  form  the  roadway  of  the  charging-floor,  having  a  screen 
3  ft.  6  in.  high  running  round  for  protection. 

The  throat  of  the  furnace,  Fig.  708,  is  adapted  for  taking  off 
the  waste  gas,  which  is  collected  in  a  wrought-iron  tube  G,  5  ft. 
diameter,  which  extends  down  the  throat  of  the  furnace  about 

5  ft.,  and  is  lined  inside  and  cased  outside  with  refractory  fire- 
brick 6  in.  in  thickness.     This  tube  is  fixed  to  and  supported  by 
a  crown  or  dome,  built  in  the  throat  of  the  furnace,  of  specially 
moulded  lumps  of  fire-clay,  supported  by  six  buttresses  built  of 
the  same  material.     The  crown  has  six  openings  formed  at  the 
sides  for  charging  purposes,  and  one  opening  in  the  centre,  through 
which  the  gas  passes  into  the  tube  G.    There  is  the  usual  brick  chi 


i  of  the  furnace, 

with  wrought-iron  swing-doors  corresponding  with  the  openings  in  the  crown.    The  gas  U  con- 
veyed from  the  furnace-top  to  the  boilers  and  hot-blast  stoves  by  a  wrought-iron  tul>o  5  ft.  *'<  in. 
diameter,  large  enough  to  take  off  the  gas  from  two  additional  furnaces ;  and  square  1- 
Fig.  706,  are  fixed  at  intervals  along  the  tube  to  allow  for  expansion.    A  Univalve,  I,  Fig.  70X, 
opening  outwards  for  cleaning  purposes,  is  fixed  at  the  end  of  the  tube  ovrr  the  furnace. 

Figs.  715,  716,  show  a  vertical  section  and  sectional  plan  of  one  of  the  hot-blast  store*.    Thro* 
of  these  are  built  to  each  furnace,  of  common  brick  made  on  the  estate,  lin<-d  with  refractory  fire- 
brick, and  externally  bound  firmly  together  by  wrought-iron  hoojw  4  in.  wide  and  »  in.  thick, 
placed  at  intervals  of  3  ft.    The  stoves  are  heated  by  the  gas  being  admitted  nt  tin-  t<>|>.  J,  and  a 
small  fire  is  kept  on  the  grate  at  the  bottom  for  the  purjx.sc  of  ni.-urini:  tlmt  the  pw  u  always 
ignited.     Four  flues,  K  K,  Fig.  716,  pass  away  from  the  bottom  of  the  stovts  t<>  tin-  main  «-liiiiui<-y- 
flue  L,  Fig.  715,  which  ia  in  connection  with  the  chimney-stack,  Fig.  706,  of  180  ft-ct  hc-ight     A 
simple  disc-valve  J  is  fixed  at  the  top  of  the  stove  where  the  gas  enters,  to  cut  «>tr  tin-  Mppty  <>f 
gas  from  the  stove  at  any  time.     The  pipes  M,  through  which  the  blast  passe*,  consist  of  t«-n  f*ir« 
to  each  stove,  12  in.  diameter,  each  pair  being  arched  at  tin-  top  and  united  at  the  bottom  by  con 
necting  foot-boxes,  thus  forming  one  continuous  course  of  pi|M-«  fur  the  blast  to  pass  along. 
blast  enters  on  one  side  of  the  oven,  and,  after  circulating  through  the  pines  M,  pasae*  out  at  tl 
other  side  into  the  main  pipe  N  for  the  service  of  the  tuyeres,  as  shown  by  the  arrow*.    A  • 
valve  O  serves  to  cut  off  the  communication  of  each  stove  with  the  blast-main,  which  i» 
diameter,  and  thus  forms  also  the  blast  reservoir.  The  temperature  of  the  blast  is  from  6C 
Fahr.,  and  the  quantity  blown  by  each  engine  ia  6000  cub.  ft.  per  minute,  at  a  pressure  of  3  Ib*.  per 
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square  inch.  These  hot-blast  stoves  have  been  found  most  effective ;  from  the  enlarged  capacity  of 
the  pipes,  the  blast  is  much  longer  in  passing  through  them,  and  consequently  they  are  not  required 
to  be  kept  at  such  a  destructive  heat. 


715. 


716. 


The  blast  is  supplied  by  three  direct-acting 
high  -  pressure  engines,  quick  -  moving,  having 
air-cylinders  57J  in.  diameter,  with  a  stroke  of 
3  ft.  Two  engines  are  sufficient  for  the  work  of 
two  furnaces,  a  third  one  being  provided  in  case 
of  emergency.  The  reason  for  separate  engines 
being  used  is  that  in  the  case  of  an  accident  to 
the  blowing-engine,  when  only  one  engine  is 
used,  the  whole  of  the  furnaces  are  thrown  idle.  Moreover,  the  cost  of  machinery  for  two  furnaces 
is  much  less  in  these  engines,  taking  into  consideration  the  expensive  nature  of  the  stonework,  and 
so  on,  required  for  the  foundation  of  one  large  beam-engine.  The  only  foundation  required  for 
these  engines  is  about  3  ft.  depth  of  brickwork,  with  a  framework  of  timber  on  which  to  bolt  the 
foundation-plates. 

The  engine-house  is  of  brickt  the  roof  is  formed  by  the  water-tank,  which  contains  the  water- 
supply  for  the  tuyeres,  pig-beds,  and  so  on.  In  the  engine-house  is  fixed  a  travelling  crane,  for 
the  convenience  of  examining  any  portion  of  the  engines ;  this  is  found  a  most  useful  appendage. 
The  boilers  are  five  in  number,  each  73  ft.  long  by  5  ft.  diameter,  of  the  plain  egg-ended  form, 
heated  by  the  waste  gas  from  the  blast  furnaces.  They  are  suspended  by  means  of  cast-iron 
bridges  from  the  top  of  the  boiler  seats,  and  are  fed  by  three  donkey-engines,  all  connected  to  one 
pipe  over  the  boilers.  The  steam  pressure  is  60  Ibs.  a  square  inch  above  the  atmosphere. 

A  steam  lift  is  fixed  in  the  works  in  the  position  shown  S  L,  Fig.  706,  for  the  purpose  of 
raising  the  minerals  from  the  line  of  railway  to  the  top  of  the  calcining  kilns. 

Description  of  a  Method  of  Taking  off  the  Waste  Gases  from  Blast  Furnaces,  by  Charles  Cochrane. — 
In  the  '  Proceedings  of  the  Inst.  of  M.  E.'  for  1860,  Cochrane  observes,  there  is  no  novelty  in  the 
fact  of  taking  off  the  waste  gases  from  a  blast  furnace ;  for  many  methods  have  been  and  are  at 
present  employed  for  accomplishing  this  object.  Though  Cochrane  was  unaware  of  any  similar 
method,  he  does  not  desire  to  claim  originality  in  that  about  to  be  described ;  but  as  there  is  such 
acknowledged  diversity  of  opinion  as  to  the  respective  merits  of  different  plans,  and  great  diffi- 
culty in  procuring  reliable  information  on  any,  it  is  proposed  to  give  a  description  of  an  arrangement 
which  has  been  in  successful  operation  for  some  time  at  the  Ormesby  Iron  Works,  Middlesborough. 
The  large  waste  of  fuel  from  the  mouth  of  a  blast  furnace  where  the  escaping  gases  are  allowed  to 
burn  away  is  well  known,  and  amounts  to  more  than  50  per  cent,  of  the  fuel  burnt ;  hence  there 
is  considerable  margin  for  economy,  bearing  in  mind  the  large  quantity  of  coals  consumed  in 
raising  steam  for  generating  the  blast  and  the  further  quantity  necessary  to  heat  that  blast  to  the 
required  temperature.  In  fact,  assuming  a  consumption  of  300  tons  of  coke  a  week  to  make  200 
tons  of  iron,  about  100  tons  of  coal  would  be  required  to  generate  steam  and  heat  the  blast. 
Taking  off  the  gases  from  one  furnace  under  such  conditions  does,  according  to  actual  experiment, 
furnish  gas  equivalent  to  upwards  of  150  tons  of  coal  a  week.  This  is  obviously  an  important 
matter  where  coals  are  expensive. 

The  blast  furnace  is  alternately  charged  with  coke,  ironstone,  and  limestone,  in  proportions 
depending  upon  the  quality  or  "number"  of  iron  desired.  The  arrangement  of  these  materials  in 
the  furnace  is  generally  deemed  important,  though  it  admits  of  considerable  latitude  without  any 
appreciable  alteration  in  the  working  of  the  furnace.  Thus  it  does  not  seem  to  be  of  any  import- 
ance whether  the  charge  of  coke  be  12  cwt.  or  24  cwt.,  the  amount  of  load  of  ironstone  and 
limestone  being  in  the  same  proportion  of  1  to  2.  The  chief  point,  if  there  be  one,  to  be  gained  in 
the  arrangement  of  the  material  is,  to  distribute  it  pretty  equally  over  the  furnace,  not  allowing 
all  the  large  material  to  roll  outwards,  and  the  small  to  occupy  the  centre  of  the  furnace,  or  vice 
versa :  for  it  is  supposed  the  ascending  gases  will  pass  through  the  more  open  material  of  the 
furnace  to  the  injury  of  the  closer ;  thus  the  two  reach  the  active  region  of  reduction  in  different 
states  of  preparation,  and  the  operations  of  the  furnace  are  interfered  with.  To  provide  for  this 
contingency,  which  is  met  in  an  open-topped  furnace  by  filling  at  the  sides  at  three,  four,  or  even 
six  points  of  the  circumference  of  the  throat,  allowing  the  material  to  slide  inwards  2  or  3  ft.  on  a 
sloping  plate,  it  was  considered  expedient  in  the  present  instance  to  make  the  filling  aperture  as 
large  as  practicable :  it  was  therefore  made  6  ft.  6  in.  diameter,  as  shown  in  Fig.  717,  so  that  the 
material  tends  to  arrange  itself  in  a  circle  a  little  outside  the  centre,  thus  correcting  the  tendency 
of  large  material  to  roll  outwards  by  causing  a  similar  tendency  to  roll  towards  the  centre  also. 


BLAST  FURNACE. 


353 


This  point  is  gained  by  one  of  the  simplest  methods  in  use  for  closing  the  top  of  a  blast  furnac*. 
where  a  cone  is  used  to  lower  into  the  furnace  for  filling;  but  it  i*  secured  at  the  expense  of 
the  height  of  material  in  the  furnace.  A  certain  height  is  necessary  for  the  efficient  working  of  the 


furnace,  and  if  this  be  diminished  it  must  be  at  the  expense  of  fuel  in  the  furnace,  aince  the 
absorption  of  heat  from  the  gases  depends  on  the  height  of  material  through  which  they  hare  to 
pass  up :  if  this  be  diminished,  the  gases  issuing  from  the  throat  of  the  furnace  will  escape  at  a 
higher  temperature  ;  if  increased,  at  a  lower. 

But  there  is  an  important  difference  to  consider  in  the  conditions  of  a  closed  and  an  open- 
topped  furnace,  to  which  Cochrane  is  not  aware  that  attention  has  hitherto  been  drawn;  a 
difference  which  acts  somewhat  in  favour  of  the  open-topped  furnace.  The  working  of  the  fumacea 
themselves  seems  to  show  that  an  open-topped  furnace  is  less  sensitive  to  irregularities  of  moiature 
in  the  material,  quantity  of  limestone,  size  of  material,  and  so  on,  which  can  be  accounted  for  only 
by  the  fact  that  the  open-topped  furnace  has  the  advantage  of  a  large  amount  of  surplus  heat,  du« 
to  the  combustion  of  the  waste  gases  at  its  throat,  which  serves  to  dispel  moisture  and  calcine  tho 
limestone,  and  helps  to  warm  up  the  large  pieces  of  ironstone :  all  of  which  operations  in  the  cloae- 
topped  furnace  are  effected  only  at  a  lower  point  of  the  furnace,  thus  necessitating  a  larger  con- 
sumption of  coke.  With  the  same  proportion  of  ironstone  to  limestone,  it  has  been  found  to  require 
about  10  per  cent,  more  fuel  to  produce  the  same  number  or  quality  of  iron  in  a  close-topped  than 
in  an  open-topped  furnace.  In  the  close-topped  furnaces  the  gases  pass  away  at  a  temperature 
of  about  450°  Fahr. ;  whilst  in  the  open-topped  a  temperature  of  between  1000°  and  2000°  ia 
generated  in  the  throat  of  the  furnace  by  their  combustion. 

In  comparing  the  extra  quantity  of  coke  consumed  in  a  close-topped  blast  furnace  with  the 
saving  in  coals  for  the  boilers  and  hot-blast  stoves,  it  is  obvious  that  the  economy  to  be  derived 
by  taking  the  gases  off  depends  on  the  comparative  value  of  coke  and  coal.  In  the  Middle*- 
borough  district,  where  coal  is  expensive,  it  is  an  undoubted  source  of  economy ;  where  coke  ia  very 
dear,  however,  and  small  coal  can  be  obtained  at  a  mere  nominal  cost  for  boiler  and  ttove  purpoaoa, 
the  use  of  the  waste 

gases    would    pos-  718. 

sibly  do  little  more 
than  compensate  for 
the  outlay  involved. 
Here,  no  doubt,  is 
one  source  of  the 
variety  of  opinion 
entertained  in  va- 
rious districts  as  to 
the  advantage  of 
taking  off  the  gas. 
Cochrane's  experi- 
ence at  Middles- 
borough  has  been, 
that  the  waste  gases 
can  be  taken  off 
without  affecting 
the  quality  of  the 
iron  produced, 
though  at  the  ex- 
pense of  more  fuel. 

The  mode  of  closing  the  furnace-top  and  taking -off  the  pasea  at  the  writer  t 
Fig.  717.     The  top  of  the  furnace  is  closed  by  a  light  circular  wrought-iron  valve  A, 
diameter,  with  sides  tapering  slightly  outwards  from  below,  as  ahown  enlarged 
of  being  easily  drawn  up  through  the  materials,  which  are  tipped  at  each  cl 
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space  B.  To  prevent  excessive  wear  upon  the  body  of  the  valve,  shield-plates  a.re  attached  at  four 
points  of  its  circumference,  against  which  the  material  strikes  as  it  rolls  out  of  the  barrows.  An 
annular  chamber  C  encircles  the  throat,  triangular  in  section,  into  which  the  gas  pours  through  the 
eight  orifices  D  D  from  the  interior  of  the  furnace,  and  thence  passes  along  the  rectangular  tube  E 
into  the  chamber  F.  At  the  extremity  of  the  tube  E  is  placed  an  ordinary  flap-valve  opened  by  a 
chain,  by  means  of  which  the  communication  between  the  furnace  and  the  descending  gas-main  Q 
may  be  closed.  The  valve  A  is  partially  counterpoised  by  the  balance-weight  at  the  other  ex- 
tremity of  the  lever  H,  and  is  opened  by  a  winch  I  when  the  space  B  is  sufficiently  full  of  materials. 
At  the  time  when  the  blast  is  shut  off  for  tapping  the  furnace,  the  gas  escapes  direct  into  the  atmo^ 
sphere  through  the  ventilating  tube  K,  which  is  connected  by  leversL  witli  the  blast  inlet- valve  below 


through  the  three  tubes  P,  and  can  be  regulated  at  pleasure  by  the  circular  slide  closing  the  ends 
of  the  tubes,  which  has  an  aperture  corresponding  to  each  tube,  and  is  planed  on  the  rubbing-face, 
as  is  also  the  surface  against  which  it  works,  in  order  that  the  slide  may  be  sufficiently  air-tight 
when  closed.  The  ignition  takes  place  where  the  air  and  gas  meet,  the  ignited  gas  streaming  into 
the  stove  and  diffusing  its  heat  uniformly  over  the  interior.  An  important  element  in  the  working 
of  an  apparatus  of  this  description  is  to  provide  for  explosions,  which  must  take  place  if  a  mixture 
of  gas  and  air  in  certain  proportions  is  ignited.  To  provide  for  this  contingency,  escape-valves  R 
are  placed  at  the  ends  and  along  the  tops  of  the  main  tubes  G  and  M ;  but  to  prevent  explosions  as 
far  as  possible,  the  ventilating  tube  K,  Fig.  717,  is  used  at  the  top  of  the  furnace,  connected  with 
the  blast-valve  at  the  bottom,  so  that  when  the  valve  is  closed,  as  at  casting  time,  the  act  of  closing 
opens  the  ventilating  tube,  and  allows  the  gas  to  pass  away  direct  into  the  atmosphere.  The  gas 
would  otherwise  be  in  danger  of  slowly  mixing  with  air  passing  back  through  the  stoves  or  other- 
wise gaining  access  into  the  tubes,  and  would  thus  give  rise  to  an  explosion.  Until  the  ventilating 
tube  was  provided,  it  was  necessary  to  lift  the  valve  A  closing  the  mouth  of  the  furnace  when  the 
blast  was  taken  off,  otherwise  slight  explosions  took  place  from  time  to  time. 

In  the  use  of  Durham  cokes  in  the  blast  furnace,  an  inconvenience  arises  from  the  large  deposit 
which  takes  place  in  the  passage  of  the  gas  from  the  furnace  and  in  the  stoves  and  boilers.  Under 
the  boilers  this  deposit  is  a  great  objection,  as  it  is  a  very  bad  conductor  of  heat,  and  needs  to  be 
frequently  removed :  in  the  stoves  it  is  not  so  objectionable,  though  these  need  a  periodical 
cleansing.  The  deposit  does  not  arise  altogether  from  the  cokes,  it  ia  true ;  and  it  may  be  inte- 
resting to  know  its  composition,  which  is  as  follows : — 

Silica 18-86 

Carbon        16-14 

Alumina 13-87 

Sulphate  of  lime       13-61 

Lime ll'Ol 

Protoxide  of  zinc       10-31 

Peroxide  of  iron        9'01 

Protoxide  of  manganese 2-56 

Potash         2-13 

Protoxide  of  iron       1'25 

Magnesia , 1*25 

Chloride  of  sodium 0-60 

100-60 
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At  a  temperature  of  upwards  of  3000°  this  mixture  melts  in  a  yellowwh  ding,  dispelling  the 
zinc;  but  there  are  no  signs  of  fusion  at  the  temperature  produced  by  the  ignition  "f  tli«>  gas  in 
the  stoves,  which  must  roughly  approximate  to  that  of  melting  iron,  from  the  results  of  a  few  experi- 
ments made  to  ascertain  this  point :  though  thin  pieces  of  cast  iron  were  not  fairly  melted  down, 
they  reached  the  rotten  temperature,  which  is  only  a  few  degrees  below  melting,  and  gaye  farther 
signs  of  nearly  melting  by  throwing  off  sparks  when  quickly  withdrawn  from  the  stove*  «pd  struck 
smartly  against  another  object. 

C.  Cochrane  says,  that  he  has  heard  it  asserted  that  the  closing  of  the  top  of  the  furnace  U  the 
source  of  mischief  to  its  working  by  producing  a  back-pressure  in  it.  Under  ordinary  circum- 
stances, with  the  furnace-top  open,  the  blast  enters  the  tuyeres  at  a  pressure  ranging  from  2}  to 
3  Ibs.  a  square  in.  In  the  present  close-topped  furnace  there  are  eight  outlot-orificesD,  Fi. 
each  2  ft.  by  1  ft.,  giving  a  total  area  of  16  sq.  ft.  for  the  passage  of  between  5000  and  6000  cub.  ft. 
of  gas  per  minute,  raised  to  a  temperature  of  450°  Fahr. ;  and  the  actual  back-pressure  of  the 
gas,  as  measured  by  a  water-gauge  inserted  into  the  closed  top  of  furnace,  is  from  $  to  |  in.  column 
of  water,  or  about  -Jjjth  or  -Jjjth  of  a  Ib.  the  sq.  in.,  an  amount  so  trivial  as  compared  witli  u 
pressure  of  from  2£  to  3 Ibs.  as  to  be  unworthy  of  notice.  Of  course,  if  the  tubes  are  eontracUii  in 
size,  a  greater  back-pressure  will  be  produced ;  and  it  is  quite  possible  that  where  attention  has  not 
been  paid  to  the  circumstance,  the  back-pressure  may  have  interfered  with  the  working  of  the  fur- 
nace by  preventing  the  blast  entering  so  freely. 

As  regards  economy  in  the  wear  and  tear  of  hot-blast  stoves  of  the  ordinary  construction,  there 
can  be  no  question  the  pipes  last  much  longer  when  heated  by  gas,  provided  the  temperature  of  the 
etove  be  carefully  watched  to  prevent  its  rising  too  high ;  whilst  the  value  of  the  same  heating-surface 
compared  with  its  value  when  coals  are  used  is  greatly  increased,  owing  to  the  uniform  distribution 
of  the  ignited  gases  throughout  the  stove.  In  the  use  of  the  gases  at  Cochrane's  works,  this  economy 
of  surface  is  such  that  two  stoves  heated  by  gas  will  do  the  work  of  a  little  more  than  three  heated 
by  coal  fires. 

On  the  Working  and  Capacity  of  Blast  Furnaces,  in  the  'Proceedings  of  the  Inst.  M.  E.'  (1864), 
C.  Cochrane  further  observes,— referring  to  Fig.  722,  which  shows  the  original  construction  of 
closed -top  and  lifting -valve  for 
charging,  the  materials  for  the 
charges  being  filled  into  the  ex- 
terior space  B  surrounding  the 
charging-valve  A,  which  is  drawn 
up  into  the  position  shown  by  the 
dotted  lines  for  allowing  the  ma- 
terials to  fall  into  the  furnace  ; 
while  the  gas  is  taken  off  from 
the  furnace-top  by  the  passage  E, 
— that  the  usual  plan  of  closed- 
top  adopted  in  blast  furnaces  is 
that  represented  in  Fig.  723,  in 
which  it  will  be  seen  that  the 
materials  are  filled  in  against  a 
lowering  -  cone  C,  placed  in  the 
throat  of  the  furnace,  which  on 
being  lowered  into  the  position 
shown  dotted,  permits  their  fall 
into  the  furnace.  The  tendency 
of  the  material  in  this  case  is  to 
roll  outwards  from  the  charging- 
cone  to  the  side  of  the  furnace, 
and  thence  back  again  to  the 
centre,  as  shown  in  the  drawing. 

It  was  thought  at  the  time  of 
adopting  the  plan  shown  in  Fig. 
722,  that  the  height  of  the  mate- 
rials  carried  by  the  same  furnace 
would  be  increased,  and  that  a 
corresponding  economy  in  con- 
sumption of  fuel  would  result, 
owing  to  the  circumstance  that 
where  the  plan  shown  in  Fig.  723 

is  adopted,  the  level  of  the  mate-  ^^___ 

rials  must  always  be  maintained 

at  a  certain  distance  below  the  top,  to  ensure  the  fall  of  the  cone  C  at  charging  1 
shown  in  Fig.  722  was  devised  with  due  regard,  as  it  was  thought,  to  the  I 
materials  in  the  furnace;  and  it  was  intended  that  they  should  arrange  themselves.- 
the  dotted  line  in  that  drawing,  part  of  the  larger  material  rolling  to  the  outsi 


AS  long  ns  tne  lurnnce  couiu  i«?  n.cj»*  «*/  »•***  «-  :iv»,_,i, 

by  the  dotted  line  in  Fig.  722,  there  was  no  reason  that  it  should  not  work 
pi-actical  result  was  that  it  was  found  impossible  tokeep  the  furnace  Bufflcientlyf. 
the  distribution  of  the  materials  in  the  manner  intended     The  level  of  the  s 
was  generally  below  that  intended,  the  consequence  of  which  was  that  the  maten 
the  furnace  was  shot  into  the  centre,  from  whence  the  largest  pieces  rolled  outward-,  ai 
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whole  charge  arranged  itself  na  shown  by  the  full  line  in  Fig.  722.  The  result  of  this  was 
irregular  working  of  the  furnace  over  a  period  of  many  months,  during  which  an  explanation  of 
the  irregularity  was  in  vain  sought  for.  At  one  time  it  was  thought  the  back-pressure  of  the 
escaping  gas  had  something  to  do  with  the  irregularity;  at  another  the  cause  was  sought  for 
in  the  difficulty  of  keeping  the  hopper- valve  A  of  the  furnace  tight,  and  the  necessity  for  using 
small  material  around  the  valve,  as  a  kind  of  lute  between  every  charge,  to  prevent  the  escape  of 
the  gas ;  until  it  occurred  to  C.  Cochrano  that  the  arrangement  of  the  materials  in  the  furnace 
was  the 'sole  explanation  of  the  difficulty,  and  that  as  all  the  material  was  shot  into  the  centre  of 
the  furnace,  the  small  pieces  would  remain  there,  whilst  the  large  would  roll  to  the  outside. 
Believing  that  it  was  of  great  importance,  in  order  to  secure  uniform  results,  that  there  should  be 
a  uniform  distribution  of  the  heated  gas  from  the  hearth  over  the  entire  horizontal  area  of  the 
furnace  at  each  stage  of  its  height,  he  considered  that  the  effect  of  any  small  material  being 
collected  in  any  portion  of  the  area  would  be  to  obstruct  the  passage  of  the  gas  at  that  part,  and 
so  prevent  that  portion  of  the  material  from  being  heated  to  its  proper  degree  of  temperature. 

Deeming  this  to  be  the  explanation  of  the  irregularities  experienced  in  the  working  of  the 
furnace,  Cochrane  devised  a  method  of  distributing  the  material  so  as  to  prevent  such  a  result,  by 
the  introduction  of  a  frustum  of  a  cone  D,  Fig.  724,  suspended  inside  the  throat  of  the  furnace, 
which  was  found  to  be  all  that  was 
necessary.  The  materials  then 
arranged  themselves  in  the  desired 
manner,  as  shown  in  Fig.  724;  and 
the  result  has  since  been  a  perfect 
uniformity  in  the  working  of  the 
furnace.  Where  previously  a  yield 
of  foundry  iron  from  the  same  furnace 
could  not  be  relied  upon  for  more  than  ' 
about  24  hours  at  a  time,  and  the 
annoyance  was  incurred  of  the  fur- 
nace suddenly  changing  to  white 
iron,  the  production  of  white  iron, 
except  when  desired,  is  now  unknown. 
A  consideration  of  these  facts  will 
lead  to  a  fair  estimate  of  the  import- 
ance of  the  arrangement  of  the  ma- 
terials in  a  blast  furnace.  Anything 
that  opposes  the  free  passage  of  the 
ascending  heated  gas  at  any  part  of  the  furnace  must  direct  the  gas  into  another  channel,  and  the 
material  thus  left  insufficiently  acted  upon  finds  its  way  into  the  hearth  at  a  low  temperature,  and 
white  iron  is  the  result. 

The  effect  produced  on  the  distribution  of  material  by  this  internal  frustum  of  a  cone  is 
obviously  similar  to  that  of  the  ordinary  lowering-cone  when  lowered,  shown  in  Fig.  723 ;  and  the 
latter  has  now  consequently  been  finally  adopted  at  the  Ormesby  Iron  Works  as  the  permanent 
form  of  the  arrangement,  and  is  now  being  carried  out  there. 

The  most  perfect  action  of  a  blast  furnace  C.  Cochrane  conceives  to  consist  in  the  development 
of  the  highest  temperature  needed  for  the  production  of  the  required  quality  of  iron,  in  a  layer  or 
stratum  as  little  removed  from  the  tuyeres  as  possible ;  and  the  gradual  absorption  of  the  heat 
from  the  ascending  gas  by  the  materials  through  which  it  passes,  until  it  leaves  the  throat  of  the 
furnace  at  the  lowest  possible  temperature.  Anything  which  tends  to  cause  a  more  perfect 
absorption  of  the  heat  developed  in  the  hearth,  or  to  lower  the  level  of  the  region  of  highest 
temperature  in  the  furnace,  will  thus  be  beneficial. 

With  regard  to  the  absorption  of  the  heat  from  the  gas,  it  is  obvious  that  the  hotter  the 
temperature  at  which  the  gas  escapes,  the  more  wasteful  must  be  the  effect;  and  theoretically 
the  height  of  a  furnace  should  be  increased  until  the  temperature  of  the  escaping  gas  is  reduced 
to  that  of  the  materials  on  their  introduction  into  the  furnace-top.  This  is  the  theoretical  limit  to 
the  height  of  a  blast  furnace :  but  it  must  not  be  forgotten  that  the  less  the  difference  in  tempe- 
rature between  two  bodies,  the  less  rapid  is  the  communication  of  heat  from  the  hotter  to  the 
cooler ;  hence  for  the  absorption  of  the  last  few  degrees  of  temperature  from  the  ascending  gas  a 
much  greater  height  of  material  is  necessary  than  where  the  gas  and  the  material  differ  more 
widely  in  temperature.  Already  with  50  to  60  ft.  height  of  blast  furnace  in  the  Middlesborough 
district  the  temperature  of  the  escaping  gas  does  not  exceed  500°  to  600°  Fahr. ;  and  it  is  a 
question  to  be  answered  only  bj  experiment,  how  far  the  gain  from  the  heights  of  70  to  75  ft. 
already  accomplished  at  Middlesborough,  and  further  heights  of  10  or  20  ft.  additional  that  are 
contemplated,  will  compensate  for  the  extra  work  in  raising  the  materials  to  the  additional  height 
and  for  the  more  substantial  plant  required.  In  the  direction  of  height  there  is  unquestionably 
on  this  account  a  limit  which  will  speedily  be  attained ;  supposing  the  limit  be  not  previously 
determined  by  the  necessity  for  increased  pressure  of  blast  and  by  the  increased  difficulty  in 
working  the  furnaces. 

Taking  off  the  Waste  Gas  from  Open-topped  Blast  Furnaces,  by  George  Addcnbrooke. — We  take  the 
succeeding  account  of  this  method  from  the  '  Proceedings  Inst.  M.  E.' : — Writing  in  1865,  Adden- 
brooke  observes  that  the  utilization  of  the  waste  gas  from  blast  furnaces  has  now  become  not  only  an 
accomplished  fact,  but  a  great  commercial  success,  and  consequently  an  important  part  of  furnace 
management.  This  gas,  or  rather  mixture  of  gases,  issues  in  large  quantities  from  all  the  inter- 
stices between  the  last  charge  of  materials  in  the  furnace-throat ;  and  it  passes  off  with  such 
rapidity  as  to  prevent  a  sufficient  mixture  of  air  taking  place  to  render  it  inflammable  until  it  has 
risen  to  some  little  height  above  the  top  of  the  materials  in  the  furnace-mouth.  As  soon,  however, 
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as  this  mixture  of  air  takes  place,  a  very  considerable  portion  of  the  gas  is  consumed  in  the 
case  of  the  ordinary  open-topped  furnaces  that  do  not  utilize  the  waate  gas.  This  combustion 
develops  a  great  amount  of  heat ;  and  the  question  therefore  arises,  how  can  the  waste  gas  be 
made  further  useful,  without  in  any  way  injuring  the  yield,  tho  working  of  the  furnace,  or  the 
quality  of  the  iron  made;  for  if  any  injury  were  occasioned  in  either  of  the  above  respect*  by 
taking  off  the  waste  gas,  the  utilization  of  the  gas  ought  certainly  not  to  be  attempted.  It  w 
evident  that  there  must  always  be  an  escape  of  surplus  gas  from  the  top  of  tl.  in  tho 

furnace-throat,  from  the  consideration  that  the  heat  in  the  lower  part  of  the  furnace  distiU  off 
the  gas  from  the  fuel  in  the  upper  part;  and  this  gas,  not  meeting  with  a  supply  of  oxygen 
inside  the  furnace,  passes  up  unconsuined  to  the  furnace-mouth,  where,  upon  mixing  with  tho 
external  air,  it  burns  away  to  waste,  unless  taken  off  previously  in  order  to  be  usefully  burnt 
elsewhere. 

The  utilization  of  the  waste  gas  has  been  extensively  carried  out  in  two  different  modes,  each 
capable  of  being  applied  and  worked  in  several,  different  ways.  The  one  mode  is  known  as  the 
Close-top  system,  and  the  other  as  the  Open-top  system. 

Addenbrooke  was  of  opinion  that  the  waste  gas  ought  to  bo  utilized  for  tho  following  reasons, 
namely,  that  a  furnace  would  work  to  better  yield  where  the  gas  was  utilized,  and  with  greater 
regularity  as  to  the  quality  of  iron  made ;  and  that  there  would  be  a  very  considerable  saving  in 
repairs  to  hot-blast  stoves  and  boilers  by  heating  these  with  the  waste  gas,  together  with  greater 
regularity  in  the  heat  and  pressure  of  the  blast,  because  of  a  more  even  temperature  being 
maintained  under  the  boilers  and  in  the  stoves ;  while  there  would  also  be  a  considerable  saving 
in  wages,  and  the  men  would  be  made  more  regular  in  charging  the  furnace. 

The  principle  upon  which  the  waste  gas  is  taken  off  in  the  case  of  the  close-topped  furnaces  is 
that,  by  keeping  the  furnace-top  closed,  the  gas  must  necessarily  pass  away  through  any  openings 
which  are  made  for  its  escape,  and  may  thus  be  made  to  travel  even  to  a  distance  of  more  than  a 
quarter  of  a  mile  from  the  furnace,  as  is  done  at  the  Dowlais  Iron  Works.  In  the  open-topj>ed 
furnaces  the  idea  is  that,  after  the  gas  has  done  very  nearly  all  its  work  in  the  furnace,  on 
arriving  within  about  5  ft.  of  the  top  of  the  materials  in  the  furnace-mouth  the  greater  part  can 
be  drawn  off  from  the  furnace  by  applying  a  mild  suction,  and  employed  to  advantage  for  heating 
purposes  elsewhere ;  at  the  same  time,  as  no  considerable  amount  of  force  is  used  for  drawing  off 
the  gas,  either  by  the  suction  of  a  chimney  or  otherwise,  all  surplus  gas  generated  in  the  ftinmeo 
beyond  the  amount  drawn  off  escapes  at  the  open  top  of  the  furnace,  by  pasuing  up  through  an 
average  of  3J  ft.  depth  of  charged  materials  above  the  point  of  taking  off  the  gas. 

The  open-topped  plans  of  taking  off  the  waste  gas  may  here  be  divided  into  two  classes : — 
those  taking  off  the  gas  at  a  less  depth  than  5  ft.  below  the  top  of  the  materials  in  the  furnace- 
throat  ;  and  those  taking  it  off  below  that  level.  In  the  former  the  gas  is  taken  off  with  duo 
regard  to  the  effect  on  the  yield  and  working  of  the  furnace ;  while  in  the  latter  the  utilization  of 
the  gas  is  made  the  chief  object. 

In  order  to  carry  out  the  utilization  of  the  gas  without  risk  of  interfering  with  the  successful 
working  of  the  furnace,  it  is  of  very  great  consequence  not  to  take  off  the  whole  of  the  gas,  but  to 
leave  a  certain  portion  always  to  escape  at  the  furnace-mouth,  so  that  it  may  continue  the  process 
of  preparing  the  newly-charged  materials,  and  begin  to  dry  and  warm  them  immediately  upon 
their  being  charged,  and  also  prevent  any  downward  current  of  air  taking  place  from'  tho  furnaoo- 
itop.  Such  a  downward  current  of  air  must  necessarily  take  place  frequently,  where  the  whi-le  •>( 
the  gas  is  drawn  off;  as  the  chimney-power  requisite  for  this  purpose  would  be  quite  sufficient  to 
draw  down  the  air  through  the  average  depth  of  3J  ft.  of  materials  in  the  furnace-throat  above 
the  gas-openings,  at  any  tune  when  there  was  not  an  ample  supply  of  gaa  to  be  drawn  off.  The 
result  would  then  be  that  where  the  ascending  gas  and  the  descending  air  nirt  in  tin-  furnace  a 
bright  flame  would  be  produced,  which  taking  place  amongst  the  fuel  must  occasion  a  very  serious 
loss,  by  causing  combustion  of  the  fuel  before  it  reaches  tho  part  of  the  fnnmce  where  its  com- 
bustion is  useful;  and  it  appears  doubtful  whether  fuel  thus  once  lighted  would  not  continue 
smouldering  the  whole  of  the  way  down  in  the  furnace.  On  the  other  hand,  if  tin-  fn.  1  i>  \>T«]»  rly 
covered  in  the  upper  part  of  tho  furnace  by  a  sufficient  depth  of  materials,  so  as  to  be  protected 
from  the  air,  Addenbrooke  doubts  whether  it  will  begin  to  burn  till  it  reaches  the  lone  of  fusion, 
where  it  then  changes  from  a  mere  highly-heated  state  to  one  of  active  combustion  caused  by  tho 
presence  of  air  supplied  from  the  tuyeres.  He  believes  that  in  the  fact  of  covering  up  tin-  fuel, 
without  ignition  being  allowed  to  take  place,  lies  one  of  tho  chief  sources  of  saying  u 
the  fuel;  and  he  considers  that  it  is  this  alone,  in  the  close-topped  funmre,  \\lii.  li  t«>  n  very  great 
extent  makes  up  for  the  loss  of  yield  of  fuel  that  must  inevitably  result  from  the  UBC  of  the  close- 
topped  system  with  its  consequent  back-pressure.  This  saving,  however,  is  more  than  counter- 
balanced by  the  fact  that  neither  drying  nor  warming  nor  any  other  preparation  "f  tho  materials 
can  be  carried  on  in  the  close-topped  furnace  except  by  the  heat  of  the  gaa  coming  up  lr»m  U  ]..». 

Were  it  not  for  the  back-pressure  produced  in  the  furnace  by  a  closed  top,  thia  *ynU»m  *MM 
doubtless  work  to  a  much  better  yield  than  the  open  top  ;  but  tho  entire  pr<  v,  nti<-n  by  the  BlpMd 
top  of  any  drying  or  warming  of  the  materials  taking  place  until  they  have  descended  • 
distance  within  the  furnace  is  a  serious  objection,  in  G.  Addenbrooke's  opinion,  to  the  close-toppe 
plan ;  whilst,  on  the  other  hand,  in  a  well-worked  open-topped  furnace  tho  preparation  d 
materials  begins  at  once  upon  their  being  charged.    Moreover,  there  is  no  way  of  so  K 
the  driving  of  a  furnace  or  rate  of  descent  of  the  materials  in  tin-  interior  n*  that  in  every  boor  U 
furnace  shall  take  the  same  quantity  of  blast ;  but  whenever  the  etcam-prewiuro  happen 
above  the  average,  causing  the  engine  to  force  more  blast  into  tho  furnace,  or  *li«  nev< 
materials  happen  to  lie  more  open  in  the  furnace,  or  to  be  drier,  an  increauod  driving  of  tl 
will  be  occasioned,  which  will  give  an  increased  production  of  gas  to  pass  off  from  the  fi 
this  larger  quantity  of  gas  has  in  the  close-topped  furnace  to  pass  off  through  tho  •»»•  Oj 
which  previously  carried  off  a  smaller  quantity,  the  result  must  be  an  increase  of 
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pressure  in  the  furnace ;  whereas  with  nn  open  top  the  surplus  gas  readily  escapes  at  the  mouth 
of  the  furnace,  without  producing  any  back-pressure  inside  the  furnace.  Another  objection  to  the 
closed  top  ia  that  the  pressure  coming  from  the  lower  part  of  the  furnace  will  carry  off  with  it 
from  the  furnace  more  dust  than  would  be  drawn  off  by  suction. 

The  requirement  in  the  utilization  of  the  blast  furnace  waste  gas  appears  therefore  to  bo  an 
open  top  where  the  fuel  can  be  buried  or  covered,  without  its  being  ignited  to  any  material  extent 
either  by  the  escaping  gas,  or,  worse  still,  by  the  gas  being  drawn  off  so  completely  from  the  fur- 
nace-throat that  air  is  drawn  down  also  through  the  materials,  causing  a  hidden  fire  to  be  raging 
beneath  the  surface  of  the  materials  while  everything  seems  to  be  going  on  well.  •  Addenbrooke 
states  that  he  has  frequently  seen  the  gas  drawn  off  so  completely  that  a  man  could  walk  inside 
the  mouth  of  a  large  furnace  while  the  blast  was  on ;  but  experience  shows  that  such  a  state  of 
the  furnace-top  is  altogether  wrong,  and  if  ever  it  occurs,  the  main  gas- valve  ought  at  once  to  be 
closed  sufficiently  to  ensure  some  gaa  passing  off  at  the  furnace-top,  in  order  to  begin  the  prepara- 
tion of  the  materials  and  prevent  any  downward  current  of  air. 

The  level  at  which  the  gaa  ia  taken  off  from  the  furnace  is  a  most  important  point,  as  in  effect 
the  working,  height  of  the  furnace  nearly  terminates  at  the  level  where  the  gas  is  taken  off.  The 
most  satisfactory  working  that  Addenbrooke  has  known  of  a  blast  furnace  has  been  where 
the  gas  was  partially  and  not  wholly  taken  off,  and  at  a  depth  of  4  ft.  6  in.  below  the  top  of  the 
materials.  In  one  case  that  came  under  his  experience,  one  of  Darby's  bells  was  used  very  suc- 
cessfully for  a  considerable  time,  taking  off  the  gas  at  a  depth  of  4  ft.  6  in.  below  the  top ;  but 
when  it  became  necessary  to  change  it,  the  new  bell  was  inserted  to  a  depth  of  5  ft.  6  in.,  in  order 
to  give  the  fillers  a  little  more  range  of  level.  This  was,  however,  found  to  work  so  much  less 
satisfactorily,  that  it  was  altered  back  again  to  the  original  depth  of  4  ft.  6  in. 

The  very  great  sensitiveness  of  a  furnace  to  the  least  lowering  of  its  working  height  is  undoubt 
edly  the  cause  of  more  than  one-half  of  the  mottled  and  white  iron  that  is  made  where  grey  forge 
or  forge-iron  was  expected.  The  change  is  usually  caused  by  delay  in  filling,  most  frequently  at 
night,  when  the  men  often  neglect  their  work,  and  allow  the  furnace  to  drive,  so  that  the  surface 
of  the  materials  is  lowered  a  considerable  distance ;  and  the  effect  is  then  observed  about  three 
casts  later  by  the  production  of  mottled  or  white  iron.  The  worst  consequence  of  this  neglect  is  that 
the  furnace  manager  then  finding  white  iron  made,  probably  alters  the  burden  at  once  in  order  to 
correct  the  fault ;  and,  after  charging  it  up  to  the  next  casting  time  with  either  less  ore  or  more 
fuel,  he  probably  finds  this  next  cast  all  right,  and  therefore  alters  the  burden  back  again ;  but  in 
another  cast  or  two  comes  the  iron  made  from  the  lighter  burden,  rather  too  grey  to  suit  the  pur- 
poses it  is  wanted  for.  With  a  closed  top  there  can  be  no  check  upon  irregularity  in  filling,  day  or 
night,  except  by  constantly  watching  the  filling.  But  in  an  open-topped  furnace,  where  the  gaa 
is  taken  off  through  openings  not  lower  than  5  ft.  below  the  top  of  the  materials,  if  the  filling 
were  delayed  more  than  half-an-hour,  the  greater  portion  of  the  gas  would  begin  to  escape  at  the 
furnace-mouth  instead  of  being  drawn  off  through  the  gas-openings,  as  the  surface  of  the  materials 
would  be  lowered  nearly  to  the  level  of  the  gas-openings.  The  fillers'  neglect  would  then  be 
detected  by  an  increased  flame  from  the  furnace-mouth,  and  by  the  supply  of  gas  to  the  boilers  and 
hot-blast  stoves  falling  short ;  and  they  would  be  recalled  to  their  duty  by  the  risk  of  all  coming 
to  a  standstill  from  stoppage  of  the  blowing  engine. 

This  great  sensitiveness  of  blast  furnaces  as  to  being  kept  charged  full  appears  to  suggest 
strongly  the  doubt  whether  the  Staffordshire  furnaces  are  now  as  high  as  the  fuel  would  allow  of 
their  being  worked  profitably ;  and  whether  a  gain  of  yield  would  not  be  found  to  result  from 
raising  the  furnaces.  The  present  height  of  from  40  to  50  ft.  in  Staffordshire  has  been  increased 
in  the  Cleveland  district  up  to  80  ft.  and  more,  and  it  is  considered  the  limit  of  height  has  not  yet 
been  arrived  at  in  that  district.  There  is  no  doubt  that  the  Staffordshire  fuel  would  not  stand 
any  very  considerable  increase  of  height,  on  account  of  its  friability ;  but  it  would  at  least  be 
desirable  to  ascertain  by  trial  whether  some  increase  of  height  would  not  be  beneficial. 

The  result  of  the  previous  inquiries  in  which  Addenbrooke  was  engaged  as  to  the  best  mode  of 
utilizing  the  waste  gas  from  blast  furnaces  was  the  adoption  of  the  open-topped  plan,  with  Darby's 
.  bell  inserted  in  the  neck  of  the  furnace  to  a  depth  of  4  ft.  6  in.  below  the  surface  of  the  materials. 
This  plan  was  applied  to  two  furnaces  at  Darlaston ;  and  in  carrying  it  out  the  special  points 
attended  to  were  to  provide  a  large  gas-main,  a  large  chimney,  and  large  flues  to  the  chimney. 
For  this  purpose  the  gas-mains  were  made  5  ft.  diameter,  the  chimney  10  ft.  diameter  inside 
throughout,  with  a  height  of  160  ft.,  and  the  main  flues  to  the  chimney  very  large,  5  ft.  high  to  the 
crown  of  the  arch  and  4  ft.  6  in.  wide ;  and  experience  has  shown  that  these  dimensions  are  none 
too  large. 

The  two  furnaces  continued  at  work  on  this  system  till  September,  1864,  when  the  heavy  cost 
of  repairs  and  renewals,  with  the  consequent  stoppages  and  loss  in  wages,  led  G.  Addenbrooke  to 
design  the  plan  which  is  shown  in  Figs.  725  to  731.  Fig.  725  is  an  outside  elevation  of  the  furnace 
to  which  this  system  is  applied.  Fig.  726  is  a  vertical  section  of  the  same  furnace,  showing  the  gas- 
openings  A  A  from  the  furnace  into  the  neck-flue  B,  and  the  gas  branch-pipe  with  stop-valve  0 
for  connecting  or  disconnecting  this  furnace  from  the  range  of  gas-main.  Fig.  727  is  a  sectional 
plan  of  the  furnace  taken  through  the  gas-openings  A  A  and  neck-flue  B.  Fig.  728  is  an  enlarged 
section  of  the  furnace-top ;  and  Figs.  729,  730,  731,  show  a  vertical  section,  outside  elevation, 
and  sectional  plan  of  one  of  the  segmental  boxes  or  gas-openings. 

These  gas-openings  or  boxes  are  made  of  cast  iron,  and  allows  of  the  openings  being  made  so 
wide  that  their  combined  area  of  passage  is  amply  sufficient  for  the  passage  of  the  gas,  without 
the  depth  of  the  opening  being  more  than  15  in. ;  in  consequence  of  which  they  do  not  require 
to  be  inserted  lower  than  about  5  ft.  down,  and  still  leave  a  fair  height  of  4  ft.  above  them  for 
variation  in  the  level  of  the  top  of  the  materials  charged.  The  boxes  are  cast  very  strong,  as  shown 
in  Figs.  729  to  731,  and  the  openings  through  them  are  made  at  such  a  slope  that  nothing  except 
very  light  dust  can  be  carried  through  them  by  the  gas  in  regular  working,  unless  it  be  a  bit  of 
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material  thrown  over  by  one  of  the  slight  explosions  that  occasionally  take  place  where  any  raw 
minerals  are  used  in  the  furnace.    The  boxes  are  placed  close  together  side  by  side,  BO  aa  to  form 
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a  continuous  ring  of  openings  round  the  furnace,  as  shown  in  the  plan,  Fig.  727,  having  the  lower 
end  of  the  slopes  opening  into  the  furnace  and  the  upper  end  opening  into  the  large  external 
gas-flue  B,  Fig.  728,  which  surrounds  the  neck  of  the  furnace.  These  castings  take  the  place  of 
so  many  courses  of  lining  bricks,  and  after  they  have  been  fixed,  the  lining  fire-bricks  are  con- 
tinued above  them  to  the 

top  of  the  furnace.  Consi-  '27. 

dering  their  strength  and 
situation,  the  castings  ap- 
pear likely  to  be  almost 
permanent.  As  they 
stand  flush  with  the  face 
of  the  lining,  the  whole 
area  of  the  throat  of  the 
furnace  is  left  free  for 
charging;  and  when  the 
furnace  is  full,  and  any 
portion  of  the  gas  passing 
off  at  the  surface  of  the 
materials,  no  damage  can 
be  done  to  the  openings 
or  any  part  of  the  gas 
apparatus.  In  case  of 
the  top  of  the  materials 
sinking  below  the  gas- 
openings,  any  damage  is 
prevented  by  shutting  the 
gas-valve  C  at  once,  when  the  whole  of  the  gas  will  be  burnt  at  the  mouth  of  the  furnace,  but 
without  injury  occurring  to  any  part  of  the  apparatus,  as  is  unavoidably  the  case  with  the  wrought- 
iron  gas-main  proceeding  from  a  bell  inserted  in  the  top  of  the  furnace. 

The  large  gas-flue  B  surrounding  the  neck  of  the  furnace  is  lined  with  fire-brick,  and  it  4  ft. 
3  in.  high  to  the  crown  of  the  arch,  by  3  ft.  mean  width.  The  outside  of  the  furnace  from  a  little 
below  the  bottom  of  the  flue  upwards  is  cased  with  wrought-iron  plates,  to  which  ia  fixed  a  li^ht 
iron  gallery  D  for  the  convenience  of  cleaning  out  the  flue  B.  A  series  of  opening!  EE  are  made 
in  the  outer  side  of  the  flue  all  round,  as  shown  in  the  plan,  Fig.  727,  which  are  cloned  by  pieces 
of  boiler-plate,  daubed  with  moistened  fire-clay,  and  held  in  their  places  bycro»bar»  and  wedgw; 
by  means  of  these  the  whole  of  the  neck-flue  can  be  cleaned  out  in  a  few  minutos  any  time 
that  the  blast  is  off  the  furnace.  The  bottom  of  the  flue  is  placed  at  a  lowor  lovfl  thnn  the  bottom 
edge  of  the  gas-openings  A  A,  Fig.  728,  in  order  that  the  dust  cnrrinl  HV.T  with  tho  pu  may  b* 
allowed  to  nconmulate  in  the  flue,  so  long  as  it  does  not  interfere  with  tho  gjui-ojwninps.  nnd  it  can 
be  easily  cleaned  out  when  required.  Experience  of  the  working  of  this  plan  of  fiirunr<-t'>p  pmrca 
that,  from  the  increased  area  of  the  gas-openings  as  compared  with  other  plan*,  the  pus  dot*  not 
pass  nearly  so  rapidly  out  of  the  furnace,  and,  consequently,  has  not  the  power  to  carry  nearly  ao 


360 


BLAST  FURNACE. 


much  dust  into  the  flue.  The  sectional  plan,  Fig.  727,  shows  that  there  are  fifteen  gas-openings 
A  A  round  the  neck  of  the  furnace,  23J  in.  wide  and  11 J  in.  high  on  the  square,  each  giving  270 
sq.  in.  clear  opening,  making  a  total  area  of  4050  sq.  in.  for  drawing  off  the  gas ;  whereas  the  single 
central  opening  of  the  bell  of -1  ft.  Gin.  diameter  previously  worked  in  the  same  furnace,  which  was 
as  large  a  size  as  could  be  conveniently  used,  gave  an  area  of  only  2290  sq.  in.  for  drawing  off  the  gas, 


728. 


or  only  56  per  cent,  of  the  area  now  obtained  with  the  present  neck-openings.  As  the  gas-openings 
give  a  total  area  of  4050  sq.  in.  for  the  passage  of  the  gas,  while  the  descending  gas-main  supplied 
by  them  being  4  ft.  6  in.  diameter  has  an  area  of  only  2290  sq.  in.,  the  velocity  of  the  current  of 
gas  through  the  openings  is  necessarily  only  half  what  it  would  be  where  a  bell  or  centre  opening 
is  used  for  drawing  off  the  gas,  as  in  the  latter  case  the  gas-opening  to  the  furnace  cannot  be  made 
of  larger  area  than  the  descending  gas-main  of  4  ft.  6  in.  diameter. 

Notwithstanding  the  temporary  kind  of  construction  that  was  adopted  for  trial  in  the  first  fur- 
nace, the  gas-openings  made  with  only  2-in.  cast-iron  plates  lasted  more  than  a  year,  and  stood 
some  of  the  severest  treatment  that  a  furnace-top  can  be  exposed  to,  in  consequence  of  a  sort  of 
fuel  being  tried  at  one  time  which  proved  a  total  failure,  and  with  which  the  furnace  was  unable 
to  drive  at  all ;  and  consequently  for  two  days  the  whole  throat  was  at  a  red  heat.  It  was  expected 
that  when  the  furnace  did  drive  below  where  the  openings  had  been,  they  would  be  found  to  have 
given  way.  They  had  not,  however,  completely  given  way  in  any  instance ;  and,  though  the  plates 
were  very  much  bent,  they  remained  at  work  a  great  part  of  a  year  afterwards.  Their  standing 
so  well  is  to  be  attributed  to  their  position,  in  the  outside  of  the  furnace  instead  of  in  the  centre ; 
and  also  to  the  effect  caused  by  closing  the  valve  on  the  top  of  the  descending  gas-main,  so  that 


729. 


730. 


731, 
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no  gas  or  flame  could  then  pass  outwards  through  the  openings,  as  there  was  no  longer  any  current 
to  draw  the  heat  through  the  openings.  Had  a  bell  been  at  work  in  the  centre  of  the  furnace-top 
in  this  instance,  the  only  way  to  save  it  would  have  been  to  disconnect  it  and  lift  it  out  entirely ; 
but  this  could  not  have  been  done  till  the  materials  in  the  furnace-throat  had  lowered  themselves 
below  the  mouth  of  the  bell. 
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As  the  gas-openings  are  now  cast,  as  shown  in  Figs.  729,  730,  731,  it  is  anticipated  they  will 
stand  for  many  years. 

Details  of  Blast  Furnaces. — Fig.  732  shows  plan  of  hearth  of  blast  furnace  at  Plnnouth  Iron 
Works.  Fig.  733,  plan  of  hearth  of  blast  furnace  at  Rhymney  Iron  Works.  Fig.  734,  horizontal 
section  through  hearth  at  level  of  tuyeres,  showing  tuyeres  and  pipes  in  position,  of  large  18  fL 
blast  furnace,  Dowlais  Iron  Works.  Fig.  735  represents  sectional  plan  of  hearth  of  cupola  furnace 
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Figs.  740, 741,  show  a  section  and  plan  of  a  cinder-fall,  in  which  is  fixed  a  wrought-iron  crane  C; 
a  cast-iron  plate  having  its  upper  edge  serrated  to  facilitate  the  removal  of  large  masses  of  cinder ; 
a  cast-iron  trough  A,  about  6  ft.  long,  to  convey  the  fluid  metal  from  the  tapping-hole  II,  to  the 
casting-bed  or  refinery  B,  B ;  two  troughs  a  a  are  fixed  on  the  cinder-bed,  for  guiding  the  fluid 
cinder  into  the  tubs  t. 

Various  plans  for  collecting  furnace- 
gases  are  shown  in  Figs.  742  to  746. 
In  Fig.  743,  the  cup,  which  is  a  funnel- 
shaped  casting  equal  in  its  largest 
diameter  to  the  throat  of  the  furnace 
and  4  or  5  ft.  deep,  rests  upon  the  top 
of  the  furnace  by  a  flange  round  its 
outer  edge.  The  orifice  at  the  bottom 
measures  from  3  to  5  ft.  in  diameter,  and 
is  closed  by  a  conical  casting,  with  the 
apex  upwards.  This  casting  is  sus- 
pended by  a  chain  from  a  lever  which 
is  counterbalanced  at  the  other  end. 
The  materials  are  filled  into  the  cup, 
and  the  workmen,  by  suitable  gearing 
affixed  to  the  lever,  lower  the  cone, 
and  the  materials  fall  into  the  furnace, 
and  the  stopper  is  restored  to  its  place 
by  the  counterpoise  on  the  opposite 
end  of  the  lever. 


743. 
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Another  plan,  Fig.  744,  which  has  also  been  extensively  adopted,  consists  of  a  lid  fitting  ckady 
to  the  furnace  this  lid  is  lifted  by  means  of  a  counterbalance  weight  W,  on  each  OCCMIOD  of 
charging  materials.  No  reduction  in  the  working  height  of  the  furnace  it  caused  by  this  arrange- 
ment, but  the  time  during  which  the  throat  is  open  while 
the  cover  is  being  lifted,  the  materials  filled  in,  and  until 
it  is  again  shut  close,  is  very  prejudicial  to  the  quality  of 
the  gas.  It  is  commonly  stated,  says  Truran,  that  no  gas 
passes  while  the  cover  is  up ;  but  this  is  an  error :  the 
same  quantity  of  gas  is  evolved  from  the  furnace  whether 
the  cover  be  open  or  closed ;  but  if  it  is  open,  a  largo 
quantity  of  atmospheric  air  also  passes  into  the  pipes, 
increasing  the  bulk  of  the  unprofitable  gases,  and  thereby 
reducing  the  heating  power  of  those  that  are  combustible, 
as  well  as  endangering  the  apparatus  by  causing  a  great 
increase  of  temperature  in  the  pipes. 

A  third  plan,  Fig.  742,  in  use  at  some  works  is  very 
readily  applicable  to  existing'  furnaces  (1862).  An  iron 
cylinder  of  6  or  7  ft.  in  depth,  and  6  or  8  in.  smaller  in 
diameter  than  the  throat,  is  sunk  into  the  furnace ;  a 
flange  on  the  top,  which  rests  upon  the  brickwork  inside 
the  tunnel-head,  forms  a  joint  and  sustains  the  cylinder. 
The  annular  space  between  the  cylinder  and  furnace 
underneath  the  flange  and  above  the  materials  forms  a 
chamber  for  the  ascent  of  the  gases,  which  are  conveyed 
away  through  a  suitable  pipe  or  tunnel. 

This  plan  also  has  its  disadvantages.  The  duration  of  the  cylinder  is  subject  to  great  variation. 
In  some  cases  it  is  burnt  down  in  two  or  three  weeks,  and,  under  more  favourable  circumstances, 
seldom  lasts  longer  than  a  few  months.  The  cost  of  the  cylinder,  and  the  delay  and  expense 
attending  its  so  frequent  renewal,  are  formidable  items  in  the  working  coet  of  thin  plan  for 
collecting  gas. 

This  method  is  also  subject  to  the  disadvantage  of  reducing  the  working  height  of  the  furnace. 
The  cylinder,  says  Truran,  is  kept  full  of  materials,  it  is  true:  hut  tiny  T>-<-< -m-  vi TV  little  beat 
•while  they  are  in  it,  as  the  hot  gases  are  drawn  into  the  outside  flues,  and  do  n»t  «-iit«-r  tho 
cylinders.  It  must  be  conceded  that  the  capacity,  and  consequently  the  smelting  power,  of  tho 
furnace  is  diminished  by  the  space  occupied  by  the  cylinder  and  chamber  for  collecting  the  gas. 
If  the  cylinder  is  immersed  7  ft.,  one-tenth  of  the  capacity  of  the  furnace  will  be  useless  K>  far  as 
the  reduction  of  metal  is  concerned.  The  deficiency  of  smelting  power  is  still  greater  with  the  plan 
first  described. 


746. 
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than  with  either  of  the  other  plans. 
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Fig.  747  shows  a  front  view  of  a  cinder-fall.    A,  B,  C,  Fig.  748,  are  moulders'  tools. 
Figs.  749  to  753  show  ordinary  furnace-keepers'  tools. 
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Outlines  of  blast-furnace  interiors  used  at  Rhymney  are  shown  in  Figs.  754,  755. 

Fig.  756  shows  the  type  adopted  at  Sirhowy;  757,  Ebbw  Vale;  758,  759,  760,  761.  Dowlau 
Iron  Works ;  762,  Hirwain  ;  763,  Aberamman ;  764,  Pentyrch ;  765,  Landore ;  766,  Staffordshire  • 
767,  Stafford;  768,  Tipton;  769,  770,  Shropshire;  771,  772,  Corbyn's  Hall;  773,  Alfreton ;  774, 
Wilkie;  775,  Stockton;  776,  Kinniel;  777,  Dandyvan,  778,  Muirkirk;  779,  Yniacedwyn;  780 
Ystalyfera  New  Furnace ;  781,  Ystalyfera  Old  Furnace ,  782,  Abernant ;  786,  787,  French ;  788, 
784,  785,  American ;  788,  Silesian ;  789,  Norwegian ;  790,  Belgian ;  791,  Prussian ;  792,  Baenun ; 
793,  794-,  Hartz. 

See  BLOWING  ENGINES.  FUBN ACES.  IRON.  KILNS.  OVENS.  PPDDLINO  and  PcDDLrso  MACHDTM. 
ROLLING  MILLS.  SQUEEZERS.  STEAM-HAMMEB.  STEEL.  TUYEBE. 
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BLAST-PIPE.    FB.,  Tuyau  dc  rarefaction ;  GEB.,  Zugrohr ;  ITAL.,  Tubo  di  scarico. 

See  DETAILS  OF  ENGINES. 

BLIND  AREA. — The  same  as  an  Area-drain,  with  the  addition  of  cross-walls  at  intervals, 
usually  built  to  assist  the  dwarf-wall  in  supporting  the  earth  at  its  back.  A  blind  area  is  inferior 
to  an  area-drain,  as  the  cross-walls  interfere  with  the  ,,„,, 

circulation  of  the  air. 

BLINDING.      FB.,   Gravier;    GEB.,   Grobe  Sand; 
ITAL.,  Intasatura  Insabbiamento. 

See  ROADS. 

BLOCK.    FB.,  Poulie ;  GEB.,  Block ;  ITAI.,  Girella ; 
SPAN.,  Pofea. 

See  PrLLETs.     TACKLE. 

BLOCK    OB    BLOCKING.      FB.,  Taquet;    GEB., 
Eckleiste ;  ITAL.,  Rinforzi. 

Small  pieces  of  wood  fitted  and  glued  into  the  interior  angles  of  two  pieces  of  stuff  to  strengthen 
the  joint.  See  Figs.  795  to  797. 
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BLOCKHOUSE.    FB.,  Blockhaus ;  GEB.,  Blockhcnu 

See  FOBTTFICATION. 

BLOCKING -COURSE.      FB.,  Le  dessus  (Tun   corniche; 
ITAL.,  Ultimi  corsi. 

Blocking  -  Course.  —  In  ma- 
sonry, a  course  of  stone  placed 
on  the  top  of  a  cornice. 

BLOOM.  FB.,  Loupe; 
GEB.,  Frischluppe ;  ITAL.,  Mas- 
sello;  SPAN.,  Changote. 

A  mass  of  crude  iron  from 
the  puddling  furnace,  while 
undergoing  the  first  hammer- 
ing previous  to  being  rolled,  is 
termed  bloom. 

BLOOMING  MACHINE. 
FB.,  Machine  a  cingler ;  GEB., 
Presswerk  Presse ;  ITAL.,  Mac- 
china  da  far  i  masselli. 

The  blooming  machine,  in- 
vented by  Jeremiah  Brown,  is 
shown  in  Figs.  798,  799,  800. 
It  consists  of  three  large  eccen- 
tric rolls  ABC,  placed  hori- 
zontally in  the  strong  holsters 
D  D,  the  centres  of  the  rolls 
being  arranged  in  a  Iriangular 
position,  and  the  bottom  roll  0 
being  nearly  central  between  the 
two  top  rolls  A  B.  These  rolls 
all  rotate  in  the  same  direction, 
and  are  driven  by  a  centre 
pinion  E,  working  into  three 
pinions  of  equal  size  F  F  F, 
fixed  on  the  roll-spindles.  In 
the  present  machine  the  driving  _ 
power  is  applied  direct  to  the 
bottom  roll  by  means  of  the 
large  wheel  G,  for  the  con- 
venience of  carrying  the  main 
shaft  under  the  floor.  The  rolls 
are  cast  solid,  with  their  jour- 
nals like  ordinary  rolls,  and  are 
driven  by  coupling-boxes  and 
spindles  H  H. 

The  roll-faces   are   16  in. 
long,  and  the  bottom  roll  has, 


,  Ridotto  Coperto ;  SPAH.,  Palaupe. 
GEB.,   Oberer   Tkeil  ei»t*  JTanueo; 
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lit  each  end,  strong  flanges,  8  in.  deep,  between  which  the  two  upper  rolls  work.  The  object  of 
these  flanges  is  to  upset  or  compress  the  ends  of  the  bloom,  as  the  iron  is  elongated  during  the 
operation  and  the  ends  are  forcea  against  the  flanges,  which  makes  them  square  and  sound.  The 
top  roll  A  has  a  large  hollow  in  which  the  puddled  ball  I  is  placed  by  the  puddler ;  this  roll 
carries  the  ball  round,  and  drops  it  into  the  space  between  the  three  rolls,  as  shown  in  Fig.  798, 
this  space  being  at  that  moment  at  its  largest  capacity. 

The  three  projecting  points  K  K  K  of  the  rolls  immediately  impinge  upon  the  ball,  and  com- 
press it  forcibly  on  three  sides ;  and,  giving  a  rotating  motion  to  the  ball  at  the  same  time,  they 
nave  a  powerful  kneading  action  upon  the  iron,  squeezing  out  the  cinder,  which  falls  down  each 
side  of  the  bottom  roll.  The  space  between  the  rolls  gradually  contracts,  from  the  spiral  or  eccen- 
tric form  of  the  rolls,  and  the  iron  is  subjected  to  an  increasing  pressure,  until  it  is  liberated  by 
the  points  I.I.I.,  simultaneously  passing  the  bloom  M,  which  falls  in  the  direction  of  the  arrow 
at  the  same  moment  that  another  ball  is  dropped  in  at  the  top  of  the  machine.  The  projecting 
teeth  on  the  surface  of  the  rolls  assist  this  action,  by  seizing  the  iron  and  kneading  into  it  ns  it 
rotates ;  these  teeth  gradually  diminish  in  projection,  the  last  portion  of  each  roll  being  plain, 
consequently  the  bloom  is  turned  out  in  a  smooth,  compact  form. 

The  space  between  the  flanges  of  the  bottom  roll  is  widened  for  a  short  distance  beyond  the 
point  L,  for  the  purpose  of  allowing  the  bloom  to  fall  out  readily  and  admitting  the  fresh 
ball. 

In  order  to  prevent  the  rolls  from  being  broken  by  any  unusual  size  of  ball,  the  machine  is  pro- 
vided with  two  large  triple-threaded  screws  N  N,  which  bear  upon  the  journals  of  one  of  the  top 
rolls  B ;  a  small  pinion  on  the  head  of  each  of  these  screws  works  into  a  largo  pinion  fixed  between 
them,  which  has  a  horizontal  lever  fixed  to  it,  carrying  a  balance-weight  O  at  the  end.  This  weiirht 
causes  a  constant  equal  pressure  of  the  roll,  and,  if  a  ball  of  extra  size  be  put  into  the  machine, 
the  screws  yield  by  turning  back  and  lifting  the  weight  to  the  extent  required,  so  that  a  large  ball 
may  be  worked  in  the  same  manner  as  those  of  smaller  sizes. 

A  continual  stream  of  water  runs  on  to  all  the  journals  in  the  machine,  thus  preventing  them 
from  heating  while  the  machine  is  at  work. 

BLOWING  ENGINE.    FB.,  Soufflerie ,  GEB.,  Gebldse ;  ITAL.,  Macchina  soffiante ;  SPAN.,  Bofeton. 

See  ENGINES,  Varieties  of. 

BLOWING  MACHINE.  FB.,  Machine  soufflante ,  GEE.,  Gebldse  Maschine;  ITAL.,  Macchina 
soffiante;  SPAN.,  Bofeton. 

A  blowing  machine  is  a  machine  or  engine  for  forcing  a  strong  and  continuous  blast  of  air  into 
a  furnace. 

.The  first  records  show  blowing  cylinders  to  have  been  single-acting,  that  is,  having  the  power 
of  propelling  the  blast  when  the  piston  was  moving  in  one  direction  only.  Two  or  more  of  these 
blowing  cylinders  appear  to  have  been  attached  to  one  crank-shaft,  worked  by  a  water-wheel,  and 
thus  a  tolerably  steady  pressure  of  air  was  obtained.  When  the  gradual  improvements  of  the  steam- 
engine  and  the  demand  for  increased  means  of  manufacture  caused  it  almost  entirely  to  supersede 
all  other  power,  blowing  apparatus  appears  to  have  been  accommodated  as  much  as  possible  to  the 
steam-engine,  so  as  to  afford  the  character  of  engine  for  the  time  being  the  fullest  development  of 
its  power. 

In  pursuance  of  this  object,  the  single-acting  atmospheric  engine  of  Newcomen  was  attached 
to  a  blowing  cylinder,  which  propelled  the  air  from  the  upper  side  of  the  piston  only ;  and  in  addition 

801.  802. 


to  the  water-regulator,  Fig.  801,  which 

appears  to  have  been  known  at  an  earlier 

date,  there  was  attached  a  cylinder,  B, 

Fig.  802,  now  known  as  the  regulating 

tub,  which  was  equal  to  or  larger  in 

diameter  than  the  blowing  cylinder.    In 

this  was  fitted  a  piston  G,  with  a  rod 

moving  in  a  guide  fixed  on  the  open 

top  of  the  regulating  tub,  the  bottom  of 

the  latter  being  close,  and  having  an 

open  connection  to  the  main  from  the 

blowing  cylinder.    The  piston  in  the  tub 

was  loaded  at  H  to  the  pressure  of  blast 

required,  and  in  the  intervals  between  the  discharges  of  the  blowing  cylinder,  the  descent  of  the 

piston  in  the  tub  kept  up  the  discharge  of  air  into  the  water-regulator,  which  intervened  between 

it  and  the  furnace ;  thus  in  effect,  as  far  as  possible,  making  the  engine  double-acting.    To  prevent 

the  piston  being  blown  out  of  the  regulating  tub,  a  large  safety-valve  was  attached  to  the  top  of 
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the  rod  by  a  strap,  long  enough  to  allow  the  desired  play  of  the  piston,  and  short  enough  to  lift 
the  safety-valve,  or  snorter  as  it  is  usually  termed,  if  the  piston  at  any  time  exceeded  its  lim its 
and  the  number  of  strokes  of  the  engine  was  also  regulated  by  the  tub-piston,  as  to  it  the  catan 
were  attached. 

When  the  double-acting  engines  of  Watt  were  introduced,  the  regulating  tub  was  still  retained. 
though  not  nearly  so  essential  a  part  of  the  machine  as  in  the  former  instance. 

The  next  change  that  took  place  was  the  general  abandonment  of  the  water-regulator  though 
some  of  these  are  still  at  work,  or  have  been  within  a  few  years.    The  reason  for  thU  HmngTwas 
the  discovery  that  the  air  in  summer,  already  surcharged  with  moisture,  took  up  an  additii.tml 
quantity  from  passing  over  the  surface  of  the  water  in  the  regulator,  and  that  this  was  prejudi 
to  the  working  of  the  furnaces. 

When  the  large  area  of  the  water-regulator  was  shut  off,  it  was  then  found  that  the  tub  was  by 
no  means  such  a  perfect  regulator  as  it  was  supposed  to  be,  as  the  momentum  of  the  engine  nns»od 
too  suddenly  into  the  heavy  piston  of  the  tub,  and,  throwing  it  up  much  beyond  the  height  dueto 
the  pressure  of  the  air,  caused  an  irregularity  that  was  even  more  aggravated  by  its  descent.  To 
counteract  this,  a  spring-beam  was  placed  on  the  top  of  the  tub,  so  as  gradually  to  check  the 
momentum  of  the  piston ;  and  this  had  some  effect,  but  not  at  all  a  satisfactory  one. 

The  next  alteration  which  appears  to  have  suggested  itself,  was  the  application  of  large  atV. 
chambers,  from  twelve  times  to  thirty  times  the  area  of  the  blowing  cylinder,  in  which  th.- . 
of  the  compressed  air  acted  as  the  regulator  of  the  discharge ;  the  tub,  with  its  piston,  being  in 
some  cases  retained  to  work  the  cataracts,  and  as  a  tell-tale  against  the  engine-men  in  «rtft  of 
their  allowing  the  steam  to  slacken  and  the  piston  to  descend.  In  other  cases  the  tub  was  dispensed 
with  altogether. 

We  now  enter  upon  the  last  change  which  took  place  some  thirty  years  ago,  namely,  the  coup- 
ling of  two  double-acting  engines  and  double-acting  blowing  cylinders  upon  the  same  crank-shaft 
at  right  angles,  so  as  to  keep  up  a  regular  discharge.  This  effect  was  in  some  measure  obtained  ; 
but  an  air-chamber,  or  what  is  equivalent  to  it,  very  large  mains,  was  still  required  to  obtain  a 
satisfactory  result. 

At  this  point  the  realized  improvements  of  the  blowing  engine  stop  short,  leaving  it  still  a  Urge, 
cumbrous,  and  expensive  machine,  and  not  capable  of  moving  through  its  valves  the  HIGHLY 
ELASTIC  MEDIUM  AIR  at  a  greater  rate  than  the  absolutely  NON-ELASTIC  FLUID  WATEH  is  moved 
through  an  ordinary  pump.  Under  these  circumstances  it  must  be  obvious  that,  after  all  the 
engineering  talent  that  has  been  spent  on  this  description  of  engine,  there  is  still  (if  the  expression 
may  be  applied)  a  wide  range  of  discovery  open. 

The  immediate  cause  of  my  attention  being  attracted  to  the  improvement  of  the  blowing  engine, 
says  Archibald  Slate  (to  whose  paper,  read  before  the  Inst.  of  Mechanical  Engineers,  we  are  nidoMM 
for  the  present  article),  was  the  difficulty  experienced  in  regulating  one  of  the  old  construction  of 
blowing  engine  in  the  latter  part  of  1 848,  having  at  the  same  time  occasion  to  employ  some  sum  1 1  '.<-  i  n . 
cylinders  driven  by  the  air  of  the  large  blowing  engine.  These  small  cylinders,  when  driving  tho 
shafting  only,  sometimes  attained  a  velocity  of  upwards  of  200  revolutions  a  minute.  suirgrMing  tho 
idea  of  the  possibility  of  reversing  their  motion,  and  taking  in  the  air  in  place  of  blowing  it  out  through 
them ;  there  was,  however,  a  difficulty  in  the  slide-valve,  which  did  not  open  and  shut  fast  • 
After  some  consideration,  it  was  agreed  that  another  cylinder  should  be  prepared,  the  centre-port 
made  much  larger,  and  the  slide  over-travelled  nearly  half  its  stroke  in  excess,  which  had  the 
desired  effect ;  a  cylinder  of  9  in.  diameter,  and  1  ft.  stroke,  having  been  driven  320  revolutions  or 
640  ft.  a  minute,  discharging  the  air,  at  a  pressure  of  3J  Ibs.  the  square  inch,  through  a  tuyere  of 
li  in.  diameter,  or  ^jth  of  the  area  of  the  blowing  piston.  This  performance  was  in  1850  more  tlmn 
double  that  of  any  ordinary  engine,  the  total  area  of  the  tuyeres  with  a  90-in.  blowing  cylinder 
being,  at  a  pressure  of  3£  Ibs.,  about  52  circular  in.,  or  ri^th  of  the  area  of  blowing  piston. 

We  are  all  acquainted  with  the  tremor  which  is  felt  even  in  the  best  form  of  the  large-sised 
engines;  but  in  the  experiments  at  a  high  velocity  with  the  small-sized  cylinders,  not  the  slightest 
jar  was  felt  or  noise  heard ;  it  was  therefore  proposed  to  increase  the  speed  of  the  piston  in  actual 
practice,  from  640  to  750  ft.  a  minute,  the  length  of  stroke  being  2  ft.  in  place  of  1  ft. :  this  is  some- 
what under  the  speed  of  a  locomotive  piston  at  40  miles  an  hour,  which  is  about  800  ft.  a  minute, 
so  that  it  was  conceived  no  difficulty  could  present  itself  to  this.  The  propoaed  speed  of  750  ft.  a 
minute  was  three  times  the  usual  speed  of  the  blowing  engines  then  in  use  (250  ft.  a  minute). 

The  construction  of  the  engine  proposed  by  A.  Slate  is  shown  in  the  accompanying  drawings. 
Fig.  80i  is  a  plan,  and  Fig.  803  an  elevation  of  the  engine,  showing  the  pair  of  stearo-ry linden  and 
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blowing  cylinders;  A  A  are  the  steam-cylinders,  10  in.  diameter  nnd  2ft.  stroke;  BB  blowing 
cylinders,  30  in.  diameter  and  2  ft.  stroke,  with  their  pistons  C,  fixed  on  the  same  piston-rods  D, 
which  are  connected  to  two  cranks  E,  fixed  at  right  angles  to  each  other  on  tho  same  shaft, 
slide-valves  F  of  the  steam-cylinders  are  worked  by  the  eccentrics  G  on  the  cranked  nhaft,  »nd  th« 
cranks  H,  at  the  outer  ends  of  the  same  shaft,  work  the  slide-valves  I  of  the  blowing  cylinder 
The  centre-port  K  passes  downwards  to  an  external  opening  for  the  admission  of  the  air,  and  the 
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discharge-ports  L  L  deliver  into  the  passages  M  on  the  top  of  the  cylinder,  which  communicate 
with  the  air-main  N  by  the  chest  O  formed  between  the  cylinders.  The  piston  of  the  blowing 
cylinder  is  intended  to  be  made  without  any  packing,  being  a  light  hollow  cast-iron  piston  turned 
to  an  easy  fit ;  and  the  slide-valve  of  the  blowing  cylinder  to  have  a  packing  -plate  at  the  back, 
working  against  the  cover  of  the  valve-box,  with  a  ring  of  india-rubber  inserted  between  this  plate 
and  the  back  of  the  valve,  to  give  a  little  elasticity. 
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It  appears  that  30  in.  diameter  is  about  the  most  convenient  size  for  a  stroke  of  2  ft. ;  and  as  it 
is  considered  an  advantage  to  have  the  stroke  as  short  as  possible,  to  increase  the  regularity  of  the 
blast,  the  comparative  cost  of  the  different  engines  which  follow  has  been  taken  upon  this  basis, 
•Ay-in.  steam-cylinders  and  -^-in.  blowing  cylinders  being  reckoned  equal  to  blow  one  of  our  largest 
furnaces,  making  160  tons  of  iron  a  week,  and  having  a  surplus  equal  to  blowing  a  cupola  or 
refinery,  as  it  is  generally  allowed  that  such  an  engine  would  give  at  640  ft.  a  minute  the  same  speed 
of  piston  as  in  the  experiments,  very  nearly  30  circular  in.  of  tuyere,  at  a  pressure  of  3£  Ibs.  to  the 
sq.  in.  The  circular  inch  is  used  in  speaking  of  the  area  of  tuyere,  as  the  blast  that  any  furnace  is 
taking  is  usually  reckoned  by  simply  squaring  the  diameter  of  the  tuyere,  but  the  pressure  is  taken 
on  the  square  inch. 

The  experiments  on  which  these  calculations  were  founded,  having  been  made  in  1849,  were 
repeated  in  1850,  and  the  results  were  found  to  be,  as  nearly  as  they  could  be  measured,  the  same ; 
the  blowing  cylinder  had  in  the  interval  been  driving  the  lathes  in  the  pattern-shop,  and  the  slide 
was  found  perfect.  An  indicator  was  applied  with  a  view  to  test  the  amount  of  friction  of  the  air 
in  entering  the  cylinder  at  the  high  velocity,  and  a  simple  method  was  adopted  of  ascertaining  this. 
A  tuyere  was  made  as  large  as  the  inlet-port,  and  the  engine  was  driven  to  nearly  or  quite  700  ft. 
a  minute,  when  the  gauge  showed  a  pressure  of  \  of  a  Ib.  to  the  square  in.,  and  as  the  friction  would 
be  the  same  through  the  same  sized  openings  at  other  pressures,  it  follows  that  the  loss  by  friction, 
on  a  pressure  of  blast  of  3J  Ibs.  the  inch,  would  be  Jjth  or  6f  per  cent,  loss ;  as  the  port  in  this  case 
was  ^th  of  the  area,  and  the  port  proposed  is  |th,  it  is  assumed  that  the  loss  would  not  exceed 
5  per  cent,  from  this  cause,  or  indeed  from  any  other  cause,  as  the  friction  from  propelling  the  air 
through  a  given  sized  tuyere,  at  a  given  pressure,  must  be  the  same  in  both  cases. 

We  extract  a  description  of  a  set  of  six  blast-engines,  made  for  the  East  Indian  Iron  Company, 
from  a  paper  by  Edward  A.  Cowper,  read  before  the  Institute  of  Mechanical  Engineers  in  1855. 

These  engines  were  made  to  the  plans  and  under  the  superintendence  of  Charles  May,  the  con- 
sulting engineer  to  the  East  Indian  Iron  Company,  by  James  Watt  and  Co.,  to  the  drawings  prepared 
by  E.  A.  Cowper. 

The  engines  are  six  in  number,  two  pairs  of  them  being  intended  to  blow  air  at  2  Ibs.  the 
square  in.  as  a  maximum  pressure,  and  the  other  pair  to  blow  air  at  4  Ibs.  the  square  in.  as  a 
maximum  pressure. 

Fig.  805  is  a  side  elevation  of  the  engine  complete,  with  crank-shaft,  wheels,  and  other  fittings. 

Fig.  806  is  a  vertical  section  through  the  steam  and  air  cylinders,  and  their  valves  and  passages, 
and  the  branch  air-pipes. 

I       Fig.  807  shows  a  sectional  plan  taken  through  the  air-valve,  and  the  air-passages  and  branch 
air-pipes. 

The  general  form  and  construction  of  the  engine  is  that  of  a  Pedestal  or  Table  Engine ;  the  air- 
cylinder  A  stands  on  a  short  pedestal,  and  itself  forms  the  pedestal  or  table  on  which  the  steam- 
cylinder  B  stands.  The  foundation-plate  is  6  ft.  square,  and  carries  a  wrought-iron  crank-shaft  C 
in  four  plummer-blocks,  having  two  light  fly-wheels  D  D,  one  on  each  end  of  the  shaft,  and  the  two 
eccentrics  E  E  for  driving  the  air- valve  F,  one  on  each  side  of  the  air-cylinder,  and  the  eccentric  G 
for  driving  the  steam-valve  H,  in  the  centre.  The  steam-piston  has  one  piston-rod  fixed  in  a  short 
cross-head  I  at  the  top,  and  this  cross-head  has  two  other  piston-rods,  for  driving  the  air-piston, 
which  pass  down  outside  the  steam-cylinder  through  stuffing-boxes  in  the  cover  of  the  air-cylinder, 
and  are  attached  to  the  air-piston.  The  long  cross-head  K,  taking  the  connecting-rods  to  the 
cranks,  is  attached  to  the  short  cross-head  by  a  pin,  so  as  to  allow  a  little  freedom  in  case  of  unequal 
wear ;  the  guides  L  L  are  attached  to  the  steam-cylinder  cover.  V  is  section  of  air-valve. 
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to  move  with  the  greatest  freedom,  and  the  valve  has  such  a  proportion  of  lap  as  to  cause  the  air  u> 
be  compressed  up  to  the  working  pressure  before  it  is  delivered,  thus  giving  the  engine  no  more 
work  to  do  than  is  necessary. 

The  openings  or  passages  for  the  air  from  the  air-cylinder 
to  the  valve  are  extremely  short,  and  the  bars  between  the 
openings  are  made  inclined,  so  as  to  cause  a  regular  wear  on 
the  brass  packing-rings  which  form  the  rubbing-face  of  the 
valve.  The  body  of  the  air-valve  is  made  of  thin  sheet  iron, 
neatly  curved  to  two  turned  cast-iron  rings,  to  which  it  is  well 
secured  by  a  great  number  of  small  bolts.  These  rings  are 
bored  out  inside  to  receive  the  brass  packing-rings  before 
mentioned,  which  are  secured  in  their  places  by  bolts.  There 
are  no  springs  to  the  brass  packing-rings,  but  they  are  bored 
out  to  a  perfect  fit  to  the  outside  of  the  air-cylinder,  and  are 
then  cut  into  eight  pieces,  and,  should  any  wear  take  place, 
they  can  be  at  once  adjusted  by  introducing  a  thin  sheet 

of  paper  behind  them  and  screwing  them  fast  in  their  places  ngain.  It  should,  however,  b« 
remarked  that  this  valve  is  under  totally  different  circumstances  from  any  that  have  hitherto  been 
made,  as  it  is  perfectly  in  balance,  or  rather  it  is  suspended  freely,  slides  tip  and  down  a  turned 
cylindrical  surface,  and  therefore  there  is  no  tendency  or  power  to  cause  wear  under  any  variation 
in  the  pressure  of  the  air.  The  mode  in  which  the  two  eccentrics  drive  the  air-valve  in  by  mMins 
of  a  Gymbal  Ring ;  that  is  to  say,  there  is  a  wrought-iron  ring  encircling  the  air-valve  and  attached 
to  it  by  two  pins  opposite  each  other,  and  the  eccentric  rods  are  attached  to  the  ring  at  two  other 
points  at  right  angles  with  the  first :  thus  the  air-valve  is  perfectly  free. 

The  air-cylinder  A  is  30  in.  diameter  and  2  ft.  6  in.  stroke,  and  the  piston  makes  80  strokes  a 
minute.  The  air-piston  is  packed  with  hemp-packing,  and  has  a  line  to  screw  it  down  ;  the  srrowi 
are  so  arranged  that  they  can  be  got  at  by  simply  unscrewing  small  plugs  in  the  cylinder-cover, 
when  a  socket-spanner  can  be  introduced  to  screw  the  ring  down.  The  air  passes  into  the  air- 
cylinder  beyond  the  end  of  the  valve,  first  at  one  end  and  then  at  the  other,  and  is  delivered  into 
the  hollow  part  of  the  valve,  from  which  it  escapee  through  two  light  copper  branch-pipes  MM, 
placed  opposite  each  other,  and  having  turned  joints  fitting  turned  collars  fixed  on  the  valve. 
other  ends  of  the  pipes  rest  on  a  small  surface  or  shelf  prepared  for  them,  and  on  which  they  slid* 
backwards  and  forwards  about  ith  in.  These  ends  of  the  pipes  are  curved  in  the  same  manner  as 
the  other  ends,  so  that  the  faces  are  in  one  plane,  and  the  air-main,  Fig.  805.  has  the  fac*n  of  its 
branches  surfaced  to  receive  them;  thus  the  air  is  taken  equally  from  each  side  of  the  air-valvt. 
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The  steam-valve  II  has  considerable  lap,  and  is  BO  proportioned  as  to  cut  off  the  etenm  just  after 
the  half-stroke  and  have  a  very  free  exhaust. 

The  boilers  are  on  the  Cornish  plan,  and  will  be  chiefly  used  with  wood  as  fuel,  and  the  furnaces 
are  made  proportionately  large  for  this  purpose.  The  boilers  are  fed  by  a  donkey  engine  entirely 
independent  of  the  blast  engine,  so  that  they  are  complete  in  themselves,  and  there  is  no  fear  of 
pelting  short  of  water  whilst  the  blast  engines  stand  for  tapping,  at  which  time  indeed  the  boiler 
should  always  be  fed,  if  only  to  keep  the  steam  down  a  little. 

The  engines  having  to  be  transported  some  distance  up  the  country,  a  limit  of  weight  was  given, 
namely,  1  ton  for  any  one  part  of  the  engine ;  and  in  accordance  with  this  limitation  the  total 
weight  of  a  pair  of  these  engines  is  only  11  tons  as  compared  with  25  tons,  the  weight  of  an 
ordinary  blast  engine  of  equal  power ;  and  the  weight  of  the  heaviest  single  piece  of  an  ordinary 
engine  is  4£  tons  as  compared  with  1  ton,  the  weight  of  the  heaviest  piece  in  the  new  engines.  It 
is,  therefore,  evident  that  the  engine  can  be  moved  with  the  greatest  facility ;  and  the  first  pair  put 
to  work  here  for  trial  simply  stood  on  some  balks  of  timber,  and  a  few  small  bolts  through  the 
bed-plates  were  sufficient  to  hold  them  and  cause  them  to  work  quite  steadily ;  whereas  for 
the  ordinary  engine  a  strong  building  with  massive  foundations  has  to  be  erected. 

The  method  by  which  a  high  speed  for  blast  engines  has  been  attained  is  simply  that  of 
moving  the  air-valves  for  the  air,  having  of  course  very  large  valves  and  passages,  inslcul 
of  letting  the  air  itself  move  the  valves.  This  arrangement  at  once  prevents  all  blow  and  jar  in  the 
working,  provided  that  the  lap  and  lead  of  the  valve  are  properly  proportioned,  and  allows  of 
the  piston  being  driven  at  a  high  velocity,  and  consequently  its  diameter  may  be  reduced  and  its 
stroke  shortened.  This  mode  of  working,  combined  with  the  fact  of  two  engines  working  together 
as  a  pair  with  their  cranks  at  right  angles,  causes  such  uniformity  in  the  flow  of  the  blast  that  no 
regulator  of  any  kind  is  needed ;  indeed,  the  variation  is  hardly  perceptible  in  a  mercury  gauge 
placed  on  a  very  short  length  of  main,  whereas  the  variation  on  the  ordinary  plan  is  very  con- 
siderable. The  pair  of  engines  are  arranged  to  blow  3600  cub.  ft,  a  minute,  and  are  speeded  to 
80  revolutions  a  minute,  which  with  2  ft.  6  in.  stroke  makes  400  ft.  a  minute,  and  this  they  do 
with  the  greatest  ease  and  efficiency,  owing  to  the  exact  manner  in  which  the  lap,  lead,  and  area 
of  passages,  &c.,  are  proportioned. 
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The  following  account  of  the  blowing  engine  in  use  at  the  Dowlais  Iron  Works,  is  taken  from 
a  paper  in  the  '  Transactions  of  the  Institute  of  Mechanical  Engineers,'  read  by  Wm.  Menelaus. 

The  blowing  engine  was  erected  in  1851,  and  is  shown  in  Figs.  808  to  811.  Fig.  808  is  a  side 
elevation  of  the  engine,  and  Fig.  809  an  end  elevation.  Fig.  810  is  an  enlarged  vertical  section 
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of  the  blowing  cylinder. 
Fig.  811  is  a  vertical  section 
of  steam-valves.  The  blow- 
ing cylinder  is  144  in.  in 
diameter,  with  a  stroke  of 
12  ft.,  making  20  double 
strokes  a  minute,  the  pres- 
sure of  the  blast  being 
3J  Ibs.  the  square  in.  The 
discharge  -  pipe  B  is  5  ft. 
diameter,  and  about  140  yds. 
long,  thus  answering  the 
purpose  of  a  regulator.  The 
area  of  the  entrance  air- 
valves  is  56  sq.  ft.,  and  of  the 
delivery  air- valves  16  sq.  ft. 
The  quantity  of  air  dis- 
charged at  the  above  pres- 
sure is  about  44,000  cub.  ft. 
a  minute. 

The  steam-cylinder  C  is 
55  in.  diameter,  and  has  a 
stroke  of  13  ft.,  with  a  steam- 
pressure  of  60  Ibs.  the  square 
in.,  and  working  up  to  650 
horse-power.  The  steam  is 
cut  off  when  the  piston  has 
made  about  one-third  of  its 
stroke,  by  means  of  a  com- 
mon gridiron-valve  A  near 
the  back  of  the  slide-valve 
E,  as  shown  enlarged  in 
Fig.  811;  there  is  also  on 
one  side  of  the  nozzle  a 
small  separate  slide-valve  B, 
for  moving  the  engine  by 
hand  when  starting.  The 
cylinder-ports  are  24  in.  wide 
by  5  in.  long,  and  the  slide- 
valve  E  has  a  stroke  of  11  in. 
with  J-in.  lap.  The  engine 
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is  non-condensing,  and  the  steam  is  discharged  into  a  cylindrical  heating  tank  7  ft.  diameter  and 

36  ft.  long,  containing  the  feed-water  from  which  the  boilers  are  supplied.    Under  the  steam- 
cylinder  0  there  are  about  75  tons  of  cast-iron  framing,  and  10,000  cub.  ft.  of  limestone  wallin" 

in  large  blocks,  some  of  them  weighing 

several  tons  each. 

The  beam  H  is  cast  in  two  parts,  of 

about  16J  tons  each,  the  total  weight 

upon  the  beam-gudgeons  being  44  tons; 

it   is  40  ft.  1  in.  long,   from  outside 

centre  to  outside  centre,  and  is  con- 
nected to  the  crank  on  the  fly-wheel 

shaft   I   by   an   oak   connecting-rod, 

strengthened    from    end    to    end    by 

wrought -iron  straps.      The  beam   is 

supported  by  a  wall  L  across  the  house, 

7  ft.  thick,  built  of  dressed  limestone 

blocks,  to  which  the  pedestals  M  are 

fastened  down  by  twelve  screw-bolts 

of  3  in.  diameter!    The  fly-wheel  I  is 

22   ft.  diameter,    and    weighs    about 

35  tons. 

Eight  Cornish  boilers  are  employed 

to  supply  the  steam,  each  42  ft.  long 

and  7  ft.  diameter,  made  of  ^-in.  best 

Staffordshire  plates,  and  having  from 

end  to  end  a  single  4-ft.  tube,  in  which 

is  the  fire-grate,  9  ft.  long. 

For  some  time  this  engine  supplied 

blast  to  eight  furnaces  of  large  size, 
varying  from  16  to  18  ft.  across  the 
boshes;  it  is  now  blowing,  with  three 
other  engines  of  small  dimensions, 
twelve  furnaces,  some  of  which  make 
upwards  of  235  tons  of  good  forge  pig- 
iron  a  week,  the  weekly  make  of  the 
twelve  furnaces  being  about  2000  tons 
of  forge  pig-iron.  With  the  exception 
of  the  cylinders,  made  and  fitted  at  the 
Perran  Foundry,  Truro,  this  engine 
and  boilers  were  made  at  the  Dowlais 
Iron  Works,  and  erected  according  to 
the  design  and  under  the  superintend- 
ence of  Samuel  Truran,  the  Company's 
engineer. 

Blowing  Engines  at  Creusot.  — 
Schneider  and  Co's.  works  at  Creusot 
include  amongst  their  plant  seven 
blowing  engines,  three  of  these  being 
horizontal  engines  of  an  old  type,  and 
the  other  four  direct-acting  vertical 
.  engines ;  one  of  these  latter  is  shown  in 
Fig.  812.  It  will  be  seen  that  the  blow- 
ing cylinder  A,  which  is  108J  in.  in 
diameter,  is  placed  below  the  floor  of 
the  engine-house,  the  steam-cylinder, 
which  is  47}  in.  diameter,  being  over- 
head. The  two  pistons  B  B  are  fixed 
on  one  rod,  and  their  stroke  is  6  ft. 
6f  in.  The  piston-rod  C  passes  through 
the  top  of  the  steam-cylinder,  and  is 
attached  at  its  upper  end  to  a  cross- 
head  working  in  suitable  guides.  From 
the  cross-head  a  connecting-rod  extends 
to  the  crank-shaft,  the  centre  of  the 
latter  being  25  ft.  10}  in.  above  the 
floor  of  the  engine-room,  and  no  less 
than  44  ft.  3|  in.  above  the  base  of  the 
engine. 

The  admission  of  the  steam  to, 
and  its  release  from,  the  cylinder  are 
effected  by  equilibrium-ta/res  worked 
by  cams  placed  on  a  counter-shaft,  which  derives  its  motion  from  the  crank-shaft  through  spur- 
gearing.  The  engine  is  of  the  non-condensing  class,  and  the  steam,  which  is  supplied  at  a  pressure 
of  60  Ibs.  the  sq.  in.,  is  cut  off  at  one-fourth  of  the  stroke.  The  speed  is  usually  15  revolutions  a 
minute. 
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The  Kirklcw  Hall  Blowing  Engine,  designed  by  Robert 
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The  blowing  cylinder  is  fitted  with  a  number  of  small  flap-valves,  O,  O,  arranged  on  each  cover, 
as  shown  by  Figs.  812,  813.  One-half  of  each  cover,  it  will  be  noticed,  is  devoted  to  the  inlet,  and 
the  other  half  to  the  delivery  valves.  The  blast  is  delivered  at  a  pressure  of  6J  in.  of  mercury,  or 
rather  more  than  3  Ibs  the  sq.  in.,  and  the  quantity  delivered  is  90  per  cent,  of  that  due  to  the 
capacity  of  the  blowing  cylinder.  The  four  engines,  which  are  appropriately  named  the  Simoun, 
Sirocco,  Mistral,  nnd  Ouragan,  are  placed  in  one  uiigiue-house,  and  they  serve  to  supply  blast  to 
twelve  blast  furnaces. 

The  KirkU-ss  Mill  Dlmrinrj  Engine*. — These  fine  engines  were  constructed  by  Naysmith,  Wilson 
Company,  from  the  designs  of  Robert  Wilson,  for  the  Wigan  Iron  and  Coal  Company. 
Their  whole  arrangement  is  shown  in  Fig.  814.  The  engine-house  is  a  handsome  detached 
Btructure  about  25  yds.  long.,  60  ft.  wide,  and  72  ft.  high,  and  is  entered  by  means  of  a  large 
square  tower,  having  an  internal  spiral  staircase,  with  doors  communicating  with  the  several 
galleries  in  the  engine-house.  On  the  top  of  this  tower  is  placed  a  balcony,  from  which  an 
extensive  view  of  the  surrounding  country  is  obtained.  The  interior  of  this  tower  is  entered  by  a 
flight  of  stone  steps.  The  first  impression  on  entering  the  engine-house  is  one  of  complete 
astonishment,  there  being  little  of  the  ordinary  appearance  of  an  engine-house  to  be  seen.  There 
are  two  handsome  iron  galleries  extending  round  the  whole  of  the  interior ;  some  feet  below  the 
first  are  seen  the  immense  engine-beams,  each  beam  being,  about  38  ft.  long,  and  weighing 
upwards  of  20  tons.  These  beams,  notwithstanding  their  enormous  size  and  weight,  move  as 
easily  and  gently  as  if  they  were  the  merest  toys,  and  this  without  the  usual  control  of  a  fly-wheel, 
•which,  in  this  instance,  is  entirely  dispensed  with.  Here  we  see  the  beautiful  and  novel  valve 
arrangement  by  means  of  which  these  monster  engines  are  worked.  When  the  engines  were  first 
designed,  the  valves. were  intended  to  be  worked  by  the  ordinary  tappit-motion,  because,  having 
no  rotary  motion  in  any  of  their  parts,  the  application  of  any  other  but  this  old  arrangement  wan 
considered  impracticable ;  but,  on  starting  the  engines,  it  was  discovered  that  this  motion  did  not 
allow  sufficient  latitude  to  admit  of  their  being  worked  at  the  different  speeds  required  to  suit  the 
varying  number  of  blast  furnaces  that  might  from  time  to  time  be  in  operation.  Robert  Wilson  seeing 
that  the  engines  could  not  be  worked  satisfactorily  with  the  old  motion,  at  once  applied  himself  to 
the  analyzation  of  the  difficulty,  with  a  view  of  producing  a  more  efficient  arrangement  for  working 
the  engines,  and  the  result  of  his  investigations  was  the  invention  of  a  modification  of  the  Cornish 
valve-gear,  which,  on  being  applied,  was  immediately  found  to  answer  most  admirably  every 
requirement. 

The  engine-house  contains  three  pairs  of  engines,  each  pair  consisting  of  one  high-pressure 
steam-cylinder,  45  in.  diameter ;  one  low-pressure  steam-cylinder,  6G  in.  diameter ;  and  two 
blowing  cylinders,  each  100  in.  diameter — one  of  the  latter  being  placed  about  17  ft.  above,  and 
directly  over  each  steam-cylinder;  the  stroke  of  all  these  cylinders  being  12  ft.:  the  steam- 
cylinders  are  worked  together  by  means  of  the  large  beams  before  described,  of  which  there  are 
two  to  each  pair  of  engines.  The  high-pressure  cylinders  are  placed  on  the  left-hand  side  of  the 
engine-house,  and  the  low-pressure  ones  on  the  right-hand  side,  and  are  connected  by  beams  working 
•\\ith  connecting-rods  from  the  cross-heads.  The  motion  which  works  the  valve-gear  is  on  the  low- 
pressure  side,  and  is  carried  across  the  engine-house  beneath  the  floor,  so  that  by  means  of  one  set 
of  hand-gear  the  eight  valves  of  the  two  cylinders  are  easily  controlled  by  one  man,  or  worked  by 
the  engine  itself,  as  may  be  desired.  This,  in  itself,  is  considered  to  be  a  triumph  of  mechanical 
ekill,  and  the  smoothness  of  action,  the  perfect  accuracy  of  every  part,  and  the  superior  style  of 
workmanship  and  finish  of  this  motion,  is  of  such  a  character  as  to  attract  the  attention  of  even 
the  most  unprofessional  spectator.  The  six  air-cylinders,  each  weighing  upwards  of  25  tons,  are 
placed  upon  stone  piers,  and  on  a  level  with  the  bottom  of  these  cylinders  is  fixed  the  second 
gallery,  and  round  the  tops  of  them  are  fixed  airy-like  but  substantial  balconies,  which  are 
reached  by  means  of  an  iron  staircase  at  each  end.  These  cylinders  are  fine  specimens  of  English 
workmanship ;  in  fact,  there  are  few  engineering  establishments  besides  the  Bridgewater  Foundry 
where  such  cylinders  could  have  been  cast, 
bored,  and  finished,  in  the  style  these  are. 

Fan  Blast  Machines. — These  machines  are 
very  common ;  they  are  used  to  urge  the  fire 
of  steam  boilers,  and  at  puddling,  re-heating, 
and  cupola  furnaces,  where  anthracite  is 
burned;  and  at  cupola  furnaces,  where  coke 
is  used  for  re-melting  pig  iron  in  foundries. 
Fig.  815  shows  a  section  of  a  common  fan. 
The  two  sides  of  the  case  are,  in  most  in- 
stances, made  of  cast  iron,  and  held  together 
by  the  screw  bolts  a,  a,  a,  a.  These  bolts  reach 
through  both  sides,  and  their  length  is  there- 
fore equal  to  the  width  of  the  machine,  which 
varies  from  6  to  20  in.  The  space  between 
the  sides  is  occupied  by  a  strip  of  sheet  iron; 
this  strip  determines  "the  width  of  the  ma- 
chine, and  reaches  all  round  the  fan,  forming 
the  circular  part  of  the  case.  The  wings  of 
the  fan,  marked  6,  b,  b,  b,  are  sometimes  of 
sheet  iron ;  they  are  fastened  to  iron  arms  set 
upon  the  axis,  and  rotate  with  it,  and  they 

occupy  a  different  position  in  different  fans.  Some  are  set  radially,  others  inclined  more  or  less 
tangentially.  Some  are  straight ;  others  have  a  slight  curvature.  On  the  whole,  no  marked 
difference  between  the  one  form  of  wings  and  the  other  results,  so  far  as  effect  is  concerned,  if  no 
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or  width  of  the  wings.  Broad  fans  require  such  an  opening  on  each  aide.  "Small  fan*,  of  but  »:  ..r 
8  in.  in  width,  work  sufficiently  well  with  one  inlet.  The  diameter  of  a  fan  in  seldom  more  titan 
3  ft.,  and  from  various  reasons  it  can  be  shown  that  a  larger  diarneU-r  is  uf  no  advantage.  The 
number  of  revolutions  of  the  axis,  or  the  speed  of  the  wings,  is  very  seldom  less  than  700  a  minute  • 
this  speed  may  be  considered  sufficient  for  the  blast  of  a  blacksmith's  forge  and  email  furnace*! 
At  large  furnaces  or  cupolas,  we  frequently  lind  the  number  of  revolution*  as  many  us  1800  a 
minute.  The  motion  of  the  axis  is  generally  produced  by  means  of  a  leather  or  india-rubber  belt, 
and  a  pulley  of  from  4  to  6  in.  in  diameter. 

Among  the  great  variety  of  forms  in  which  these  fans  have  made  their  appearance,  one,  shown 
in  Fig.  816,  is  worthy  of  notice.  The  wings  of  this  fan  are  encased  in  a  separate-  U,x :  a  wheel  i» 
thus  formed,  which  rotates  in  the  outer  box.  818< 

Fig.  816  shows  a  horizontal  section  through 
the  axis.  The  wings  are  thus  connected, 
and  form  a  closed  wheel,  in  which  the  air 
is  whirled  round,  and  thrown  out  at  the 
periphery.  The  inner  case,  which  revolves 
with  the  wings,  is  to  be  fitted  as  closely  as 
possible  to  the  outer  case,  at  the  centre  near 


a,  a,  a,  a;  for  no  packing  can,  in  this  case, 
be  applied,  and  there  is  a  liability  of  losing 
blast  if  the  two  circles  do  not  fit  well. 

As  the  building  of  this  apparatus  re- 
ceives much  attention  in  machine  shops, 
and  as  the  leading  principles  involved  in 
its  construction  are  very  little  known,  we 
shall  designate  such  points  as  may  be 
deemed  of  great  importance  by  those  who  manufacture  fans,  which  is  frequently  the  lot  of  the 
iron  manufacturer  himself.  The  outward  case  should  be  strong  and  heavy ;  and  the  interior 
machinery,  which  revolves,  as  light  as  possible.  For  this  reason  it  should  be  made  of  the  beat 
wrought  iron,  or,  what  is  preferable,  of  steel.  Four  wings  produce  quite  as  much  effect  as  a  greater 
number.  It  is,  therefore,  useless  to  exceed  that  number.  The  greatest  attention  must  be  paid  to 
the  gudgeons  and  pans ;  it  is  advisable  to  make  both  of  steel,  or,  better  still,  to  run  the  two  ends 
of  the  shaft  in  steel  points.  The  wings  ore-to  be  exactly  at  equal  distances,  and  of  equal  weight ; 
otherwise  the  strongest  case  will  be  shaken.  The  surface  of  each  of  the  wings  should  be  at  least 
twice  as  large  as  the  opening  of  the  nozzle  at  the  blowpipe. 

The  pressure  of  the  blast  from  a  fan  is  proportional  to  the  square  of  the  speed  of  the  wintrt, 
with  a  given  diameter  of  the  fan.  The  pressure  gains  simply  in  the  ratio  of  the  diameter,  or  f,  • 
provided  there  is  the  same  number  of  revolutions.  The  increase  of  speed  is  in  the  ratio  of  the 
increase  of  the  radius.  The  pressure  in  the  blast  is  produced  by  centrifugal  force.  The  atom* 
of  air,  after  being  whirled  round  by  the  wings,  are  thrown  out  at  their  periphery  by  a  force 
equal  to  the  centrifugal  force  resulting  from  the  speed  of  the  wings.  This  centrifugal  force  may 

•  be  simply  expressed  by  - —  ;  c  is  the  speed  in  feet  per  second ;  g  the  speed  of  gravitation  in  the 

first  second ;  and  r  the  radius  of  the  fan.    According  to  this,  the  effects  of  a  fan  ought  to  be  far 
greater  than  they  actually  are;  therefore  a  remarkable  loss  of  power  numt  take  j.htce  in  these 
machines.    It  is  thus  very  clear  that  the  increase  of  diameter  augments  the  effect  of  the  ma>- 
in  a  numerical  proportion,  while  an  increase  of  revolutions  add*  to  tin-  <  iV.-et  in  th.-  pn>|>nrtinn  of 
the  square.    l(  is  also  very  clear  that  an  increased  diameter  greatly  UHTIIUM-M  ti..-  frn-tino,  whi 
the  increase  of  speed  does  not  augment  it  in  the  least.     The  frietion.  in  theee  machine*,  is  the 
greatest  objection  to  their  use ;  therefore  the  movable  parts  should  be  as  light  as  possible.    Fric- 
tion increases  in  the  ratio  of  the  weight,  where  the  material*  nro  the  same,  Imt  not  will 
augmentation  of  speed,  at  least,  not  in  the  same  ratio.    From  practical  observation,  the  f. 
formula  has  been  deduced,  in  which  «  is  the  speed  of  the  fun.  that  is  to  say,  it  represent* 
number  of  feet  which  the  wings  make  in  a  second;  6,  the  Mirfmv  of  the  noxxle;  r,  the  son* 
of  a  wing ;  and  d,  the  velocity  of  the  escaping  blast.    Thia  formula  wo  conceive  to  be  the  proper 

dimensions  of  a  fan :  d  =  (-73)  x .    Bee  CENTRIFUGAL  PCMP. 

Gwynne  and  Co.'s  improved  combined  steam  gas-exhauster  and  air-Mower,  shown  in  Fijrm.  817 
to  821,  is  a  design  of  one  constructed  to  pass  from  10,000  to  12,000  cub.  ft.  an  hour, 
exhausters  can  be  constructed  to  any  capacity  .that  may  bo  required.    On  Fipi. 
the  case,  C  the  spindle,  D  the  bed-plate.  K  Mi.-tion-pip.-.  F  .liHrhargc-pipe,O  *t 
H  H  slides  to  piston,  I  steam-cylinder,  K  slide-jacket,  L  diec,  M  piston-rod,  N  connecting-rod,  O 
eccentric-rod,  P  steam  exhaust-pipe. 

This  blower  is  composed  of  an  outer  casing  or  cylinder  R  fitted  with  top  and 
of  which  plates  is  constructed  with  a  stufling-lx>x  nixl  gland,  through  WUttl  pn.« 
on  which  is  firmly  fixed  an  inner  cylinder.  d,.tt,-l  in  the  figure*.    This  inner  rjlir 
throug.i  the  centre,  which  slot  is  fitted  with  two  .sliding  pint™  or  pinton*  made  air-tight 
and  working  air-tight  against  the  inner  periphery  of  the  outer  gBMir.  ^.u..^,.  t~M— 

The  two  cylinders,  as  shown  in  the  figures,  are  set  eccentrically  to  each  ot 
of  the  inner  cylinder  touches  the  bottom  of  the  outer  rylimli  r. 
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When  the  spindle  C  is  set  in  motion  by  the  steam-engine  or  other  method,  as  may  ho  arranged, 
the  elides  continue  to  pass  in  and  out,  and  thereby  take  up  the  air  or  gas  which  enters  through  the 
pipe  E  and  is  expelled  through  the  pipe  P. 

The  machine  is  fixed  to  a  firm  cast-iron  bed-plate,  so  as  to  be  perfectly  portable ;  and  combining 
in  itself  its  own  motive-power,  it  requires  little  or  no  foundation. 

These  blowers  have  been  applied  most  successfully  to  gas-works  and  mining  purposes,  and  may 
be  constructed  to  work  up  to  considerable  pressure,  if  required.  One  of  these  exhausters  is  being 
very  successfully  worked  by  the  Llanelly  Gas  Company. 

Figs.  817,  818,  819,  show  the  above-specified  arrangement. 

Figs.  820,  821,  illustrate  an  arrangement  to  be  driven  by  a  strap  or  by  hand-power. 


817. 


BLOWING  MACHINE. 


379 


819. 


820. 


rr'J  I  . . .     V 


821. 
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BLOW-OFF  COCK.     FR.,  Robinet  de  vidanje ;  GEE.,  Ausblashahn ;  ITAL.,  Chiave  di  sfogo. 

See  DETAILS  OF  KN 

BLOWPIPE.  Fa.,  Chalumcau;  GER.,  LBthrohr;  ITAL.,  Tuba  ferrumintorio ;  SPAN., 
Canutillo. 

See  ASSAYING.    OXY-HYDROGEN  BLOWPIPE. 

BOARD.     FR.,  Plunche ;  GER.,  Brett ;  ITAL.,  Tavola ;  SPAN.,  Tabla. 

Board,  or  piece. — Timber  cut  into  thin  slabs  less  than  2i  in.  in  thickness  and  more  than  4  in. 
wide  are  called  boards.  The  term  is  usually  applied  to  fir  and  elm,  while  the  same  thickness  of 
oak,  mahogany,  and  so  on,  is  generally  called  plunk. 

IWrds  cut  from  7-in.  stuff  are  called  batten-boards,  from  9-in.  stuff  deal -boards, 
and  from  11-in.  stuff  plank-boards. 

Fir  boards  1}  in.  thick  are  called  whole  deal,  and  tKose  which  are  full  half-an- 
inch  thick  are  called  slit  deal.    Boards,  Fig.  822,  which  are  thinner  on  one  edge  than  the  other 
are  called  feather-edge  boards. 

BOARD  AND  BRACE  WORK.  FR.,  Lier  Pmpanon  avec  fareticr;  GER.,  Vcrbindung  der 
Halbsparren  mit  den  Walmsparren  ;  ITAL.,  Commettitura  a  canale  e  tavola  sottile. 

This  work  consists,    Fig.  823,  of   boards   with  823 

grooved  edges,  into  which  thinner  boards  are  inserted. 

BOARDING.      FR.,  Planchtiage ;   GEE.,  Bretter-                              •••••^•ll  !•• 

verschlag,  Bretteruxind ;  ITAL.,  Tacolato.  ,       _  ,'J  '      ~~ ~       i 

Boarding.  —  This  is  a  general  term  for  various 
kinds  of  work  to  which  boards  are  applied,  as  gutter- 
boarding,  slate-hoarding,  weather-boarding,  sound-boarding,  and  so  on. 

BOARDING  -  JOISTS.  FB.,  Soliveaux;  GER.,  Dielenlager,  Polsterhoh ;  ITAL..  Tract  del 
palco. 

See  JOISTS. 

BOASTING.    FR..  Ebaucher;  GEB.,  Eoh-Behauen ;  ITAL.,  Sbozzare. 

Boasting,  in  stone-cutting,  is  paring  the  stone  with  a  broad  chisel  and  mallet,  so  as  to  leave 
regular  marks  like  ribbands  or  small  chequers.  It  is  also  applied  to  a  margin-draught  round  the 
edges  of  the  stone  in  hammer-dressed  work. 

BODY-PLAN.     FR.,  Section  verticale ;  GER.,  Spantenrisz ;  ITAL.,  Proiezione  verticale, 

In  ship-building,  the  body-plan,  Fig.  824,  is  descriptive  of  the  largest  vertical  and  athwart- 
ship  section  of  a  ship.  This  plan  fixes  by  orthographic  projection  the  heights  and  widths  of  the 
principal  lines  of  a  ship. 

The  orthographic  projection  is  that  projection  which  is  made  by  drawing  lines  from  every  point 
to  be  projected  perpendicular  to  the  plane  of  projection. 

A  horizontal  line  supposed  to  be  drawn  about  a  ship's  bottom  at  the  surface  of  the  water  is 
called  the  water-line,  which  is  higher  or  lower  according  to  the  depth  of  water  necessary  to  float 
the  vessel ;  light  water-line,  the  lowest  water-line,  or  that  of  a  vessel  when  unloaded ;  load  water- 
line,  the  highest  water-line,  or  that  of  a  loaded  vessel. 

The  sheer-plan  is  an  orthographic  projection  of  the  lines  of  a  ship  on  a  vertical  longitudinal 
plane  passing  through  the  middle  line  of  the  vessel. 

Body-plan,  sheer-plan,  and  half-breadth  plan,  are  on  sectional  planes  supposed  to  pass  through,  at 
right  angles  to  each  other,  the  largest  portions  of  the  principal  dimensions  of  the  ship.  The  half- 
breadth  plan  is  descriptive  of  half  the  widest  and  longest  level  section  in  the  ship.  This  plane  is 
a  horizontal  one  passing  through  the  length  of  the  ship  at  the  height  of  the  greatest  breadth.  On 
this  plane  the  position  of  any  point  in  the  vessel  may  be  fixed  by  orthographic  projection,  as  to 
width  and  length.  The  three  planes  on  which  the  projections  are  established  are  rectangular 
co-ordinate  planes  passing  through  the  centre  of  the  vessel;  the  three  perpendicular  lines  which 
transfer  any  given  point  to  each  of  these  planes  are  termed  the  co-ordinates  of  that  point.  Naval 
architects.  John  Scott  Russell  excepted,  lay  down  the  lines  of  a  ship  on  the  three  co-ordinate  planes 
by  a  good  old  rule,  called  the  rule-of-thumb,  which  has  not  as  yet  been  submitted  to  mathematical 
investigation. 

In  passing,  it  may  be  necessary  to  remark  that  one  naval  architect,  J.  W.  Griffiths,  works  from 
a  model  which  he  whittles  out  of  a  piece  of  soft  wood,  by  the  good  old  rule  before  named.  Upon 
this  system  Griffiths  has  written  a  large  work. 

Scott  Russell  lays  down  the  lines  of  a  ship  by  well-defined  laws,  which  he  establishes  by 
abstract  reasoning  and  experiment. 

Russell  is  a  great  performer  as  well  as  a  great  thinker ;  he  stands  out  in  bold  relief  from 
among  the  great  men  of  the  extraordinary  time  in  which  we  live.  We  give  from  his  great  work  on 
Naval  Architecture  his  method  of  laying  down  the  lines  of  a  ship,  on  what  he  terms  the  compound 
wave-principle.  Scott  Russell  says : — 

I  will  begin  by  taking  the  easiest  problem  which  can  ever  be  submitted  to  the  constructor  of 
a  ship.  I  will  suppose  a  case,  which  very  frequently  occurs  in  practice,  that  a  certain  length 
of  ship  is  to  be  built — a  certain  breadth  is  given — a  certain  deepest  draught  of  water  and  a 
certain  lightest  draught  of  water,  and  that  these  are  about  the  ordinary  proportions  of  a  ship ; — 
that  no  particular  weight  is  to  be  carried,  or  work  to  be  done,  beyond  sailing  well,  or  steaming  at 
a  moderate  speed,  and  that  the  purpose  to  be  served  is  a  fair,  common  mercantile  trade,  such  as 
ordinary  vessels  will  moderately  well  perform; — and  I  will  take  for  granted  that  the  owner 
expects  from  the  naval  architect,  what  he  may  reasonably  expect  from  a  man  of  science  and  skill, 
that  his  vessel  will  be  somewhat  faster,  easier,  safer,  and  more  economical,  and  therefore  some- 
what more  valuable,  than  a  vessel  built,  without  design  or  calculation,  by  an  unskilled  man. 
This  is  a  task  of  the  most  ordinary  kind  to  the  naval  architect. 

There  are  two  ways  in  which  he  may  set  about  building  his  vessel :  he  may  either  take  the 
model  of  the  vessel,  which  is  already  the  best  that  has  been  applied  to  the  trade  in  question,  and 
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improve  upon  her;  or  he  may  at  once  throw  all  precedent  overboard,  and  give  his  employer  ar 
entirely  new  design      The  undertaking  then  will  speedily  shape  itself  as  follows  :-HU  Utr  -" ," 
length  and  extreme  breadth  being  given,  he  may  determine  a  midship  section,  such  aa  will  . 
him  the  requisite  carrying-power,  with  good  sea-going  qualities.     Next.   !„•  will  determine 
water-line  which  will  give  the  highest  speed  and  least  resistance  of  which  that  length  admit*  • 
or  he  may  decide  to  fit  her  for  a  given  speed  only,  and  adopt  a  water-line  of  greater  catwritv  lit 
for  that  slower  speed.     Thirdly,  he  will  adopt  a  convenient  form  of  deck,  for  the  use  and  imvi 
gation  of  the  ship;  and  on  these  principal  points  he  will  fill  in,  what  I  will  call  "a  nk»-K-t,..|. 
design,"  and  frame  an  approximate  calculation  of  the  qualities  of  the  ship,  which  we  will  also  caii 
"  the  skeleton  calculation." 

To  Construct  the  Midship  Section.— It  is  in  the  choice  of  midship  section  that  the  naval  archit.-ot 
is  left  free  to  exercise,  with  the  greatest  liberty,  his  own  absolute  judgment.  In  the  wati-r-lin« 
he  has  little  or  no  choice ;  Nature  has  fixed  that  for  him.  If  he  meddle  with  it,  he  shows  hia 
ignorance  or  presumption,  and  Nature  sends  her  due  punishment,  by  refusing  to  deal  kindly  with 
the  spoilt  water-line;  but  the  midship  section  he  may  vary  to  his  heart's  content.  He  may  give 
the  ship  every  sort  of  quality  by  choosing  it  ill  or  well ;  and  with  a  given  water-line  he  BUT 
produce  all  sorts  of  ships. 

To  illustrate  this  latitude  of  choice,  and  to  follow  out  the  consequences  which  arise  from  each 
kind  of  choice,  I  will  take  three  midship  sections,  and  carry  them  through  all  the  stages  of  design 
to  their  ultimate  consequence;  and  I  will  further  suppose  it  necessary  that  they  should  all  hu\c 
the  greatest  speed  the  length  will  allow. 

The  first  of  these  sections  is  to  carry  extremely  little  cargo,  to  have  little  room,  but  to  go  as 
fast  as  she  can  be  made  to  go  with  all  the  sail  and  steam-jxjwer  she  can  carry.  These  are  the 
practical  conditions  of  the  yacht  or  the  cruiser,  the  opium  clipper  or  the  privateer.  What  such  a 
vessel  requires  can  readily  be  contrived,  for  the  conditions  given  make  the  midship  section,  and 
leave  very  little  to  the  choice  of  the  constructor.  Such  a  ship  must  be  all  shoulder  and  keel, 
and  nothing  else; — she  will  be  like  a  racehorse,  lanky  and  leggy:  by  being  all  shoulder,  with 
very  little  under-water  body  to  carry,  she  will  possess  the  maximum  of  power  with  the  minimum 
of  weight ; — her  fault  will  be,  that  she  must  have  an  enormous  keel,  to  prevent  her  from  ^ 
leeward;  and  this  great  mass  of  dead  wood,  or  of  solid  iron  keel,  exposes  a  large  surface  t<>  tlm 
adhesion  and  friction  of  the  water.  Nevertheless,  it  is  the  form  of  greatest  power  with  least 
weight.  The  bottom  of  this  midship  section  may  be  formed  in  two  ways, — it  may  either  be  made 
elliptical,  to  have  a  minimum  of  skin  for  adhesion,  and  be  reconciled  to  this  deep  keel  by  two 
hollow  curves ;  or  it  may  be  reconciled  to  the  keel  by  a  long  wedge-bottom.  I  prefer  the  elliptical 
bottom  for  iron  ships;  but  the  other,  or  peg-top  shape,  has  been  much  used  in  wooden  one*. 
See  Figs.  824,  825,  826. 

I  will  next  suppose  that  the  capacity,  thus  got,  is  too  small  for  carrying  remunerative  cargo, 
and  that  a  cargo  hold,  of  a  capacity  more  usual  with  mercantile  vessels,  is  required ;  in  that  case 
I  keep  the  same  shoulders,  and  give  a  larger  under-water  body.  See  Figs.  827,  828,  829. 

I  will  now  take  a  third  design.  The  ship  is  to  carry  as  much  as  is  not  inconsistent  with  good 
sea-going  qualities ;  and  she  is  to  have  room,  also,  for  boilers  and  machinery  of  considerable  power. 
This  requires  her  sides  to  be  nearly  upright,  her  bottom  dead  flat  amidships,  with  only  BO  much 
off  her  bilges  as  will  not  be  inconsistent  with  what  she  is  to  receive  inside.  This  the  form  and 
arrangement  of  her  boilers  and  machinery  will  generally  determine,  and  the  boilers  and  machinery 
in  such  a  vessel  should  be  treated  as  ballast,  and  kept  low.  See  Figs.  830,  831,  832. 

In  regard  to  these  three  midship  sections,  it  is  to  be  noticed,  that  they  are  prescribed  in  some 
measure  by  the  uses  of  the  ship ;  but  the  forms  1  have  mentioned  come  entirely  from  the  judgment 
of  the  constructor,  and  whether  they  have  been  wisely  or  injudiciously  selected,  must  be  judged  of 
after  the  calculations  have  been  made  of  the  various  qualities  to  which  they  give  rise. 

But  there  are  one  or  two  points  which  occur  to  a  constructor,  at  the  first  glance  at  thew  form* 
of  under-water  body.  It  is  plain,  the  first  is  easiest,  and  the  last  hardest,  to  drive.  It  would 
require  much  more  sail  to  drive  the  two  last,  than  the  first ;  and  it  is  equally  plain,  that  the  first 
is  much  better  able  to  carry  sail  than  the  last.  The  area  of  midship  M.-tinn  <>f  uml.-r-water 
body  is  the  thing  to  be  driven;  the  area  of  the  sail  is  the  dlMaHOWCr:  Imt  tin-  jx.\\,  r  <>f  the 
shoulders  to  carry  the  sail  upright  limits  the  quantity  of  sail  the  shin  can  carry.  The  bulk 
of  the  under-water  body  brings  with  it  two  evils,— resistance  to  being  driven  through  the  water, 
and  under-water  buoyancy  tending  to  upset  the  ship. 

It  is  plain,  from  these  considerations,  that  the  first  shape  is  suited  for  a  fast  ship  under  Mil 
alone,  the  last  is  suited  for  a  fast  ship  under  steam  alone,  and  the  middle  form  may  do  for  a 
moderate  quantity  of  both- for  what  is  called  "the  mixed  system." 

Of  these  three  vessels  we  may  also  form  the  following  augury.  l>cforc  procooding  to  precise  « 
lation.   The  first  ship  may  be  powerful,  weatherly,  lively,  and  fast.   The  last  vessel  may  be  tenda 
easy,  sluggish,  and  roomy.    By  a  proper  mixture,  we  may  obtain,  in  the  int. -i mediate  vessel,  any 
compromise  among  these  qualities  for  which  we  have  a  fancy.    In  thin  choi.v  there  ia  ample 
room  for  the  display  of  skill  and  the  exercise  of  judgment;   but  it  will  be  flrtt  noce* 
complete  our  skeleton  design  and  our  trial  calculations. 

We  have  said  nothing  as  yet.  about  the  parts  of  midship  section  above  water;  hot 
noticed,  that  these  grow  naturally  out  of  the  form  adopted  under  water;  and  it  will 
that  we  have  proportioned  the  above-water  body  to  the  timi.  r-watcr  body.    The  objeci 
to  give  adequate  lifting-power  in  a  sea-way,  in  proportion  to  the  heavier  undei 
of  this  we  shall  have  more  to  say. 

In  three  designs,  the  midship  section  (so-called)  is  far  from  being  actually  amid« 
placed  at  the  point  of  greatest  breadth,  or  nearer  the  ukra  than  tho  bow,  m  the  proper 
4toG. 
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To  Construct  the  Chief  Water-line. — For  the  side-view  of  a  ship,  or  vertical  section,  draw  a 
horizontal  line,  representing  her  whole  length  at  the  main,  water-line,  and  erect  at  the  ends  of  it 
two  perpendiculars.  This  line  I  shall  call  henceforth  the  length  of  the  ship,  the  length  between  the 
perpendiculars,  or  the  construction  length.  These  perpendiculars,  also,  are  to  be  ruling  elements  of 
construction,  and  will  be  called  the  perpendiculars.  Divide  the  length  between  the  perpendiculars 
into  ten  equal  parts ;  take  four  of  these  abaft  for  the  length  of  the  run,  and  six  of  these  forward 
for  the  length  of  the  entrance.  Describe  a  semicircle  on  each  half  of  the  chief  breadth.  Divide 
the  length  of  entrance  and  this  semicircle  into  any.  the  same  number,  of  equal  parts ;  the  distance 
of  the  water-line  from  the  centre-line,  opposite  each  division  in  length  of  the  entrance,  will  be  the 
distance  of  each  corresponding  division  of  the  semicircle  from  the  same  centre-line,  and  a  line 
through  all  the  points  thus  found  will  be  the  true  wave  water-line  of  the  bow.  The  water-line  of 
the  run  will  be  different  from  this  in  one  respect  only, — it  will  be  necessary  to  draw  parallel  lines 
to  the  centre-line  through  each  of  these  divisions  of  the  semicircle,  which  it  may  be  convenient  to 
call  the  semicircle  of  construction,  as  shown  in  Figs.  826,  829,  832.  On  each  of  these  lines  points 
may  be  found,  just  as  if  it  were  a  bow-line.  These  lines  must  be  prolonged  aft  beyond  the  points 
thus  found  to  a  distance  equal  to  that  part  of  the  line  intercepted  between  the  semicircle  of 
construction  and  the  main  breadth.  The  last-found  points  in  the  parallel  lines  give  the  line 
of  main  breadth. 

Thus  we  have  formed  the  chief  water-line  of  the  bow  and  of  the  stern,  or  the  lines  of  entrance 
and  of  run  for  the  greatest  speed  which  the  given  length  will  admit.  The  lines  thus  given  are 
absolute,  and  will  admit  of  no  deviation  without  some  loss.  Nevertheless,  some  modification  in 
the  application  of  these  lines  may  be  admitted  as  expedient,  and  one  of  them  is  obvious.  It  will 
be  seen  that  the  point  of  the  bow  is  so  extremely  sharp,  that  it  would  be  in  continual  danger  of 
cutting  everything  which  it  touched,  and,  being  as  fine  as  a  razor,  would  run  risk  of  being  crushed 
by  rough  usage.  The  stem  also,  for  the  rough  work  of  a  ship,  must  be  of  a  considerable  thickness ; 
and  the  practical  question  at  once  arises:  How  shall  we  alter  the  line  at  the  bow  to  get  this 
thickness  ?  Shall  we  cut  the  fine  part  off,  and  shorten  the  vessel  ?  To  this  the  answer  is,  that  if 
you  do,  the  vessel  will  have  become  too  short  for  the  length  settled.  The  way  I  use,  is  to  draw 
the  bow  to  a  few  feet  longer  than  I  intend  to  retain,  and  then  to  cut  off  the  excessive  length  of 
this  water-line  to  the  exact  length  that  I  want  to  keep.  I  thus  find  a  thickness  of  a  few  inches 
remaining  between  the  two  sides  of  the  water-line,  which  is  just  thick  enough  for  the  materials  of 
the  stem :  by  this  means  I  get  the  extreme  length  I  require,  and  I  also  get  the  strength  of  stem, 
which  is  necessary  for  durability  and  bad  usage ;  and  it  will  be  noticed  that  the  bow,  which  I  thus 
gain,  is  of  slightly  greater  capacity  than  the  first  attenuated  line.  This  I  call,  therefore,  the 
corrected  water-line  of  the  bow.  No  such  adjustment  is  necessary  at  the  stern :  it  is  enough  there  to 
insert  the  stern-post,  simply  by  increasing  the  breadth  between  the  lines  to  admit  the  thickness  of 
the  stern-post, — a  deviation  insufficient  to  cause  a  sensible  difference  in  the  performance  of  the 
ship. 

There  is  another  modification  of  these  water-lines  of  the  fore-and-after  bodies,  which  may 
require  further  consideration.  We  have  put  both  entrance  and  run  in  the  same  plane,  with  the 
intention  of  leaving  them  so  in  the  construction  of  the  ship ;  but  this  is  only  our  first  intention, 
and  we  must  be  prepared  afterwards,  on  good  reason  shown,  to  change  it.  The  main  water-line 
may  require  to  go  lower  or  higher  in  the  vessel  than  we  now  propose,  and  the  after-part  of  it  may 
have  to  go  higher  or  lower  than  the  fore-part,  in  order  to  gain  some  advantage ;  but  we  shall  effect 
this  change,  if  necessary,  without  in  any  way  altering  the  character  of  the  line  already  drawn : 
we  shall  only  alter  the  height  at  which  it  should  be  placed,  and  that  we  shall  not  do  unless 
required. 

The  Sheer-plan. — This  gives  the  entire  outline  of  the  ship,  as  we  look  at  her  sideways,  Figs.  825, 
828,  831.  The  top  line,  or  upper  boundary,  is  the  line  of  her  deck  or  bulwark,  or,  in  short,  the 
top  of  the  ship,  which  must  be  laid  down  in  order  to  construct  the  chief  buttock-line  in  section  (4) ; 
the  bottom  is  the  line  of  her  keel ;  the  front  is  the  line  of  her  stem,  or  cutwater ;  and  the  after-part 
is  the  line  of  her  stern-post. 

I  begin  with  the  stem.  I  make  that  line  follow  the  form  of  the  chief  buttock-line,  and 
gradually  grow  out  of  it.  This  ought  to  be  so,  because  buttock-lines  bound  equal  thicknesses  of 
the  ship,  and  a  stem  is  merely  a  thin  slice  of  the  ship,  and  therefore  follows  one  of  the  buttock- 
lines.  As  a  matter  of  beauty  and  of  reason,  therefore,  it  must  be  made  a  buttock-line,  in  order 
that  its  outline  may  harmonize  with  the  general  form. 

The  form  of  the  stem,  therefore,  will  depend  on  the  decision  taken  with  regard  to  the  deck-line 
and  the  buttock-line.  If  the  deck-line  be  kept  well  aft,  so  that  the  main  buttock-line  tumbles 
home,  the  stem  above  the  water  will  be  curved  backwards,  and  so  be  in  unison  with  the  tumble- 
home  bow;  and  it  will  be  the  contrary,  if  the  fashionable  clipper-bow  be  adopted.  Above  the 
water,  however,  the  mere  form  of  the  stem  itself  is  a  matter,  to  some  considerable  extent,  of  taste 
or  fancy.  If  the  general  character  of  the  bow  give  good  buttock-lines,  it  will  not  much  matter 
whether  the  stem  to  which  they  are  joined  curve  out  or  in,  except  that  it  will  be  always  moro 
comely  that  the  stem  should  harmonize  with  the  character  of  the  bow,  of  which  it  forms  a 
conspicuous  outline.  Men  who  hesitate  to  give  it  a  decided  character,  express  their  imbecility  by 
leaving  it  perpendicular. 

Below  the  water,  on  the  contrary,  the  form  of  the  bow  is  of  the  greatest  practical  value.  It 
has  long  been  usual  in  this  country  to  carry  the  stem  down  to  an  angle  with  the  keel,  to  continue 
the  keel  far  forward  to  meet  the  stem,  and  so  form  what  is  called  the  fore-foot  of  the  ship,  giving  it 
a  great  gripe,  or  hold,  of  the  water.  This  gripe  and  fore-foot  have  every  bad  quality, — being  weak 
in  structure,  and  making  the  vessel  hard  to  steer.  I  systematically  cut  it  all  off,  following  the 
shape  of  the  other  buttock-lines;  and,  further,  I  carry  this  rounding  a  great  way  back, — perhaps 
to  one-sixth  of  the  whole  length  of  the  ship.  By  this  I  not  only  diminish  the  fore-gripe  and  ease 
the  steerage,  but  I  keep  the  stem  and  the  fore-foot  out  of  harm's  way ;  and  I  have  often  known 
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this  both  to  save  repairs  and  to  contribute  to  the  safety  of  the  ship.  When  turning  round  in 
narrow  channels,  when  steering  in  intricate  or  shallow  waters,  or  performing  evolutions  under 
difficult  circumstances,  the  fact  that  there  is  no  thin,  protruding  part  near  the  bottom,  to  touch  or 
strike  the  ground,  to  be  broken  off,  or  to  impede  or  alter  the  movement  or  direction  of  the  ship,  is 
often  of  the  very  highest  consequence.  By  a  gentle  curve  at  the  stem,  therefore,  I  keep  the  fore- 
keel  and  the  fore-foot  out  of  harm's  way ;  and  I  generally  do  the  same  at  the  stem,  where  deed 
wood  can  be  spared.  By  curving  the  after-part  of  the  keel  upwards,  like  the  stem,  we  may  often 
save  both  keel  and  rudder,  and  we  certainly  facilitate  the  ship's  coming  round.  Of  course  it  is 
done  to  a  much  less  extent  at  the  stern,  as  several  feet  of  gripe  at  the  bow  will  correspond  with  a 
few  inches  of  trim  by  the  stern. 

But,  while  I  thus  curve  the  keel  and  fore-foot,  I  keep  the  whole  central  part  of  the  keel 
perfectly  straight,  but  for  no  other  purpose  than  to  be  able  to  support  the  middle  of  the  ship  on 
blocks  in  the  dock.  This  is  an  obvious  necessity,  for  otherwise  the  keel  would  rest  only  on  points, 
instead  of  being  uniformly  supported ;  and  in  the  dock  it  is  rather  an  advantage  than  otherwise, 
that  the  two  ends  of  the  ship  should  not  be  borne  by  the  blocks,  unless  they  should  require  special 
repairs,  for  which  purpose  they  must  be  propped  up  when  needful. 

We  have  as  yet  said  nothing  about  the  inclination  of  the  keel.  It  is  not  necessary  that  it 
should  be  parallel  to  the  water-line,  except  where  there  is  a  narrow  limit  to  the  extreme  draught 
of  water,  in  which  case  the  keel  should  be  parallel  to  the  load  water-line :  in  most  other  cases  it 
should  incline  downwards  at  the  stem,  so  as  to  draw  more  water  abaft  than  forward.  In  the  ease 
of  screw-steamers  of  large  power,  it  is  imperative  to  have  this  draught,  in  order  to  get  the  screw 
sufficiently  large  and  sufficiently  under  water  for  effective  power ;  and  further,  it  is  convenient,  in 
sailing  vessels,  to  be  able  to  carry  a  large  sail  area  on  the  after-part  of  the  ship,  for  which  greater 
depth  of  keel  aft  than  forward  affords  the  necessary  facility.  It  is  convenient  frequently,  for  the 
same  purposes,  that  a  vessel,  when  light,  should  draw  very  much  more  water  aft  than  forward,  and 
that  her  lading  should  bring  her  down  gradually  to  even  keel.  It  is  usual  to  call  this  greater 
draught  aft  than  forward,  technically,  the  difference  of  the  ship ;  and  ii  is  reckoned  a  main  element 
in  her  trim. 

Another  element  in  the  sheer-plan  is  the  rake  of  the  stern-post,  and  this  also  is  a  matter  in  whioh 
great  licence  can  be  allowed  to  the  constructor,  as  it  affords  him  great  resources,  out  of  which  to 
further  the  uses  of  his  ship.  He  may  either  plant  his  stern-post  straight  up  and  down,  so  as 
to  make  the  rudder  pivot  fairly ;  or  he  may  throw  the  head  of  the  rudder  back  behind  the  perpen- 
dicular, at  an  angle ;  or  he  may  throw  the  heel  of  the  rudder  forward  of  the  perpendicular :  iiulct-d, 
he  may  make  the  line  of  the  rudder  cross  the  perpendicular  at  any  angle  he  may  choose.  In  the 
first  case,  he  will  maintain  the  balance  of  his  original  draught.  In  the  second  case,  he  will  extend 
the  dead  wood  and  increase  the  lateral  resistance  of  the  ship  to  leeward  1  mess.  In  the  third  case, 
he  will  diminish  the  lateral  resistance,  but  increase  handiness.  In  every  intermediate  degree 
between  these  two,  he  will  gain  one  of  these  qualities  at  the  sacrifice  of  the  other. 

The  effect  of  this  inclination  on  the  rudder  itself  must  not,  however,  be  forgotten.  The  incli- 
nation of  a  rudder  increases  its  power  to  turn  the  ship,  but  it  also  increases  the  resistance  which 
the  application  of  rudder  offers  in  every  degree  to  the  progress  of  the  ship  through  the  water.  The 
action  of  the  rudder,  as  has  been  already  stated,  is  of  the  nature  of  a  hindrance  to  one  side  of  the 
ship,  so  as  to  allow  the  other  side  to  go  forward  with  greater  speed,  and  thus  turning  the  ship; 
but  the  inclination  of  the  rudder-post  has  a  double  effect,  by  which,  when  the  rudder  is  held  ov.  r, 
not  only  is  one  side  of  the  ship  hindered,  but  a  certain  quantity  of  the  water  which  strikes  the 
rudder  is  diverted  upwards  as  well  as  to  one  side.  Nevertheless  I  have  no  hesitation  in  recom- 
mending a  certain  amount  of  rake  of  stern-post  to  be  given  where  very  great  power  of  nuld.  r 
is  wanted. 

Next  after  rake  of  stern-post  comes  the  question  of  rake  of  counter  and  rake  01  stern.  I  am 
in  the  habit  of  allowing  the  buttock-lines  to  decide  for  themselves  the  rake  of  the  counter,  so  that 
when  the  stern  is  deep  in  the  water  the  counter  may  be  a  continuation  of  the  true  form  of  the  ship 
and  of  her  lines.  A  good  counter  of  this  sort  will,  therefore,  help  the  ship,  instead  of  hindering 
it,  especially  when  the  stern  happens  to  be  buried  in  the  waves.  As  to  rake  of  stern,  I  am  not  sore 
that  that  is  more  than  matter  of  fancy :  excepting  for  convenience,  it  is  better  that  the  stern 
should  rake  outwards,  than  that  it  should  tumble  home ;  and  even  the  Americans,  who  have 
extremely  small  sterns,  always  give  them  some  rake. 

We  have  not  yet  done  with  the  sheer-plan.    The  upper  bounding-plan,  or  that  which  appears 
to  the  eye  to  finish  the  ship  above,  is  called  the  shecr4ine    This  also  has  been  called  matU- 
taste  merely ;  but  some  points  of  it  have  more  or  less  reason.    It  is  a  matter  of  fact  that,  in  looking 
at  a  ship  the  upper  bounding-line  of  which  is  perfectly  level,  she  is  apt  to  have  the  appearance, 
contrary  to  the  truth,  of  being  rounded  down,— that  is  to  say,  with  a  hump  in  the  middif  and  a 
droop  at  the  ends ;  and  this  is  universally  agreed  to  be  so  ugly,  that  considerable  spring  at  the  b 
and  somewhat  less  spring  at  the  stern,  are  necessary  to  counteract  it.    From  experience  one 
say,  that  in  a  vessel  200  ft.  long  it  requires  about  2  ft.  of  rise  at  the  bow  and  8  in.  at  the  stern  to  make 
her  seem  straight,  and  as  matter  of  beauty  and  custom  this  is  generally  exceeded. 

So  much  for  the  quantity  of  sheer,  or  spring,  to  be  given  fore  and  aft.  The  quality  of  i 
on  the  exact  curve  which  may  be  adopted  for  the  sheer.    I  adopt  a  parabola  as  t 
and  proceed  as  follows.    Dividing  the  vessel  into  ten  equal  parts,  six  forward  and  foi 
forward  successively  1,  4,  9,  16,  25,  and  36  in. ;  and  abaft,  J,  2,  4J,  and  8  in. 
spring  of  3  ft.  forward  and  of  8  in.  aft,  and  makes  the  bow  28  in.  hi^-hrr  out  of  the  i 
the  stern.    This  proportion  will  serve  very  well  from  200  ft.  long  up  to  700  ft.,  as  the  It 
does  not  require  an  increasing  spring;  but  for  smaller  vessels  than  200  ft.  these  qnai 
be  in  excess.    Nevertheless  it  is  to  be  observed  that,  even  in  very  small  vessels,  Pupr™ 
low  on  the  water,  a  considerable  spring  forward  is  useful  to  keep  them  dry. 
onininn  that  there  would  not  be  much  harm  in  extending  my  proportions,  given  al  >re,  lo 
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siderably  smaller  size  of  vessel  than  I  have  stated.  However,  it  is  not  a  matter  on  which  there  ia 
anything  dogmatic  to  be  said. 

The  sheer-lino  ia  important  in  its  structure  thua  fhr.  that  it  is  usual  to  make  the  planking  of 
the  upper  part  of  the  ship,  the  line  of  ports,  and  the  lines  of  the  decks,  follow  the  line  of  sheer : 
I  say,  u.tHul  ;  but  I  have  found  it  very  convenient  and  useful  to  deviate  from  this  practice,  and  to 
make  the  decks  follow  any  line  that  may  be  convenient  for  the  internal  arrangements.  For 
example: — where  I  have  wanted  to  obtain  a  large  and  roomy  forecastle  without  deforming  the 
vessel  by  raising  this  forecastle  above  the  bulwarks,  I  have  obtained  it  by  running  the  line  of  the 
deck  straight  forward  on  the  level,  and  so  following  the  level  of  the  water-line,  instead  of  the  sheer 
of  the  bulwark.  In  this  way,  the  height  of  the  top  of  the  bulwark  above  the  deck,  which  amidol  i  i  ]  -s 
might  be  5  ft.,  might  become  8  ft.  at  the  stem ;  and  I  am  not  aware  of  any  practical  inconvenience 
arising  from  this,  which  is  not  much  more  than  compensated  by  strength  and  usefulness. 

To  Construct  the  Chief  Vertical  Longitudinal  Section,  or  Buttock-line. — In  the  construction  of  this 
line  there  is  much  room  for  judgment ;  for,  although  it  can  hardly  be  said  to  possess  such  remark- 
able properties  of  its  own  as  the  water-line  and  midship  section,  it  has  the  power  of  either  increasing 
the  good  qualities  or  aggravating  the  evils  which  the  ship  will  derive  from  those  two  primary  lines. 
It  is  only  secondary  in  importance  to  these ;  because  by  its  means  all  the  possible  good  springing 
from  the  others  may  be  favourably  developed,  marred,  or  neutralized.  It  happens  also  that  this 
has  not  heretofore  received  the  attention  and  study  it  deserves ;  in  most  designs  it  is  not  even  to 
be  found.  In  my  belief,  its  good  qualities  tend  materially  to  the  ease,  dryness,  comfort,  and  safety 
of  sea-going  ships.  Inland  and  fresh-water  ships  may  perhaps  neglect  it  with  impunity ;  but  a 
practised  eye  can  detect  in  the  faults  of  this  line  almost  instantaneously  the  bad  sea-going  qualities 
of  a  defective  design. 

I  place  the  chief  buttock-line  in  a  vertical  plane  parallel  to  the  plane  of  the  keel  and  the  perpen- 
diculars, or  central  plane  of  the  ship,  and  at  one-fourth  of  her  breadth  from  this  plane  on  both  sides. 

In  ordinary  ships  this  line  will  be  found  to  be  of  a  most  variable,  vague,  and  nondescript  character. 
I  have  adopted  for  it  the  vertical  line  of  a  sea-wave,  and  I  believe  that  its  conformity  to  that  shape 
has  everything  to  do  with  the  ease  of  the  vessel  at  sea.  The  vertical  section  of  the  common  sea-wave 
is  the  common  cycloid.  This  must  be  elongated^for  a  long,  low  vessel,  and  compressed  for  a  short 
one.  Three  points  through,  which  it  must  pass  have  already  been  determined  by  the  midship 
section,  and  by  the  water-line ;  because,  as  this  line  is  distant  from  the  centre  one-fourth  part  of 
the  breadth,  it  must  cross  those  three  lines  where  they  cross  this  vertical  plane. 

These  three  are,  however,  the  only  points  which  do  not  admit  of  free  choice ;  and  it  remains  a 
part  of  the  skill  of  the  constructor  to  adopt  such  a  cycloid  as  may  consist  with  his  general  design 
and  with  the  use  of  the  ship.  Each  of  the  three  midship  sections,  Figs.  824,  827,  830,  which  I  have 
given,  places  the  bottom  of  the  buttock-line  at  a  different  depth  under  the  water,  and  each  of  the 
three  requires,  a  different  cycloidal  line  to  fit  it.  The  nature  of  this  cycloidal  line  has  been  for  a 
few  centuries  known  to  mathematicians  and  philosophers  as  the  only  line  in  which  a  pendulum  can 
so  swing  that  its  vibrations,  whatever  their  extent,  shall  be  equal-timed.  It  happens  that  there  is 
a  remarkable  analogy,  as  we  have  already  seen,  between  the  swing  of  a  pendulum  and  the  roll  of 
a  ship ;  there  is  an  equally  strong  resemblance  between  the  forces  which  exist  in  a  wave  and  the 
forces  which  act  on  a  pendulum :  the  mathematics  of  a  wave  and  the  mathematics  of  a  cycloidal 
pendulum  are  nearly  identical. 

When  therefore,  says  Kussell,  I  discovered  that  the  forces  which  replace  the  water  in  the  run  of 
a  ship  are  of  the  same  nature  as  the  forces  actuating  a  wind-wave  at  sea  in  the  vertical  position,  I 
naturally  found  in  this  discovery  a  key  to  the  vertical  lines  of  the  after-body  of  a  ship ;  and  I  contrived 
the  vertical  lines  of  the  fore-body,  in  the  belief  that  wind-waves  coming  into  collision  with  a  body 
already  perfectly  fitted  to  the  form  which  they  themselves  take  in  undulating,  unresisted,  free 
motion,  would  not  be  broken,  but  would  have  free  way,  and  that  they  glide  as  smoothly  over  the 
face  of  a  solid  cycloid  as  the  layers  of  the  same  wave  glide  over  one  another.  On  putting  the 
question  to  the  waves  themselves,  they  decided  that  it  was  so,  and  a  vertical  cycloid  thus  became 
the  buttock-line  of  the  bow  of  an  easy  and  dry  ship  above  the  water,  just  as  it  had  already  become 
the  easy  run  of  the  wave  of  replacement  in  the  stern  of  the  ship. 

The  chief  buttock-line,  therefore,  is  described  in  the  following  manner: — The  after-part  is 
formed  from  a  semicircle,  the  bottom  of  which  is  at  the  intersection  of  the  midship  section  with 
the  vertical  plane,  and  of  which  the  uppermost  point  is  as  high  out  of  the  water  as  we  choose  to 
carry  the  bulwark.  From  this  we  describe  a  cycloid,  as  shown  in  Figs.  825,  828,  831,  and  we  cut 
off  as  much  of  this  cycloid  as  we  choose,  to  adapt  the  portion  of  the  stern  beyond  the  perpendicular, 
a  point  which  is  a  matter  of  room  and  comfort  merely.  For  the  bow  we  have  the  choice  whether  it 
shall  much  overhang  the  water,  or  rise  up  pretty  square,  or  tumble  home.  For  a  vessel  low  in  the 
water  I  sometimes  adopt  the  first ;  for  a  vessel  high  out  of  the  water,  never.  I  believe  that,  on 
the  whole,  a  tumble-home  form  of  bow  is  the  dryest  and  easiest  at  sea ;  and  there  is  also  the  vertical 
cycloid  between  the  two.  Each  proportion  and  kind  of  vessel  has  its  corresponding  cycloid.  In 
the  case  we  are  now  considering,  the  vessel  with  a  small  under-water  body  has  a  flare-out  bow. 
The  fuller  under-water  body  has  a  vertical  buttock-line,  and  the  fullest  has  a  tumble-home  bow. 
The  first,  Fig.  825,  of  these  gives  what  is  called  the  clipper-bow.  The  second  and  third,  Figs.  828, 
831,  give  what  I  may  claim,  says  Russell,  to  call  my  bow.  This  bow  has  the  quality  of  giving 
roundness,  fulness,  and  capacity,  in  combination  with  the  fine,  hollow,  unresisting  entrance  of  the 
wave  water-line. 

On  the  Main-deck  Line. — I  call  the  main,  or  chief  deck-line  of  a  ship,  the  outline  of  that  deck 
which  is  meant  to  be  kept  in  all  circumstances  well  out  of  the  water,  and  in  ordinary  circumstances 
not  to  be  swept  by  the  waves.  It  is  this  which  constitutes  the  chief  gun-deck  of  a  war-vessel,  on 
which  it  is  necessary,  in  all  ordinary  weather,  that  the  ports  should  be  open  without  the  sea 
entering.  There  have  been  war-vessels  in  which  this  deck  was  generally  under  water ;  but  they, 
after  long  experience,  were  named  coffins ;  sol  shall  keep  my  definition. 
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The  choice  of  a  deck-line  has  everything  to  do  with  the  usefulness  of  a  ship  for  iU 
more  even  than  her  behaviour  at  sea.    This  main  or  construction  deck  is,  in  small  ve*l«.  th« 
uppermost  deck,  but  in  larger  vessels  there  is  a  spar-deck  above  it;  in  a  three-decker  there  ai 
three  decks  above  it,  and  in  the  GREAT  EASTERN  there  are  four  decks  above  it  and  foui 
below.    As  a  general  rule  also,  when  a  vessel  is  deeply  laden,  this  deck  ia  an  eighth  or  a  tenth  of 
the  beam  of  the  ship  above  the  water. 

A  little  consideration  of  the  purposes  a  main-deck  has  to  servo  will  help  to  indicate  bow 
various  its  shape  should  be.  In  a  vessel  meant  to  be  fast,  one  would  with  iu>  point  to  be  like 
the  rest  of  the  bow  of  the  ship,  fine  and  sharp,  because,  if  we  put  a  full  and  bluff  deck  on  the  t-.i. 
of  a  fine  fast  bow  we  not  only  give  the  vessel  many  bad  qualities  in  pitching  in  a  aca,  but  It,,- 
fulness  of  the  deck-line  will  be  continually  taking  speed  from  the  ship  whenever  the  seaineeto  it 
and  so  counteracting  the  very  quality  we  meant  to  gam  by  giving  a  sharp  bow  under  wat4-r 
argument  in  favour  of  sharpness  appears  at  first  sight  inconsistent  with  the  quality  of  a  roomy 
fore-deck,  which  is  to  be  obtained  by  a  great,  broad,  bell-mouthed  bow,  flaring  out  wide  over  the 
surface  of  the  water.  Such  a  bow  the  old  school  and  our  Dutch  neighbours  dearly  love  and  still 
believe  in  ;  and  we  should  never  have  succeeded  in  introducing  the  fine  sharp  deck  aloft,  in  oppotu- 
tion  to  the  traditional  prejudices  and  professional  proverbs,  in  which  the  wisdom  of  sUiuu-n  ban 
come  down  to  us,  but  for  the  fact,  that  the  full  projecting  deck-line  aloft  has  been  found  fatal  to 
speed,  and  especially  to  speed  in  bad  weather.  There  can  be  no  doubt  that  in  fine  weather  a 
large  roomy  bow  on  deck  is  a  handsome  and  agreeable  thing  ;  all  the  work  of  the  ship  can  be  done 
in  it  comfortably  and  handily.  There  is  room  for  everything,  and  to  spare;  nothing  is  hud.lle.1 
up,  and  you  can  get  freely  about  everything  :  all  this  can  be  said  with  great  plausibility  and  aouie 
truth,  and  it  is  still  more  applicable  to  a  ship  of  war  than  to  a  merchantman,  because,  in  rhiiMii_r, 
it  is  desirable  to  lay  two  long  guns  parallel  to  each  other  in  the  line  of  the  keel,  and  to  !>,-  ul.f.' 
to  run  them  out  through  two  bow  ports,  clear  of  everything,  and  to  work  them  comfortably  in  tlmt 
position.  It  was  long  pretended  that  it  was  impossible  to  do  this  on  a  sharp,  fine  deck-line,  and 
for  many  years  did  Admiral  Berkeley  delay  the  improvement  and  stop  the  speed  of  our  tintat 
ships,  for  this  crotchet,  which  in  the  end  turned  out  to  be  a  crotchet,  and  nothing  more. 

The  simple  fact  is,  that  the  roominess,  dryness,  and  comfort  of  a  full  deck-line,  instead  of  a 
fine  one,  is,  impression  or  belief,  and  nothing  more.  If  you  imagine  that  a  fine  bow  is  got  by 
cutting  so  much  room  off  a  full  bow,  and  so  diminishing  the  extent  of  available  deck-room  for 
working  the  ship,  you  may  consider  the  fine  bow  as  narrow,  confined,  and  inconvenient:  but  Un- 
practical fact  is  the  contrary  to  all  this.  The  fine  deck-line  of  a  modern  fast  ship  is  not  got  by 
cutting  anything  off  the  length,  or  off  the  width,  or  off  the  roominess  of  a  deck  ;  the  sharp  bow  u 
got  by  adding  on  a  fine  entrance  to  a  bluff  one,  and  by  lengthening  the  deck  :  the  full  part*  of 
the  ship  and  of  the  deck  remain  where  they  were.  All  that  is  necessary,  therefore,  is  to  take 
care  that  the  work  and  working  parts  of  the  ship  shall,  in  the  fine  bow,  be  kept  well  back  in  the 
broad  open  space  of  the  deck,  and  not  crammed  forward  into  the  narrow  space,  which  has  been 
superadded,  and  which  should  be  kept  perfectly  clear  and  unhampered.  It  is  also  a  further 
peculiarity  of  the  fine  bow  and  fine  deck-line,  that  the  foremast  stands  much  farther  aft  than  in 
the  old  full  bow,  and  that  there  is,  therefore,  more  room  before  the  mast:  care  must,  then  fore.  !•<• 
taken  to  keep  windlass,  capstan,  catheads,  anchors,  and  all  the  working  parts  in  the  bow  .  will 
aft,  —  not  to  give  room  merely,  but  also  to  keep  heavy  weight,  as  it  always  ought  to  be  kept,  out 
of  the  extreme  bow  of  the  ship. 

There  is  another  way  of  looking  at  this  matter.  I  am  very  fond,  says  Russell,  of  covering  in  the 
whole  of  the  fine  part  of  a  deck  forward  with  a  light  forecastle  bulkheaded  off,  especially  in  iron 
ships.  It  is  a  great  convenience,  and  forms  capital  quarters  for  the  crew  :  it  keeps  the  head  light 
and  dry;  and  immediately  abaft  the  forecastle  a  broad,  roomy  deck  is  still  to  be  found.  But  there  u 
another  way  of  giving  a  roomy  deck,  that  is,  a  wide  one,  on  a  sharp-bowed  vessel.  I  have  done  it  in 
vessels  of  war  with  perfect  success,  so  as  to  make  an  extremely  fine  bow  carry  two  long  8-in.  guns 
parallel  to  the  keel,  through  two  comfortable  ports,  with  ample  room  all  round  to  work  and  train 
them  freely.  This  I  did  by  shortening  the  deck,  or  stopping  it  very  much  short  of  the  bow, 
carrying  the  bulwark  round  the  bow  considerably  behind  the  stem  ;  the  real  deck  beyond  the 
bulwark  forming  part  of  the  head,  which,  instead  of  being  grated  and  overhanging  the  mn.  hud  « 
solid  oak  deck  over  the  greater  part  of  it,  leaving  the  head  as  convenient  »«  U-t'<in-  (»T  all  pnti'timl 
uses.  In  this  way  the  bulwark  of  the  deck  left  the  real  line  of  tln>.xliip:ui  ft.  i-lmrt  of  the  »tem.  with 
a  fine,  round,  roomy  deck  to  delight  the  heart  of  a  commander  of  the  old  school,  by  giving  him  all 
he  wanted  on  the  inside,  without  impairing  the  form,  which  the  con  demanded,  on  the  ouUide. 

There  is  yet  another  way  of  planting  a  full,  round,  capacious  deck-line  on  a  fine,  hollow,  fact 
water-line,  and  yet  perfectly  reconciling  them  to  one  another,  so  as  to  form  a  handsome,  sym- 
metrical, sea-going  ship.  This  is  to  carry  out  the  tumble-home  bow.  Of  this  system  I  am  a  warm 
advocate:  it  makes  a  vessel  dry,  easy,  and  safe.  For  a  lonir  time  there  has  been  much  i>r 
against  it.  The  rising  generation  will  probably  adopt  it  largely  ;  for  the  length  and  sun  of 
vessels  will  increase  rapidly,  and  render  it  unnecessary  to  aeek  room  by  meant  of  an  exaggerated 
bow-line  over  a  fine  water-line.  To  carry  out  properly  this  system  of  tumble-home  bow.  it  U  only 
necessary  to  take  a  tolerably  full,  easy  deck-lino,  compow-d  ..f  twc,  circular  or  two  |*rnU'l 
laying  them  over  the  water-line,  and  so  far  behind  it,  aa  to  lw  cosily  reconciled  with  it,  by  mean* 
of  the  cycloidal  buttock-line;  a  process  which  will  be  guided,  in  a  irn-nt  measure,  by  the  point  at 
which  the  cycloidal  buttock-line,  already  drawn,  me.  t*  the  lev.  1  .>f  the  ,|. 

In  the  stern,  there  is  even  greater  scope  for  management  mi  1  Jittin-r  f"r  u«>.    I  l-eliovein  large, 


a  ship  which  is  not  improved,  or  any  economy  which  is  not  enhanced,  by  a  large,  roomy  sUsrn  and 


- 
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deck -line.  In  a  merchantman  it  gives  largo 
passenger  cabins,  airy  as  well  as  roomy,  ami  in 
that  part  of  a  ship  which  pays  the  owner  best. 
In  a  ship  of  war  it  gives  a  magnificent  roomy 
poop,  and  plenty  of  space  for  working  the  stern 
guns ;  which  however  are,  perhaps,  seldom  wanted 
in  a  British  ship  of  war.  There  is  yet  this  further 
recommendation  beyond  all, — that  the  roominess 
and  fulness  of  the  stern  in  the  neighbourhood  of 
the  deck-lino  is  the  greatest  element  of  safety 
in  the  ship's  most  perilous  position,  of  running 
before  a  heavy  wind  in  a  storm,  and  in  iim.st 
circumstances  it  may  be  used  with  advantage  to 
enhance  the  stability  and  sea-going  qualities  of 
the  ship. 

The  best  way  to  turn  the  stern  to  advantage, 
for  room  and  wholesomeness,  is  to  carry  the 
breadth  on  deck  well  aft,  to  taper  the  ship  in 
towards  the  stern  but  little,  and  even,  if  neces- 
sary, to  carry  the  projection  of  the  stern  a  good 
way  abaft  and  beyond  the  perpendicular,  follow- 
ing, however,  and  not  extending  beyond,  the 
vertical  buttock-line  already  given.  Here  we 
may  steal  a  great  deal  of  room  from  the  sea. 

An  early  question  arises :  Shall  we  make  the 
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150 
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stern  round  or  square?  I  answer, — Its  bulk  is 
the  main  point :  its  shape  is  of  less  consequence. 
If  you  like,  as  a  matter  of  taste,  to  cut  the 
corners  off,  it  becomes  a  round  stern ;  and  nothing 
is  more  common  than  to  see  people  cut  off  the 
stern  inside,  and  then  stick  something  on  the 
outside,  to  make  up  in  appearance  for  the  corners 
cut  off.  When  very  little  is  cut  off  the  corners, 
it  has  been  common  to  call  it  an  elliptical  stern, 
although  it  never  is  an  ellipse ;  and  when  much 
is  cut  off,  the  stern  is  called  round,  although  it 
never  is  circular.  My  own  opinion  about  the 
precise  outline  of  the  deck  astern  is,  that,  so  far 
as  the  qualities  of  the  ship  out  of  water  are  con- 
cerned, it  is  of  little  importance. 

The  constructor  is  now  prepared  to  adopt  a 
definite  form  for  his  deck-line,  which  is  plainly 
a  compound  affair  of  policy,  diplomacy,  and  taste. 
For  a  trial  line  I  should  use,  forward,  two  arcs  of 
a  circle,  intersecting  at  the  bow,  and  having  their 
centres  on  a  line  drawn  athwartships,  half-way 
between  the  perpendiculars;  thence  I  should 
incline  by  two  parabolic  arcs,  gradually  narrowing 
to  the  breadth  of  the  intended  stern;  and,  for 
that  breadth,  I  should  adopt,  at  the  point  where 
it  passes  the  perpendicular,  some  specific  propor- 
tion—6,  7,  or  8  tenths— of  the  midship  breadth ; 
finishing  with  whatever  straight  line  or  curve 
may  have  been  determined  on,  as  regards  room 
at  the  stern.  Indeed,  in  a  vessel  of  no  great 
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length,  and  without  much  overhanging  counter,  I 
cannot  see  any  harm  likely  to  arise  from  carrying 
the  full  breadth  of  the  deck  amidships  right  3 
to  the  stern,  with  merely  sufficient  curvature  to 
give  an  agreeable  line.  • 

The  completion  of  the  design  now  requires  us 
to  reconcile  these  four  ruling  lines  of  the  tliip 
with  one  another.  In  this  operation,  what  the 
constructor  must  keep  mainly  in  view,  is  t 
tend,  as  far  as  possible,  through  all  the  remaining 
lines  of  the  ship,  tho  good  qualities  which  have 
been  established  in  the  ruling  line*. 

To  Construct  the  remaining  Watsr-linft.—It  IB 
most  desirable  that  the  water-lines  of  the  entrance 
should  be  as  exactly  as  possibl.-  <,f  th«-  same 
form,  on  reduced  breadth,  as  the  main  water-line. 
There  will  be  some  difficulty  in  doing  this,  espe- 
cially near  the  keel ;  and  the  tendency  of  these 
lines  will  be  to  elongate  themselves  forward. 
This  is  to  be  avoided. 

The  remaining  water-lines  of  the  aftc  r-1..1y 
are  to  be  constructed  on  nearly  an  opposite  prin- 
ciple. They  are  to  deviate  rapidly  from  the  chief 
water-line  of  the  after-body  already  drawn ;  and 
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this  they  will  do  naturally,  because  the  main 
buttock-line,  which  rules  the  aft«-r-l>ody,  eom|M  Is 
the  water-lines  to  increase  rapidly  in  fineness,  aa 
they  go  down  in  the  water,  and  to  extend  rapidly 
in  fulness,  as  they  rise  to  the  surface;  thus 
giving  what  I  believe  to  be  the  best  kind  of  .stern, 
namely,  very  fine  below  and  very  full  above.  In 
this  respeet  it  is  a  contract  to  the  bow,  which  \» 
kept  as  full  as  may  be,  rotiM.-t.  ntly  with  the  chief 
water-line,  all  tho  way  down. 

It  is  desirable  to  have  at  least  three  oomph  {•• 
water-lines,  in  order  to  form  a  lin-t  approximation 
to  the  complete  calculation  of  tin-  chip. 

On  the   Cuin)>l<-titm  of  the   \<-rti<;il  < 'rou-»fctioiu, 
or  Body-plan.  —  The  cross-sections  are  all  to  be 
regarded  as  midship  sections  nuxlili.xl.  but  each 
of  them  givintr.  t<>  tin-  part  of  tin-  chip  w Inn- 
it  lies,  qualities  whicli  either  etilmn<*«-  tli- 
qualities  of  the  midship  sretion.  or  impair  t 
A  vessel,  with  a  fine,  powerful  midship  w»-ti-.n. 
may  easily  bo  impaired  by  feeble  ends,  and  » 
weak  midship  neetiou  may  be  reinforced  by  good 

CrOSS-Keeli,.!!".  <  >p,-einll V  ill   tile  "ft'T-l 

the  designer  has  to  bear  in  mind.  then.  is  to  ctu.lv 
how  far  he  can  enhance.  Hupj»ort.  ami  enrry  out 
the  qualities  of  the  main  midship  c<vtioii  in  tin- 
rest  of  the  body.  In  this  attempt  h.  will  be 
materially  aided  by  the  choice  whi<-h  he  makes 
of  that  cross-section  which  passes  through  the 
after-perpendicular.  To  this  frame,  being  abso- 
lutely out  of  the  water,  he  is  free  to  give  any 
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shape  he  pleases ;  and  having  fixed  this,  he  will 
find  that,  with  the  main  buttock-line,  it  rules  the 
entire  form  of  the  after-body,  and  also  controla 
materially  the  surface  water-line  of  the  stern.  It 
is  this  stern  cross-section  which  I  am  in  the  habit 
of  making  very  full,  in  order  to  turn  the  after- 
body to  the  best  possible  account.  Great  caution, 
however,  has  to  be  observed,  not  to  make  this 
fulness  abrupt ;  otherwise,  when  rising  and  falling 
in  the  sea,  the  counter  will  be  apt  to  strike  the 
water  with  violence. 

The  circumstance,  that  this  portion  of  the 
vessel  remains  so  entirely  subject  to  the  free  \\  ill 
of  the  designer,  makes  it,  for  the  inexperienced, 
the  most  difficult  part  to  decide  and  determine; 
and  a  greater  variety  of  forms  will  be  found  about 
the  region  of  the  stern  above  the  water,  than  in 
any  other  part  of  a  ship.  The  learner  will,  there- 
fore, naturally  be  disposed  to  take  this  from  the 
best  examples  he  can  find,  and  for  which  I  refer 
him  to  the  best  vessels  engraved  in  my  work. 

The  vertical  sections  of  the  after-body,  fol- 
lowed out  in  the  manner  I  have  indicated,  will 
be  found,  as  they  approach  the  stern,  to  have 
become  very  fine  below  and  very  full  above ;  and 
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so  they  ought  to  be:  but  in  the  bow  there  will 
generally  be  found  a  similar  tendency  of  the  lines 
to  become  extremely  fine  below,  and  to  grow  full 
above, — and  there  it  is  necessary  to  counteract 
this  tendency,  instead  of  encouraging  it,  as  abaft. 
The  bow  cross-sections  must,  therefore,  be  made 
to  maintain  their  full  breadth  well  down  towards 
the  keel ;  and  care  must  also  be  taken  that  they 
do  not  spread  out  rapidly  at  the  surface  of  the 
water,  and  above  it.  The  reason  why  the  fulness 
should  be  preserved  below  is,  that  the  business 
of  the  fine  part  of  the  bow,  or  cutwater,  is  to 
displace  or  remove  the  water  out  of  the  way  of 
that  part  of  the  ship  which  is  to  follow ;  and  if 
the  bow  part  be  cut  away  too  fine,  this  work  will 
not  be  done,  and  the  part  behind  will  still  have 
the  work  of  displacement,  with  a  bluffer  entrance, 
and  a  shorter  time  to  do  it  in, — which  is  the 
same  as  to  say,  that  it  would  then  require  unne- 
cessary force,  by  causing  unnecessary  resistance. 
The  main  water-line  having,  therefore,  already 
rendered  the  bow  sufficiently  fine  for  the  service 
of  dividing  the  water,  care  must  be  taken  not  to 
carry  this  fineness  further  than  necessary,  or  than 
it  is  carried  in  the  chief  water-line. 

Moreover,  much  care  will  be  needed  to  prevent 
the  cross-sections  of  the  bow  from  flaring  out  very 
much,  to  meet  the  line  of  the  upper  deck.  To 
avoid  this,  we  have  recommended  that  line  to  be 
kept  fine,  and  to  be  thrown  as  far  backwards  from 


BOILER. 


889 


833. 


the  fore-perpendicular  as  conveniently  practicable.  Moreover,  the  cycloidal  buttock-Hue,  properly 
used,  will  help  to  throw  the  deck  back,  and  to  prevent  it  from  spreading  over  the  flue  bow- 
nevertheless,  it  will  always  be  a  matter  of  great  difficulty  to  reconcile  the  wave  water-line  the 
full  deck,  and  the  cycloidal  buttock-line;  but  when  it  ia  well  done,  it  makes  the  most  beautiful 
ns  well  as  the  best,  of  all  sea-bows.  For  fresh-water  bows  it  does  not  matter  how  much  the  dock 
flares  out,  or  how  much  it  overhangs  the  water:  it  is  in  the  sea  that  the  true  skill  of  the  accom- 
plished naval  architect  is  to  be  developed.  It  is  not  the  best  voyage  in  fine  weather  but  the  bc*t 
behaviour  in  bad  weather,  which  gives  reputation  to  the  truly  seaworthy  ship. 

BOILER.     FB.,  Chaudicre  a  vapeur ;  GEK.,  Dampfkessel ;  ITAI...  ''i/./ii-i ;  SPA*.,  Calderv, 

A  boiler  is  a  strong  metallic  vessel,  usually  of  wrought-iron  plates  riveted  lontbt  In  which 
steam  is  generated  for  driving  engines,  or  other  purposes. 

Fig.  833  is  a  section  of  a  locomotive  boiler ;  A,  fire-box ;  B,  combustion-chamber  •  D  grate  • 
C,  ash-pan;  K,  water-legs;  P,  crown  sheet;  H,  wagon-top;  I,  steam-pipe;  J  steam-dome : 
G,  gusset;  F,  barrel;  E,  flues; 
N,  breeches-pipe;  M,  smoke-box; 
L,  saddle;  O,  blast-pipe;  K,  dry- 
pipe. 

A  steam  boiler  generally  consists 
of  a  fire-box,  where  the  combustion 
of  fuel  occurs,  and  flues,  through 
which  the  products  of  combustion 
pass  into  the  chimney.  These  parts 
are  made  of  thin  metal,  and  sur- 
rounded by  water,  which,  together 
with  the  steam  room,  is  contained 
in  an  outer  shell.  The  principal 
varieties  of  boilers  are, — the  cylinder 
boiler,  which  consists  of  a  single  iron 
shell ;  the  return-flue  and  the  drop- 
flue  boilers,  called  flue  boilers,  which 
are  single  shells  containing  a  small 
number  of  large  flues,  through  which  the  heat  either  passes  from  the  fire  or  returns  to  the  chimney, 
and  sometimes  containing  a  fire-box  enclosed  by  water;  the  multiline  or  locomotive  boiler,  which 
consists  of  an  enclosed  fire-box  and  a  large  number  of  small  flues  leading  to  the  chimney ;  and  the 
water-tube  boiler,  which  consists  of  an  enclosed  fire-box  and  a  fire-chamber  filled  with  small  tube*, 
through  which  the  water  circulates.  Tubular  boiler,  a  multiflue  or  multitubular  boiler,  in  di»- 
tinction  from  a  boiler  with  large  flues. 

Copper,  when  the  temperature  of  the  steam  does  not  exceed  200°  Fahr.,  is  the  best  material  for 
boiler  construction,  its  power  of  conducting  heat  being  nearly  double  that  of  iron ;  a  copper  boiler 
of  only  one-half  the  superficial  contents  of  an  iron  one  will  generate  a  similar  quantity  of  steam. 
The  power  of  copper  in  conducting  heat  is  about  898  •  2,  and  that  of  iron  374 '  3.  Iron  poeacwea  the 
greatest  cohesive  strength,  yet  manufacturers 
generally  construct  their  copper  boilers  of 
thinner  metal  on  account  of  the  greater  uni- 
formity in  the  substance  of  copper  plates  as 
well  as  for  the  sake  of  economy,  copper  being 
five  times  the  cost  of  iron;  but  an  old  worn- 
out  boiler  is  worth  three-fourths  its  original 
value,  whereas  the  value  of  an  old  iron  one  is 
comparatively  trifling  when  the  cost  of  removal 
is  deducted.  Copper  has  also  been  proved  to 
be  the  safest :  when  a  copper  boiler  bursts  or 
explodes  it  is  merely  rent  open,  but  an  iron 
boiler  is  generally  blown  to  pieces. 

Fig.  834,  which  is  a  longitudinal  section  of 
a  marine  tubular  boiler,  shows  the  general 
arrangement  of  parts  in  a  marine  boiler.  A  is 
the  ash-pit ;  C  dead-plate ;  E  E  the  grate ; 
FF  the  uptake;  GG  the  tubes  and  tube- 
plates  ;  H  the  back  uptake,  flame-chamber,  or 
rising  flue ;  I  the  chimney ;  O  the  bridge ;  and 
P  P  stay-rods. 

The  boiler  shown  in  Figs.  835,  836,  837, 
is  according  to  an  arrangement  invented  by 
David  Thomson,  and  successfully  introduced 
by  Richard  Moreland  and  Sons,  London. 

Fig.  835  represents  a  longitudinal  section, 
and  Fig.  836  a  front  elevation  and  cross-section 
of  a  Thomson  boiler,  8  ft.  long  and  5  ft.  <5  in. 
diameter,  having  the  same  amount  of  heating-surface  as  an  ordinary  Cornish  bojler  2 
and  5  ft.  diameter,  with  an  internal  fire-tube  2  ft.  9  in.  diameter.     Fig.  887  i*  a  front  eletm 
and  cross-section  of  a  boiler,  8  ft.  long  and  8  ft.  diameter,  having  aa  much  heating-aurface  u  the 
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by  means  of  which  the  draught  can  be  regulated.  The  products  of  combustion,  after  passing  the 
fire-bridge,  make  their  way  through  perforated  fire-brick  into  a  roomy  chamber  lined  with  tire- 
brick,  and  thence  pass  through  the  small  tubea  to  the  front  smoke-box,  from  which  they  return 
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through  the  larger  tubes  to  the  chimney,  superheating  and  drying  the  steam  in  their  passage. 

The  steam-pipe  extends  internally  over  the  whole  length  of  the  boiler,  and  is  pierced  with  small 

holes,  which  cause  it  to  take  the  steam  equally  from  all  parts  of  the  boiler,  while  the  steam  is 

compelled  by  the  plate  a,  Figs.  835  to  837,  to  pass  over  837. 

the  heated  surface  of  all  the  large  tubes  before  reaching 

the  steam-pipe.    Ogle,  of  whom  we  shall  hereafter  speak, 

introduced  this  description  of  steam-pipe  in  some  of  the 

later  arrangements  of  his  boiler.    When  the  boiler  is  used 

for  non-condensing  engines,  it  is  advisable  to  bring  the 

exhaust-pipe  of  the  engine  to  the  bottom  of  the  chimney,  as 

at  6,  Fig.  835,  where  it  serves  to  stimulate  the  draught. 

But  provision  is  made  for  increasing  or  regulating  the 

draught  to  any  extent  by  a  steam-jet  pipe  c,  Figs.  836, 837, 

having  a  small  hole  opposite  the  centre  of  each  of  the  large 

tubes,  by  which  a  jet  of  steam  can  be  projected  through 

it.    This  method  of  applying  the  steam  jet  to  increase  the 

draught  is  found  to  be  much  more  certain,  powerful,  and 

economical  than  when  applied  in  the  chimney. 

This  boiler,  constructed  by  the  Morelands,  is  short  and 
of  large  proportional  diameter,  and  from  its  circular  form 
is  well  adapted  for  high  pressures.  There  is  also  a  large 
amount  of  heating-surface  within  a  small  bulk,  and  no 
boiler-seating  is  required ;  hence  it  is  a  boiler  suitable  for 
situations  where  space  is  limited,  or  when  it  is  desirable  to 
reduce  the  cost  of  fixing  and  of  brickwork. 

The  wagon-boiler,  Figs.  838,  839,  is  used  for  generating 
low-pressure  steam  only. 

In  Figs.  838,  839,  which  are  transverse  and  longitudinal  sections  respectively,  A  is  the  supply- 
pipe  from  the  hot  well  terminating  in  the  cistern  at  the  top  of  the  feed-pipe ;  B  cistern  at  the  top 
of  feed-pipe,  having  a  valve  fixed  at  the  bottom ;  C  the  float  employed  to  regulate  supply  of  water 
to  boiler.  The  water  is  kept  at  the  same  height  by  its  action  upon  the  valve  at  the  bottom  of  the 
feed-pipe ;  thus,  when  there  is  not  sufficient  water  in  the  boiler,  the  float  sinks,  pulls  down  the  arm 
of  the  lever  a  a  to  which  it  is  attached,  and  opens  the  valve,  since  the  counterbalancing  weight  d 
fixed  at  the  other  end  of  the  lever  will  only  support  the  float  when  in  its  proper  situation  in  the 
boiler  and  at  the  required  level  of  the  water.  D  is  a  self-acting  damper  for  regulating  the  con- 
sumption of  fuel ;  E  E  gauge-cocks ;  G  steam-gauge ;  H  safety-valve,  regulated  by  the  engineer ; 
I  air- valve,  or  atmospheric  safety-valve ;  U  the  locked  safety-valve.  A  pipe  is  shown  at  the  top 
which  leads  the  steam  that  escapes  into  it  to  the  flue  or  into  the  air.  The  steam  passes  from  the 
boiler  through  the  steam-pipe ;  a  valve,  called  a  throttle- valve,  L,  being  placed  in  it  for  regulating 
the  amount  of  steam  to  the  cylinder ;  M  furnace-bars ;  N  the  flue ;  S,  S  stays. 

Figs.  810  and  841  represent  longitudinal  and  transverse  sections  respectively  of  the  Whittle 
boiler,  a,  a  are  the  plates  forming  the  body  of  the  boiler ;  6, 6  the  inner  casing  or  lining ;  c  is  the 
circulating  space  between  the  inside  of  the  boiler  and  casing,  b.  When  heat  is  applied  to  the 
outside  of  the  boiler  a,  the  water  in  the  space  c  is  first  heated,  and  commences  to  ascend  in  the  space 
c ;  and  as  the  heat  increases,  a  rapid  circulation  of  the  water  and  steam  takes  place  up  the  heated 
sides  of  the  boiler.  When  the  water  and  steam  reach  the  upper  edge  or  lip  of  the  casing  6  (which 
extends  a  little  above  the  water-level),  the  steam  is  separated  from  the  water,  which  steam  occu- 
pies the  upper  part  of  the  boiler ;  but  the  w.ater  boiling  over  the  edge  of  the  lining  or  casing  6  into 
the  central  part  of  the  boiler,  descends  through  the  short  upright  pipes  d  d  through  the  bottom  of 
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the  lining  into  the  epnce  c,  and  thus  maintains  a  continuous  circulation  so  long  as  heat  is  applied. 
The  mud  carried  over  settles  on  the  bottom  of  the  lining,  as  shown  in  the  figures,  where  it  is 
retained,  thus  preventing  the  formation  of  deposit  on  the  plate  of  the  boiler.  By  this  arrangement, 
the  boiler  is  kept  clean  and  not  liable  to  rapid  incrustation.  When  Cornish  or  fluid  boilers  are  used, 
as  shown  in  Fig.  842,  the  flues  are  surrounded  by  a  casing  e  e,  the  circulation  taking  place  up  the 
space  //,  the  hot  water  and  steam  being  delivered  at  the  opening  g,  as  shown  in  the  drawing. 

Fig.  843  represents  the  application  to  a  marine  steam-boiler,  where  6  6  are  the  linings  or 
diaphragms  between  the  series  of  flues  c  c  of  the  boiler.  By  the  use  of  these  linings  or  diaphragms  b 
a  steady  circulation  of  the  water  in  the  boiler  is  set  up,  and  the  mud  and  deposit  are,  in  conse- 
quence, made  to  accumulate  at  the  bottom  of  the  boiler,  from  whence  it  may  be  blown  off. 

Before  giving  an  extensive  analysis  of  the  different  arrangements  of  locomotive,  marine,  and 
other  boilers,  designed  to  effect  particular  objects,  it  is  necessary  to  point  out  some  of  the  leading 
properties  of  heat,  water,  and  steam,  determined  by  abstract  reasoning  and  corroborated  by 
experiment. 

CALORIFIC  CAPACITY  OP  BODIES.  Unity  of  ITeat. — In  observing  the  general  mode  in  which 
bodies  become  heated,  we  recognize  this  fact,  which  may  be  said  to  be  purely  external,  that  in 
order  to  bring  different  quantities  of  a  same  substance  to  a  same  temperature,  the  same  com- 
bustible being  used,  the  weights  of  the  latter  must  be  proportional  to  those  of  the  substance. 

For  example,  if  10  kilogrammes  of  coal  are  requisite  to  raise  the  temperature  of  a  certain 
weight  of  water  from  0  to  20  degrees — the  conditions  remaining  unaltered — it  will  take  20  kilo- 
grammes to  perform  the  same  operation  upon  twice  that  weight  of  liquid. 

The  reduction  of  this  observation  to  the  accurate  data  of  science  led  to  the  following  positive 
result,  namely :  That,  to  raise  a  same  weight  of  a  same  homogeneous  and  determinate  substance 
one  degree  in  temperature,  the  expenditure  of  a  same  quantity  of  heat  is  invariably  necessary. 
And  moreover,  with  certain  restrictions :  That  the  quantities  of  heat  required  are  proportional  to 
the  weight  of  that  same  body  and  to  the  increase  of  temperature. 

This  being  once  established,  it  became  easy  to  create  a  representative  value  capable  of  serving 
as  unity  of  comparison  in  the  various  interchanges  of  heat  that  take  place  between  different  bodies, 
and  of  enabling  us,  also,  to  estimate  the  quantities  of  heat  supplied  by  calorific  sources.  For  that 
purpose  it  was  sufficient  to  select  some  homogeneous  substance,  and  to  adapt,  as  point  of  com- 
parison, that  exact  amount  of  heat  that  was  required  to  raise  its  temperature  by  a  given  value. 

Acting  in  accordance  with  these  principles,  that  quantity  of  heat  which  is  necessary  to  increase 
the  temperature  of  one  kilogramme  of  water  by  one  degree  centigrade  is  what  has  been  adopted  as 
the  unity,  and  serves  to  compare  all  the  interchanges  of  heat  that  are  observed. 

Consequently,  if  we  take  a  kilogramme  of  water  at  zero,  and  raise  it  to  the  temperature  of  one 
degree,  We  say  we  have  given  it  one  unit  of  caloric ;  if  to  two  degrees,  two  units ;  and  so  on.  In 
like  manner,  one  kilogramme  of  water,  at  any  temperature  above  zero,  is  considered  to  possess  as 
many  units  of  caloric  as  it  has  degrees  of  temperature. 

We  are  here  speaking  of  water  in  its  liquid  state,  and  of  its  heat  in  so  far  as  it  is  sensible, to 
the  thermometer,  but  not  of  the  total  amount  of  heat  it  in  reality  possesses  at  a  given  temperature. 
We  shall  hereafter  see  that  the  greater  part  of  the  heat  contained  in  a  body  is  latent  and  constitu- 
tive of  its  liquid  or  gaseous  state. 

Let  us,  as  an  example,  suppose  a  red-hot  bullet  to  be  plunged  into  a  vessel  of  water,  and  then 
observe  the  increased  temperature  derived  by  the  latter  from  the  cooling  of  the  bullet,  as  it 
abandons  its  heat  in  favour  of  the  liquid.  By  taking  into  consideration  the  water  only,  and  setting 
aside  the  losses  of  caloric  occasioned  by  evaporation  and  radiation,  it  will  be  easy  to  estimate  the 
amount  of  heat  gained  by  the  liquid  mass,  by  means  of  its  actual  weight  and  increased  temperature. 

From  what  has  just  been  said  of  the  connection  that  exists  between  the  temperatures  in  degrees 
and  the  quantities  of  heat,  if  50  kilogrammes  of  water,  at  the  temperature  of  12  degrees,  acquire  a 
temperature  of  45  degrees  by  the  immersion  of  a  heated  body,  the  quantity  of  caloric  gained  by  the 
water  will  be  ascertained  by  finding  the  product  of  the  difference  of  the  observed  temperatures  by 
the  weight  of  the  mass  expressed  in  kilogrammes. 

Let  W  be  the  weight  of  water  in  kilogrammes  ; 
t  be  the  original  temperature ; 
H  be  the  increased  temperature ; 
n  be  the  number  of  units  of  caloric  gained ; 
we  have 

n  =  (?  —  0  W;  whence  n  =  (45  —  12)  50  kilos.  =  1650  units. 

The  reasoning  would  be  precisely  the  same  if  it  were  required  to  find  the  number  of  units  of 
caloric  lost  by  the  immersion  of  a  body  colder  than  the  water. 

If,  for  example,  we  plunge  a  very  cold  body  into  50  kilogrammes  of  water  at  45  degrees,  and 
that,  the  temperature  being  thereby  reduced  to  10  degrees,  we  wish  to  know  how  many  units  of 
caloric  have  been  lost  by  the  water  after  the  equilibrium  has  been  restored,  we  have,  as  before, 

n  =  (45  —  10)  50  =  1750  units. 

Specific  Heat.— A  body  is  said  to  have  a  greater  or  less  capacity  for  heat,  according  as  it  requires 
a  greater  or  less  amount  to  cause  its  temperature  to  vary  an  equal  number  of  degrees.  If,  by  com- 
paring two  equal  weights  of  two  different  substances,  it  be  found  that,  in  order  to  increase  their 
respective  temperatures  by  one  degree,  it  takes  twice  the  quantity  of  heat  in  the  one  case  that  it 
does  in  the  other,  we  conclude  that  the  calorific  capacity  of  the  one  mass  is  double  that  of  the  other. 
By  representing,  therefore,  the  smaller  capacity  by  1,  we  may  represent  the  larger  by  2. 

The  calorific  capacity  may  likewise  be  characterized  by  observing  the  ratio  of  the  tempera- 
tures acquired  by  equal  masses  of  different  substances  to  which  equal  quantities  of  heat  have  been 
communicated .  the  coldest  evincing,  necessarily,  the  greatest  calorific  capacity.  Moreover,  the 
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numerical  ratios  of  those  capacities  will  be  represented  by  the  temperature*  expressed  in  de»n*s 
but  in  inverse  proportion. 

For  instance,  supposing  that  we  plunge  three  equal  bullets,  of  the  same  metal,  and  heated  to 
the  same  temperature,  into  three  equal  volumes  of  different  liquids,  and  aft.-rwur.Ls  find  that  the 
temperatures  of  those  liquid  masses  have  been  respectively  raised  1  decree,  2  degrees,  3  degrees- 
it  may  be  said  that  their  calorific  capacities  are  inversely  proportional  to  these  increments 
perature,  that  is,  as  3  :  2  :  1. 

So  that  the  calorific  capacity  of  a  body,  or  its  specific  heat,  is  represented  by  a  number,  similar 
to  a  coefficient,  and  which  has  reference  to  the  unity  for  which  the  specific  heat  of  a  certain  «ul>- 
etance  serves  as  standard. 

For  liquids  and  solids  the  standard  chosen  is  water,  the  unity  of  heat  corresponding,  u  we  hare 
already  stated,  to  that  quantity  which  is  necessary  to  raise  the  temperature  of  1  kilogramme  of 
water  1  degree. 

In  the  case  of  gases,  atmospheric  air  has  been  selected  as  the  standard  of  comparison;  but 
water  must,  nevertheless,  also  be  used,  so  that  absolute  practical  values  may  be  obtained. 

When  we  wish  to  find  the  respective  calorific  capacities  of  gases,  we  compare  them,  one  with 
another,  in  equal  volumes,  but  under  two  different  conditions. 

When  a  gas  is  heated,  it  expands,  and  tends  to  increase  its  volume.  If  it  be  subject  to  a  con- 
stant pressure,  that  augmentation  takes  place  freely,  according  to  the  value  of  its  coefficient  <>f 
expansion.  If,  on  the  contrary,  the  space  that  it  occupies  be  inextensible,  ita  volume  remains  the 
same,  but  its  pressure  increases.  It  has,  consequently,  been  the  preoccupation  of  physicist)  to 
ascertain  whether,  under  these  two  conditions,  the  calorific  capacities  of  gases  mig'ht  not  be 
different  ;  and  that  is  why  the  Tables,  giving  the  results  of  their  labours,  show  two  column*,  based 
upon  the  foregoing  consideration. 

From  the  purely  practical  point  of  view  we  are  now  taking  of  the  subject,  this  distinction  is, 
perhaps,  not  of  any  very  great  importance,  especially  as  the  differences  themselves  are  not  very 
considerable  ;  but  it  was  necessary  that  we  should  mention  it,  in  order  that  the  following  Table*, 
borrowed  from  the  illustrious  savants  to  whom  we  are  indebted  for  these  useful  researches,  may  be 
better  understood. 

We  must  further  state  that  it  is  our  intention  to  cite  such  substances  only  as  are  susceptible  of 
being  employed  in  the  organs  of  motion  about  to  occupy  our  attention. 

To  render  these  Tables  perfectly  intelligible,  it  will  be  sufficient  if  we  define  clearly  what  is 
meant  by  the  numerical  value  of  the  coefficient  of  specific  heat,  or  simply,  by  the  calorific  capacity 
of  a  body. 

It  being  agreed  to  term  unity  of  heat  that  quantity  of  caloric  which  increases  by  1  degree  the 
temperature  of  1  kilogramme  of  water,  comparisons  were  made  with  a  large  number  of  substance*, 
and  it  was  found  that  that  same  amount  of  heat  produced,  in  every  kilogramme,  modifications  of 
temperature  that  differed  widely,  according  to  the  substance  to  which  it  was  applied  ;  and  that,  in 
nearly  all  cases,  the  elevation  of  temperature  was  much  more  considerable  than  that  of  the  water. 

But  this  very  definition  of  calorific  capacity  tends  to  show  that  the  ratio  between  the  increased 
temperature  of  the  water,  that  is  to  say,  one  degree  or  unit  for  every  kilogramme,  and  the  increase 
of  temperature  of  the  substance  under  consideration,  is  precisely  equal  to  the  inverse  ratio  of  the 
capacities  of  that  substance  and  the  water. 

Consequently,  if  c  represent  the  capacity  of  water  and  t  its  increased  temperature,  c'  the  capa- 
city of  the  substance  to  be  compared  and  f  its  increased  temperature,  we  shall  have 

t 


But  the  value  of  both  t  and  c  being  the  unity,  the  capacity  c'  of  the  given  substance  it 


Whence  we  derive  the  following  definition  : 

The  numerical  value  c'  of  the  coefficient  of  specific,  heat  of  a  determinate  svbttance  it  «q*al 
quotient  of  the  unity  divided  by  the  increase  of  temperature  produced  by  one  unit  upon  one  kUojramatt  of 
that  substance. 

The  values  inscribed  in  the  following  Tables  are  precisely  the  aforesaid  quotients  for  each  cor- 
responding substance.    A  little  later  we  shall  give  a  few  examples  of  the  use  of  these  values. 

TABLE  I.—  CAPACITIES  OF  GASES. 
Ascertained  by  MM.  Delaroche  and  Berard,  those  of  air  and  water  being  taken  as  unity. 


Names  of  Gases. 
\ 

Calorific  Capacities,  that  of  Air 
being  1  fur 

Capacities  for 
equal  Masses, 
Water  bring 

taki-ti  a*  unity. 

Ratio  of  Oapadtiwtor 

Constant 

Vu:uow«. 

Constant 
JlMOTS. 

Equal  Volumes. 

Equal  Muses. 

Atmospheric  air 
Hydrogen          
Oxygen      

Steam        

.1-000 
0-9035 
0-97G5 

1-9600 

rooo 

12-3401 
0-8848 

3-1360 

0-2669 
3-2936 
0-2361 

'0-8470 

1-421 
1-407 
1-415 

1-00 
1-00 

1-00 

^/ 

According  to  Dulong 

By  this  Table  it  is  seen  that,  weight  for  weight,  hydrogen  is  the  most  difficult  pi* 
since  it  requires  twelve  times  more  caloric  than  atmospheric  air  to  raise  it 
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After  hydrogen  comes  steam,  whose  capacity  is  almost  double  that  of  air,  and  very  nearly  equi- 
valent to  that  of  water. 

The  two  last  columns  of  the  Table  indicate,  according  to  Dulong,  the  variations  undergone  by 
the  calorific  capacities  of  the  corresponding  gases,  whether  they  bo  considered  under  constant 
volumes  or  constant  pressures  while  submitted  to  the  influence  of  heat.  We  see  that,  the  pressure 
being  constant,  the  capacity  varies  from  1  to  about  1  •  4,  if  the  gas  is  compressed  by  the  effort  of 
expansion  that  takes  place  during  heating. 

However,  this  question  is  far  too  complicated  for  us  to  give  it  full  extension  here ;  wo  have 
thought  proper,  therefore,  merely  to  mention  it  by  the  way,  referring  those  of  our  readers  who  are 
desirous  of  more  deeply  investigating  it  to  special  works  upon  the  subject. 

TABLE  II. — CALORIFIC  CAPACITIES  OF  VABIOUS  SUBSTANCES. 
That  of  water  being  taken  as  unity. 


Names  of  Substances. 

Calorific  Capacities. 

Observations. 

Water    

1-0000 

Iron        

0-1100 

Dulong  and  Petit. 

„    from  0°  to  100°     
„      „     0°  ,,300°    
Cast  iron       

0-1098 
0-1218 
0-1298 

»                  » 
»                  »» 
Regnault. 

Steel       

0-118  to  0-127 

Copper  

0-0949 

Dulong  and  Petit. 

„       from  0°  to  100°       
>,    0°  ,,300°       

0-0940 
0-1013 
0-09515 

»                  » 
»                  » 
Regnault. 

Brass      

0-09391 

Lead      

0-0293 

Dulong  and  Petit. 

0-0314 

Kegnault. 

Tin         

0-0514 

Dulong  and  Petit. 

0-05623 

Regnault. 

Zinc       

0-0927 

Dulong  and  Petit. 

0-09555 

Regnault. 

Glass  from  0°  to  100°         

6-1770 
0-1900 

>  Dulong  and  Petit. 

„      from  0°  to  300°        
Charcoal        .  .      .  .       

0-19768 
0-2415 

Regnault. 

Coal  and  coke  (average)     
Woods,  various     

0-20 
0-600  to  0-650 

V 

Mayer. 

This  second  Table,  relating  to  the  calorific  capacities  of  the  principal  substances  used  in 
construction  and  manufactures,  shows  that,  of  them  all,  water  possesses  the  greatest,  and  is,  conse- 
quently, the  most  difficult  and  the  most  expensive  to  heat.  The  next  is  wood,  and  that  which  has 
the  smallest  capacity  is  lead. 

Application  of  the  Coefficients  of  Calorific  Capacity. — The  knowledge  of  the  calorific  capacities  of 
bodies,  and  their  representation  by  numerical  values,  lead  to  problems  that  are  both  highly  inte- 
resting and  extremely  useful  in  their  application.  The  principal  ones  may  be  summed  up  as 
follows : — 

1st.  Find  the  quantity  of  heat  necessary  to  raise  the  temperature  of  a  body  a  given  number  of 
degrees ;  and  reciprocally,  how  much  heat  must  be  withdrawn  in  order  to  lower  its  temperature 
in  the  same  proportion. 

2nd.  Find  the  temperature  of  a  mixture,  whether  the  bodies  be  equal  or  unequal  in  mass  and 
calorific  capacity. 

3rd.  Find  the  effects  of  expansion  produced  by  given  quantities  of  heat  upon  gases  or  vapours. 

We  will  endeavour  to  illustrate  by  a  few  examples  these  different  modes  of  treating  the  question  ; 
reserving,  however,  for  later,  further  particulars  relating  to  expansion,  which  may  be  more  particu- 
larly interesting  when  we  come  to  speak  of  superheated  steam  and  of  motors  worked  by  gases. 

Researches  as  to  the  Quantity  of  Heat  corresponding  to  a  given  Variation  of  Temperature. — It  has 
been  seen,  from  the  definition  of  capacity  and  the  unity  of  heat,  that  the  amount  of  caloric  a  body 
loses  or  gains,  according  as  it  becomes  heated  or  chilled  to  a  given  number  of  degrees,  is  propor- 
tional both  to  its  mass  and  to  its  calorific  capacity ;  since,  if  1  kilogramme  of  water  absorbs  1  unit 
in  order  to  gain  1  degree  in  temperature,  it  would  absorb  2  units  for  2  degrees,  and  so  on ;  or  else, 
2  kilogrammes  would  absorb  2  units  for  1  degree :  finally,  1  kilogramme  of  a  substance  whose 
specific  heat  is  0-5  would  absorb  half  a  unit  to  raise  its  temperature  1  degree,  and  so  on.  Conse- 
quently, the  general  formula  for  heating  and  cooling  is  this : 

n  =  t  We,  or  n  -  (t1  —  f)Wc,  [A] 

t'  —  t,  or  simply  t,  being  the  difference  of  temperature,  or  the  number  of  degrees  gained  or  lost. 

First  example.— How  many  units  of  heat  would  be  absorbed  by  50  kilogrammes  of  water  at  15 
degrees,  that  its  temperature  might  be  increased  to  60  degrees  ? 

n  =  (60  -  15)  x  50  x  1  =  2250  units. 

The  result  would  evidently  be  the  same  in  order  to  lower  the  temperature  from  60  degrees  to 
15  degrees. 
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Second  example.  —  If  3000  units  of  heat  were  supplied  to  500  kilogrammes  of  water,  what  would 
be  the  increase  in  its  temperature  ? 
By  the  preceding  formula  we  have 

n  3000 

'  =  w-c:  whence  *  =  sooTx-i  =  6  degree8- 

Third  example.  —  How  many  units  of  caloric  are  given  out  by  100  kilogrammes  of  iron  win  n.  in 
cooling,  its  temperature  is  lowered  200  degrees  ? 

The  preceding  Table  indicates  that  the  calorific  capacity  of  iron  is  0-  11,  therefore 

n  =  200°  x  100*  x  0-11  =  2200  units. 

Fourth  example.  —  When  100  kilogrammes  of  a  body  give  out  1000  units  of  heat  iu  cooling,  and 
its  temperature  is  lowered  55  degrees,  what  is  its  calorific  capacity  ? 

From  the  same  formula  whence  we  derived  the  value  of  t,  we  also  obtain 

n  1000 


To  Find  the  Temperature  of  a  Mixture  or  Compound.  —  This  problem  is  susceptible  of  various  solu- 
tions, according  as  the  capacities  of  the  substances  compounded  are  equal  or  different.  We  will 
give  examples  of  both  cases.  It  is  possible,  however,  to  establish  a  general  formula,  that  will  only 
be  simplified  if  the  masses  or  capacities  are  equal. 

If  two  substances  be  compounded  whose  weights  are  W  and  W',  the  temperatures  t  and  t',  and 
the  capacities  c  and  c',  there  will  result  a  final  temperature  JT,  to  find  which  we  reason  thus  : 

After  mixing,  the  two  masses  will  have  acquired  an  even  temperature  ;  the  one  will  be  » 
certain  number  of  degrees  colder,  represented  by  t  —  x,  whence  the  number  of  units  it  will  have 
lost  will  be  =  (t  -  ic)Wc;  while  the  other,  on  the  contrary,  will  have  acquired  an  accession  of 
caloric  (x  —  t")  W  c'. 

But  since  that  which  was  lost  by  one  of  the  masses  has  been  gained  by  the  other,  these  two 
quantities  are  equal,  and  give  the  following  equation  : 

(t  —  ar)Wc  =  (z  — 


from  which  we  obtain  fWc  +  t'Wc1 

X  =    — TTT  .    .    -rifi-77-  , 


x  being  the  required  temperature  of  the  compound. 

It  is  evident,  however,  that  when  the  masses  or  the  capacities  are  equal,  the  symbols  whe 
they  are  represented  must  be  eliminated  from  the  foregoing  expression.    For  instance,  if  the  masse* 
of  the  bodies  compounded  were  equal,  we  should  have  W  =  W1  ;  and  the  relation  would  assi 

following  form:  !±2>;  whence  we  have  (-,  where  W  necessarily  disappear., 


tc         c  ml 

leaving  x  =  -^  +  ^   , 

that  is  to  say,  the  mass  is  not  to  be  considered. 

If  the  capacities  were  equal,  the  same  operation  would  be  performed  with  respec 
which  would  disappear,  the  formula  taking  the  shape 

_  t  W  +  f  W  rE1 

W  +  W    ' 

Finally,  if  the  masses  and  the  cavities  both  happened  to  be  equal,  one  expression  woul 
be  reduced  to  the  following  : 


It  will  be  seen  that  the  foregoing  first  general  expression  [B]  •office,,  ^  to^e 
of  a  compound  under  every  condition.    We  may  even  su,.,K,,e  the  f-rn 
proposed  to  find  the  requisite  proportions  of  a  compound  in  order  to  ol.t.un 


t'  =  40  degrees. 

t  +  t'      25°  +  40° 
Formula  [F]  x  =  -±-  =  -  £~ 

Second  example.     Equal  capacities.-What  will  be  the  *"V**^«  of  »  mixture  °f  10  kl|n 
grammes  of  water  at  12  degrees  and  15  kilogrammes  at  5 

Formula  [E]:  (lj|8  x  1Q)  +  (f)(r  x  15)  =  ^ 

w'   :  10  +  ir. 


;  - 


tc  +  t'c'     (90°  xD  "  ??5>  =  83-5degroe». 

*  ~    c  +  c'    ''  "1  +  0-OH3 


396  BOILER. 

So  that  the  temperature  has  only  fallen  6°'5,  to  raise  that  of  the  500  kilogrammes  of  copper 
from  15°  to  83°  '5:  this  is  owing  to  the  enormous  difference  between  the  capacity  of  water  and 
that  of  copper. 

Fourth  example.  All  conditions  differing.  —  A  mass  of  iron  weighing  150  kilogrammes,  and 
at  a  temperature  of  300  degrees,  is  plunged  into  100  kilogrammes  of  water  at  10  degrees;  what 
will  be  the  temperature  of  the  water  when  equilibrium  of  temperature  has  been  established  ? 

The  different  data  of  the  problem  stand  thus  : 


weigh,,    ..  .... 

Formula  [C]: 

_  tWc  +  t'W'c'  _  (10°  x  100*  x  1)  +  (300°  x  150"  x  Q-ll) 
1  ~We+W^~  ''  (100"  x  i)  +  (I.™"  x  o-ii) 


(100"  x  i)  +  (I.™"  x  o-ii) 

Fifth  example.  Mixture  of  gases.  —  The  preceding  rules  appry  equally  to  the  mixtures  of 
bodies  whose  quantities  are  expressed  by  their  volumes.  Thus  it  has  been  already  seen  that  the 
relative  capacities  of  gases  have  been  ascertained  in  this  manner,  by  taking  atmospheric  air  as  the 
unity. 

We  propose,  therefore,  to  find  the  temperature  a:  of  a  mixture  of  two  volumes  of  hydrogen  and 
oxygen  under  the  following  conditions  : 


volume,    ..  .. 

Formula  [C]  : 

't'c'  _  (i«°c  x  10o  x  Q.9035)  +  (Qmc.gQo  x  450  x  Q-9765) 


_ 
cV  +  c'V  (0-9035  x  1)  +  (0-9765  x  0-800) 

To  Find  the  Proportions  of  a  Mixture.  —  It  is  as  frequently  required,  in  practice,  to  ascertain  in  what 
proportion  a  mixture  ought  to  be  compounded  so  as  to  have  a  certain  temperature,  as  it  is  to  per- 
form the  inverse  operation  :  and,  although  the  only  thing  necessary  for  that  purpose  is  a  suitable 
adaptation  of  formula  [B]  or  [C],  involving  no  difficulty,  we  will,  nevertheless,  give  a  few  more 
examples. 

First  example.—  Given  a  mass  of  lead  weighing  75  kilogrammes,  at  150  degrees,  in  what  body 
of  water  at  12  degrees  should  it  be  plunged  in  order  that  the  whole  exceed  not  20  degrees  at  the 
moment  that  the  equilibrium  of  temperature  is  established  between  the  liquid  and  the  metal  ? 

The  unknown  quantity,  this  time,  is  the  weight  W  of  the  mass  of  water  ;  and,  if  we  retain  the 
same  notation  as  in  formula  [B],  a-,  the  temperature  of  the  mixture,  will  equal  20  degrees.  Con- 
sequently, the  fundamental  formula  [B]  being  (t  —  x)  W  c  =  (.r  —  t")  W  c',  we  easily  extract  from 

~ 


_ 

it  the  value  W  —  --  -  -  ,  which  becomes  the  general  expression  applicable  to  all  problems 

(t  —  X)  C 

of  the  nature  of  the  one  above  proposed,  and  of  which  we  will  now  give  the  solution.  It  must  be 
observed,  however,  that  in  this  particular  case,  where  t'  is  greater  than  or,  and  x  is  greater  than  t, 
it  would  be  as  well  to  transpose  the  complex  quantities  between  brackets  in  order  not  to  have 
negative  values,  which  should,  nevertheless,  not  affect  the  result  :  on  the  other  hand,  as  x  is  no 
longer  the  unknown  quantity,  we  shall  replace  it  by  the  sign  T,  to  indicate  the  given  temperature 
of  the  mixture. 

The  foregoing  expression,  thus  modified,  then  becomes 

(f-T)WV 
(T-Oc     ' 

and  if  we  introduce  into  this  formula  the  several  data  of  the  problems,  together  with  the  calorific 
capacity  of  lead  =  0'0293  (second  Table),  we  find  that  the  body  of  water  required  is 
_      (150°  -20°)  75x0-0293 

C20Q-12°)xl          =  3°  '  7°9  ^ll°SI&wmeB- 

The  relative  smallness  of  this  weight  of  water  is  perfectly  in  accordance  with  the  small  calo- 
rific capacity  of  lead,  which  is  about  the  three-hundredths  of  that  of  water. 

Second  example.  —  What  weight  W  of  cold  water,  at  t  =  12  degrees,  must  be  added  to  W', 
=  100  kilogrammes  of  the  same  liquid,  at  t'  -  80  degrees,  so  as  to  obtain  a  mixture  T,  =  20 
degrees  ? 

As  here  the  capacity  is  the  same  for  both  masses,  the  formula  [G]  becomes 

(t'  -  T)  W  (80  -  20)  x  100 

W  =  —  -=  —  —  ;  whence  W  =  i  -  n  —  -,„  -  =  7oO  kilogrammes. 

\  A  —  t)  z(J  —  1Z 

These  examples  will  be  sufficient  to  show  the  utility  and  the  application  of  the  coefficient  of 
specific  heat  ;  they,  moreover,  lead  up  to  the  solution  of  those  problems  involving  quantities  of 
latent  heat,  touching  which  we  are  now  going  to  speak.  It  must,  however,  be  stated  that  the 
experiments  that  have  enabled  the  determination  of  the  calorific  capacities  of  the  different  bodies 
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correspond  only  with'aT  limited  range  of  temperature,  beyond  which  those  capacities  may  be  found 
to  vary  slightly.  But,  in  practice,  this  uncertainty  has  no  material  importance,  especially  as 
bodies  that  are  subjected  to  heat  invariably  lose,  from  accidental  causes,  quantities  thereof  consi- 
derably greater  than  could  possibly  arise  from  the  incorrectness  of  the  coefficients. 

Latent  ffeat.—At  the  moment  any  change  takes  place  in  a  body,  whether  it  be  its  transition 
from  the  solid  to  the  liquid  state,  or  from  this  last  to  that  of  gas,  a  very  curious  and  remarkable 
calorific  phenomenon  is  observed.  It  is  found  that  its  temperature  remains  the  same  so  long  as 
the  change  in  its  state  is  going  on,  and  consequently,  that  the  quantities  of  heat  with  which  it  u 
supplied  in  the  meanwhile  are  not  perceptible  by  the  thermometer. 

This  peculiarity  is  thus  explained  :  while  a  body  is  changing  its  state,  it  absorbs  a  certain 
amount  of  heat  which  is  exclusively  employed  in  bringing  about  that  change,  but  does  not  in  any 
way  tend  to  modify  the  temperature  of  the  body.  Hence  the  term  latent  given  to  that  quantity  of 
heat,  which  effectually  is  hidden,  since  it  cannot  be  detected  by  the  instrument  generally  UBW!  to 
reveal  its  presence.  Latent  heat  was  discovered,  compared,  and  measured  by  Dr.  Black. 
•  In  like  manner,  if  either  of  the  above-mentioned  changes  takes  place  inversely  in  a  body  —  that 
is  to  say,  if  from  the  state  of  gas  it  passes  to  that  of  liquid,  or  from  the  state  of  liquid  to  that  of 
solid  —  it  will  be  observed  to  give  out  a  certain  quantity  of  heat  without  its  temperature  IN  mx  in 
the  least  affected  thereby  while  the  operation  is  going  on.  This  is  nothing  more  than  its  abandon- 
ment of  that  latent  heat  which  was  necessary  to  maintain  it  in  its  recent  state. 

Fusion  Heat.  —  The  first  example  to  be  cited  in  demonstration  of  the  existence  of  latent  heat,  is 
the  transformation  of  water  into  ice,  or,  reciprocally,  its  return  from  the  solid  to  the  liquid  state. 
Long  before  the  experiments,  which  we  will  tenn  quantitative,  were  made,  it  was  known  that  there 
existed  solid  water  (ice)  as  well  as  liquid  water  at  zero,  although  it  was  necessary  to  heat  the  ice 
to  cause  it  to  melt.  That  already  sufficed  to  reveal  the  existence  of  a  certain  amount  of  calorio 
absorbed  solely  by  this  change  of  condition  ;  but  its  great  importance  had  yet  to  be  discovered. 
It  was  then  shown,  after  very  minute  researches,  that  if  1  kilogramme  of  ice  at  zero  be  brought 
into  contact  with  1  kilogramme  of  water  at  79°,  there  will  remain,  after  the  fusion  is  completed, 
2  kilogrammes  of  water  at  the  temperature  of  zero.  Consequently,  the  whole  of  the  manifest  heat 
contained  in  the  1  kilogramme  of  liquid  water  is  absorbed  in  reducing  the  1  kilogramme  of  ice  to 
a  similar  state  ;  and,  while  the  temperature  of  the  latter  remains  unaltered,  that  of  the  former 
falls  from  79  degrees  to  zero.  The  result  would  be  the  same  if,  instead  of  1  kilogramme  aft  78^, 
we  took  79  kilogrammes  at  1°. 

By  referring  to  what  has  been  said  about  calorific  capacity,  we  perceive  that  the  one  kilo- 
gramme of  water  at  79°  represented  the  same  number  of  units  of  heat  as  were  actually  employed 
m  melting  the  one  kilogramme  of  ice;  whence  we  conclude  (see  the  experiments  of  MM.  de  la 
Provostaye  and  Desains)  that 

One  kilogramme  of  ice,  at  the  temperature  of  zero,  will  absorb  79  units  of  heat,  called  latent,  or,  mart 
strictly,  79  •  25  units,  in  order  to  pass  into  the  liquid  state  :  that 

One  kilogramme  of  water,  at  no  matter  what  temperature,  contains,  above  zero,  as  many  units  of  caloric 
as  it  does  degrees  of  temperature,  plus  79  '  25. 

This  phenomenon  of  latent  fusion  heat  is  common  to  all  bodies  which  possess  each  their 
peculiar  quantity  of  caloric  absorbed  for  each  unit  of  weight. 

As,  in  steam-engines,  water  intervenes  solely  under  its  second  change  of  state,  we  will  not 
dwell  any  longer  upon  the  first—  though  we  deemed  it  indispensable  that  it  should  be  known, 
but  will  close  this  part  of  the  subject  by  a  few  examples. 

First  example  of  the  latent  fusion  heat  of  ice.—  We  propose  to  find  the  quantit 
necessary  to  melt  a  certain  weight  of  ice  at  the  assumed  temperature  of  zero,  which  shall  also  bo 
the  temperature  of  the  mixture  after  the  fusion  has  taken  place.    Let  the 

Weight  of  the  ice  be  ..      ..      ........     W  =  2f>  kilogrammes. 

Weight  of  the  water  be     ..........     W'  =  unknown. 

Temperature  of  the  water  be    ........       t    =  15  de- 

Fusion  heat  be     ..............       '    =  79  -25  unite. 

Solution.—  On  the  one  hand,  it  takes  as  many  times  79  '25  units  as  there  are  kilopamme.  of 
ice  •  and  on  the  other,  that  number  of  units  is  equal  to  the  product  of  the  weight  o 
required  by  its  temperature,  that-is  to  say,  W  /  =  W'  t.    Therefore  we  have 

oe  x  79-95 
25  x  79-25  =  W'  x  15°;  whence  W'  =  -  -  =  132-08  kilo.. 

19 

Second  example.—  If  W  =  10  kilogrammes  of  ice  at  zero  be  thrown  into  W  =  100  kilogramme* 
of  water  at  18°,  what  will  be  the  temperature  x  of  the  mixture  after  fu«»o 

Solution.-It  will  require  10  times     to  melt  the  ice,  wl,i,-h  *,  11  have  to  be  i 
the  manifest  quantities  of  heat  contained  in  the  water  or,  100  time.  18  degr  ees  ;  a  ,d  t  ho  p,    .,  ,,,l 
temperature  x  is  the  quotient  of  that  difference  divided  by  the  sum  of  the  weight. 

Thu8'  (fW')-(/W)  _  (18°  x  100)  -00x79-25)  = 

'  0  --  10 


We  may  here  remark  that  it  is  easy  to  calculate  the  total  amount  of  brat  n  * 
out  by  this  liquid  mass  in  passing  into  the  solid  state  at  the  faBpmfcn  of 
then  have  n  =  (W  +  wv  +  (W  +  W)  *';  or,  (W  +  W')  x  </  +  *); 

whence     n  =  (10  +  100)  x  (79  •  25  +  18^  =  10C97  •  5  units. 

And,  nice  versa,  this  same  quantity  of  heat  would  be  capable  of  increasing  by  one  degree  II 
temperature  of  10697  '5  kilogrammes  of  water. 
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Latent  Heat  of  Steam. — During  the  second  change  of  state  to  which  bodies  are  liable,  the  efforts 
are  precisely  identical  with  the  above.  When  a  liquid  is  transformed  into  steam  it  absorbs  n 
larire  amount  of  heat  which  is  entirely  undistinguishablo  by  the  thermometer,  the  steam  having 
«  xai'tly  the  same  temperature  as  the  liquid  whence  it  emanates.  The  difference  that  exists 
lx  -tween  the  effects  of  fusion  and  evaporation  is  this,  that,  weight  for  weight,  the  quantities  of 
latent  heat  absorbed  are  much  more  considerable  in  the  latter  case.  But  both  possess  this  one 
peculiarity,  that  the  ulisorption  of  Intent  heat  takes  place  whatever  may  be  the  process  of  fusion 
or  evaporation — whether  slow  or  rapid.  Thus,  any  vapour  arising  from  simple  ordinary  evapo- 
ration in  the  open  air  |H>SS<-SSI -s  just  the  same  quantity  of  latent  heat  as  that  arising  from  the 
ebullition  of  a  body  of  liquid,  subject  to  the  same  ambient  pressure. 

When  steam  is  formed  from  a  mass  of  liquid  exposed  to  the  action  of  a  fire,  it  takes  its  latent 
heat  from  that  liquid,  which  consequently  ceases  to  increase  in  temperature.  But,  if  this  steam 
emanate  from  a  liquid  apart  from  any  active  source  of  heat,  its  latent  heat  is  taken,  not  only  from 
the  liquid,  but  also  from  the  vessel  containing  it  and  from  the  surrounding  objects.  There  may 
thence  result  a  very  sensible  cooling  of  those  objects  and  of  the  said  liquid,  if  the  evaporation  can 
be  continued  without  recuperation  of  heat.  Notwithstanding  our  desire  to  avoid  purely  physical 
disquisitions,  we  cannot  refrain  from  citing  an  experiment  that  brings  clearly  to  light  this 
phenomenon  of  the  absorption  of  latent  heat  by  evaporation,  no  matter  what  the  accompanying 
circumstances  may  be  or  the  temperature  at  which  it  takes 
place. 

A  cup  of  water,  at  the  ordinary  temperature,  is  made 
to  stand  over  a  saucer  or  pan  containing  concentrated 
sulphuric  acid,  and,  the  whole  being  placed  under  the 
receiver  of  an  air-pump,  as  seen  Fig.  844,  we  begin  to 
exhaust  the  air.  By  degrees,  as  the  vacuum  is  established 
and  the  pressure  under  the  receiver  diminishes,  the  water 
begins  to  boil,  and  evaporates  the  more  rapidly  as  the 
action  of  the  machine  is  accelerated.  But  the  vapour 
thus  formed,  and  which  would  soon  arrest  all  further 
evaporation  if  allowed  to  remain  under  the  receiver,  is 
partly  taken  up  by  the  machine  while  the  remainder  is 
absorbed  by  the  sulphuric  acid ;  consequently,  the  vacuum 
is  maintained  under  the  receiver  and  the  evaporation 
continues.  But,  in  a  few  moments,  the  water  that  remains 
in  the  cup  will  be  completely  congealed,  forming  one  solid 
lump  of  ice. 

This  curious  phenomenon  is  solely  explained  by  the  definition  we  have  just  expounded  of 
latent  heat.  The  steam,  in  forming,  has  borrowed  so  much  caloric  from  the  water  as  to  lower  the 
temperature  of  the  latter  to  freeziag-point.  It  now  remains  for  us  to  give  the  value  of  this  latent 
heat  of  steam,  whose  outward  eifects  are  made  visible  by  means  of  very  simple  experiments. 

Amongst  other  experimentalists  of  merit,  the  learned  M.  Regnault  made  very  minute  re- 
searches touching  the  latent  heat  of  steam,  the  general  result  of  which  will  be  found  embodied  in 
the  following  Table : — 

TABLE  OP  THE  QUANTITIES  OF  LATENT  HEAT  r<n  STEAM  FORMED  BETWEEN  0°  AXD  230°. 

i i i] i ~ i 
Temperatures.  Latent  Heats.  Temperatures.  Latent  Heats.  Temperatures-!  Latent  Heats. '  Temperatures.]  Latent  Heats. 


0 

607 

60 

565 

120 

522 

180 

479 

10 

600 

70 

558 

130 

515 

190 

472 

20 

593 

80 

551 

140 

508 

200 

464 

30 

586 

90 

544 

150 

501 

210 

457 

40 

579 

100 

537 

160 

494 

220 

449 

50 

572 

110 

529 

170 

486 

230 

442 

The  values  that  appear  under  the  head  of  latent  heats  indicate,  the  number  of  units  of  caloric 
absorbed  by  each  kilogramme  of  steam,  at  the  corresponding  temperature,  at  the  moment  of  its 
formation.  Consequently,  those  same  quantities  of  caloric  would  be  given  out  by  the  steam  on 
its  return  to  the  liquid  state. 

For  a  long  time  it  had  been  admitted  that  the  amount  of  latent  heat  was  always  the  same,  no 
matter  at  what  temperature  steam  was  generated;  but  the  result  of  M.  Regnault's  researches 
shows  that  notion  to  be  incorrect,  and  that  the  quantity  of  caloric  that  is  absorbed  by  evaporation 
diminishes  according  to  a  certain  progression  which  is  in  inverse  ratio  to  the  temperatures. 

To  select  the  most  ordinary  examples,  let  it  be  observed  that  whereas  water  at  100  degrees 
takes  up  537  units  of  latent  heat,  that  at  150  degrees  only  absorbs  501  units. 

Application  of  the  Latent  Heat  of  Steam. — The  general  study  of  heat,  in  its  reference  to  the 
formation  of  steam  for  mechanical  purposes,  is  of  twofold  importance ;  firstly,  as  regards  the 
quantities  of  fuel  to  be  expended  ;  secondly,  as  regards  the  condensation  of  that  same  steam  after 
it  has  done  its  work.  We  will  give  examples  of  both  cases. 

First  example. — What  will  be  the  total  number  n  of  units  of  caloric  required  by  a  weight 
W  =  25  kilogrammes  of  water,  whose  temperature  t  =  10  degrees,  in  order  to  convert  it  into 
steam  under  the  pressure  of  1  atmosphere  ? 

Solution. — The  temperature  T,  apparent  by  the  thermometer,  of  steam  generated  under  a 
pressure  of  1  atmosphere,  being  100  degrees,  the  number  of  units  of  caloric  absorbed  by  each 
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kilogramme  of  water  will  be  T  -  f,  plus  the  latent  heat  I  that  corresponds  to  the  temperature  t 
according  to  the  preceding  Table.     We  therefore  have  for  the  total  number  of  units 


a  general  expression  which  gives  for  the  proposed  example 

n  =  (100°  -  10°  +  537)  x  25  =  15675  units. 

Second  example.  Mixture  of  steam  and  water.—  A  certain  quantity  of  steam  being  brought 
into  contact  with  a  given  weight  of  cold  water  at  a  fixed  temperature,  and  sufficient  toooui&i 
its  condensation,  find  the  temperature  of  the  mixture. 

Let  us  take  the  same  quantity  of  steam  as  in  the  foregoing  example,  added  to  W  =  200  kilo- 
grammes of  water,  at  a  temperature  t  =  15  degrees  ;  the  steam  being  represented  by  W 
kilogrammes  ;  T  =  100  degrees  ;  we  want  the  temperature  x  of  the  mixture. 
1    Solution.—  The  total  mass,  or  the  weight  of  the  steam  added  to  that  of  the  water,  will  neoe» 
sarily  contain  the  sum  of  the  quantities  of  heat  possessed  by  each  ;  if,  then,  wo  divide  that  sutu 
by  the  entire  mass,  we  shall  have  the  temperature  x  demanded.    Consequently 


which  is  a  general  expression,  from  which  we  obtain,  as  answer  to  our  problem, 


(100°  +  537)  x  25^  +  (15o  x 

—25*  +  200"  -  =  84-  11  degrees. 

This  result  already  shows  that  it  is  necessary,  relatively,  to  use  very  considerable  volumes  of 
water  to  cause  a  body  of  steam  to  return  to  the  liquid  state,  and  in  order  that  after  the  cond.  n- 
sation  the  temperature  of  the  water  may  not  be  too  elevated. 

Third  example.  —  Let  us  reverse  the  proposition,  that  is  to  say,  find  what  quantity  of  water 
must  be  added  to  a  given  weight  of  steam  that  the  resulting  mixture  may  not  exceed  a  certaiu 
temperature. 

Let  W  =  15  kilogrammes,  the  weight  of  the  steam  ; 
T  =  150  degrees,  its  temperature  ; 
I    =  501,  its  latent  heat  (according  to  preceding  Table)  ; 
W  =  the  weight  of  water  required  ; 
t    =10  degrees,  its  temperature  ; 
t'  =  25  degrees,  the  temperature  of  the  mixture. 

Solution.—  By  simply  bearing  in  mind  that  t'  takes  the  place  of  x,  it  is  precisely  the  above 
formula  [I],  in  which  W  becomes  the  unknown  quantity.  Thus,  t'  W  +  t'  W  =  (T  +  /)  W+  (  W  • 
whence  ^  w,_(T  +  f-QW 

Y^~t       ' 

This  last  expression  is  the  one  that  we  shall  meet  with  every  time  that  it  is  required  to  ascer- 
tain the  condensation  of  a  steam-engine  ;  we  therefore  invite  our  readers  to  give  it  due  consideration. 
As  regards  our  present  problem,  it  gives 

(100  +  501  -  25)  X  15 
W  =  —   —  250  _:  jo°  —  '  —  =  576  kilogrammes. 

That  is  to  say,  putting  it  in  general  terms,  that  in  order  that  the  condensation-water  shall  not 
exceed  25  degrees  of  temperature,  it  will  take  576  kilogrammes  of  cold  water  at  10  degree*  to 
destroy  25  kilogrammes  of  steam  at  150  degrees.  All  things  being  equal,  it  is,  moreover.  evident 
that  it  will  take  so  much  more  water  to  condense  steam,  tlmt  the  temperature  of  the  water  i- 
higher,  and  that  of  the  mixture  is  required  to  be  lower.  It  is  beyond  all  doubt  that,  under  certain 
circumstances,  it  is  impossible  to  achieve  the  direct  condensation  of  Htenni  in  cninnes  and  con- 
densing machines  for  want  of  a  sufficiently  largo  volume  of  cold  water.  We  hliall  see  by-and-l-y 
that,  in  marine  engines,  the  condensation  is  often  imperfect  or  entirely  suspended,  not  for  want  <>f 
water,  since,  in  those  cases,  it  is  drawn  from  the  ?  sea,  but  because  of  the  warmth  of  the  water, 
especially  under  the  tropics. 

Here  ends,  for  the  present,  what  we  had  to  say  concerning  latent  boat  :  it«  direct  application 
to  engines  will  render  sufficiently  intelligible  all  that  it  is  ncee.-Miry  t<>  know  IIJMHI  the  mi1 

SOURCES  OF  HEAT.  Quantities  of  Heat  supplial  by  Fuel.  —  After  the  htinly  of  the  quantitif*  of 
heat  required  to  raise  the  temperature  of  bodies  'and  produce  a  chnngn  in  their  state,  we  come 
naturally  to  that  of  the  sources  of  heat  as  regards  the  quantities  thnt  tin  y  nre  able  to  furnish.  This 
forms  the  entire  question  of  the  economy  of  caloric  in  its  production  ami  its  use. 

Science  teaches  us  that  the  combustion  of  a  body  is  the  chemical  combination  of  that  hotly  with 
oxygen,  a  phenomenon  which  is  accompanied  by  a  groat  development  of  lipht  and  heat.  If  «• 
dered  from  this  point  of  view,  all  bodies  would  be  combustibles,  since  all  possess,  more  or  Ins*.  Hi" 
property  of  combining  with  oxygen  ;  but  all  do  not  offer,  at  the  moment  of  entering  into  com- 
bination, such  properties  as  qualify  them  for  fuel,  that  is  to  say,  a  total  disengagement  of 
greater  than  that  required  to  produce  combustion,  that  combustion  goim:  <>n  even  independently 
of  the  focus  where  it  tnkes  place;  and  a  cost  price  of  the  material  it«elf  miflieiently  low.  Hut. 
quitting  generalities  and  basing  our  arguments  upon  a  few  examples,  wo  will  observe  that  w<*«l. 
coal,  hydrogen,  and  certain  other  substances  burn  almost  spontaneously,  or  i»t  leant  complete  entirely 
their  combustion  from  the  moment  that  one  single  point  of  their  mass  has  attained  tho  neoesMry 
degree  of  temperature.  Other  bodies,  such  as  metals,  that  combine  freely  with  oxy? 
burning  as  soon  aa  they  are  withdrawn  from  the  focus  where  the  combination  is  cffe"4 
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which  we  are  obliged,  in  consequence,  to  feed  witli  some  other  body  more  readily  combustible. 
Combustible  bodies,  that  is  to  say,  such  as  are  used  in  manufacture,  are  not  very  numerous,  and 
comprise 

1.  Woods,  and  vegetable  matter  generally; 

2.  Coals,  both  vegetable  aud  mineral  ; 

3.  Peat. 

These  are  the  substances  into  whose  composition  there  enters  the  greatest  amount  of  carbon 
and  hydrogen,  the  only  two  simple  bodies  which  jwssess,  independently,  all  the  requisite  properties 
for  the  phenomenon  of  combustion  in  its  application  to  manufacture,  and  the  quality,  therefore,  of 
being  excellent  combustibles.  Animal  substances,  such  as  flesh,  grease,  and  bone,  are  likewise 
hitrhly  combustible  ;  but,  on  account  of  the  complexity  of  their  composition,  the  absorption  of  heat 
indispensable  to  the  separation  of  their  various  elements  at  the  moment  of  combustion  is  very  con- 
siderable, so  that  a  given  weight  of  animal  matter  does  not  furnish  so  large  an  amount  of  useful 
heat  as  combustibles  of  a  simpler  nature.  Besides  this,  there  are  sufficient  uses  for  animal  sub- 
stances without  employing  them  as  fuel,  though  it  has  sometimes  been  done. 

Our  examination  of  combustibles  can  only  be  very  brief,  our  object  being  merely  to  make  known 
what  quantities  of  heat  each  is  able  to  furnish  for  every  unity  of  weight. 

The  estimation  of  these  quantities  of  heat  is  entirely  based  upon  the  calorific  unity  already 
defined.  Thus  let  us  suppose  a  kilogramme  of  any  combustible  body  to  be  taken,  and  that 
it  be  found  that  the  heat  it  has  given  out  during  its  total  combustion  has  raised  the  temperature 
of  2000  kilogrammes  of  water  1  degree ;  if  the  experiment  be  made  with  sufficient  precision  to 
satisfy  us  that  all  the  heat  thus  produced  has  been  absorbed  by  the  water,  we  then  say  that  the 
burning  of  1  kilogramme  of  that  combustible  has  supplied  2000  units  of  heat,  for  we  are  aware  that 
that  is  the  standard  whereby  we  should  measure  the  quantity  of  heat  necessary  to  cause  a  variation 
of  1  degree  in  the  temperature  of  2000  kilogrammes  of  water.  The  amount  of  heat  given  out,  so 
measured,  takes  the  name  of  calorific  power  of  the  combustible  whence  it  emanates ;  and  very 
accurate  experiments  have  been  made  in  order  to  ascertain  thus  the  calorific  power  of  every  sub- 
stance. Those  experiments  have  shown  that  not  only  does  the  said  power  differ  with  different 
bodies,  but  it  also  varies  considerably  in  bodies  whose  composition  is  susceptible  of  change.  Thus 
the  combustibles  used  for  industrial  purposes,  being  substances  of  a  complex  nature,  are  all  pos- 
sessed of  that  peculiarity— a  variable  calorific  power.  For  instance,  woods,  being  of  a  kind,  are 
essentially  different  in  their  composition,  setting  aside  their  greater  or  less  degree  of  desiccation. 
The  several  sorts  of  coal,  though  variations  in  their  composition  are  not  so  great,  still  show  a  differ- 
ence. Even  charcoal,  one  of  the  purest  of  all  combustible  substances,  evinces  likewise  varieties, 
owing  to  its  more  or  less  perfect  preparation. 

Such  differences  should  be  considered,  however,  as  of  a  scientific  nature,  not  industrially :  that 
is  to  say,  every  combustible  possesses  a  mean  calorific  power  which  is  all-sufficient  for  the  purpose 
we  propose.  The  following  Table  is  a  summary  of  the  principal  substances  and  their  mean  power, 
to  which  we  have  added  the  calorific  powers  of  hydrogen  and  of  bicarbonate  of  hydrogen  or 
common  gas,  though  these  two  last  are  not  yet  considered  as  combustibles  in  an  industrial  sense. 

TABLE  OF  THE  CALORIFIC  POWERS  OF  COMBUSTIBLES  USED  FOR  INDUSTRIAL  PURPOSES. 


Names  of  Combustibles. 

Calorific  Power 
expressed  in 
units  of  Heat 
given  out  by  the 
combustion  of 
1  kilogramme  of 
each  Substance. 

Authorities. 

Pure  hydrogen  (the  kilo.)      

34162 

Favre  and  Silbermann 

„             (the  cub.  met.)      
Bicarburetted  hydrogen  (the  kilo.) 
„                    „           (the  cub.  met.) 
Pure  carbon      

3067 
11857 
15117 

8080 

V                                     » 
V                                        » 

»                          » 

Charcoal  (mean)      

7000 

Pe'clet. 

Wood  (very  dry)      

3700 

Rumfort 

„     (ordinary  condition)  (mean) 
Coal  (mean)      

2800 
7000 

H 

Dulong. 

Coke  (to  0  •  15  of  cinders)        
Common  peat  (mean).     .' 
Purified  colza  oil     .  .        

6000 
3600 
9307 

Pe'clet. 

>» 
Kumfort 

Alcohol,  at  42°  Beaume  

6855 

Dulong. 

The  values  indicated  in  this  Table  represent  the  maximum  of  heat  for  each  corresponding  com- 
bustible ;  we  shall,  therefore,  term  them  the  theoretical  calorific  powers,  of  which  a  certain  amount  only 
can  be  utilized  in  practice.  See  FUEL.  It  must  not,  however,  be  taken  for  granted  that  these 
values  are  entirely  exempt  from  slight  errors ;  the  diversity  of  the  results  obtained  by  equally  skilful 
experimentalists  proves  the  contrary;  and,  besides,  it  is  not  probable  that,  in  so  complicated  a 
phenomenon  as  that  of  the  combustion  of  a  body,  the  figures  obtained  can  be  always  the  same  and 
invariable.  But  these  differences  become  more  manifest  when  the  combustibles  are  employed  for 
industrial  purposes,  and  seem  to  banish  all  hope  of  our  being  able  to  rely  on  such  calorific 
powers  as  mathematically  correct,  since,  in  those  cases,  they  are  neither  prepared  nor  selected  with 
the  same  care  as  when  used  for  .experiment  only.  These  values,  notwithstanding,  such  as  they 
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are,  may  be  of  undeniable  service,  and  this  we  shall  see  later. 


The  figure  representing  the  calorific  power  of  a  combustible  plays  the  same  part  it 
generators  as  does  the  measure  of  the  expenditure  of  water  in  hydraulic  moVrT  in  both  eJj 
is  evidently  the  point  upon  which  the  result  ia  based ;  therefore  i.  it  very 
should  exist  no  uncertainty  regarding  it. 

Application  of  Calorific  ^ouwr.— Before  occupying  ourselves  with  the  sources  of  heat  we  fint 
examined  the  interchanges  thereof  that  take  place  between  different  bodies/and  thenthe  aWur 
of  caloric  requisite  to  increase  the  temperature  of  bodies  a  given  quantity  or  cause  their  chS        >' 
state.    Having  proceeded  thus  far,  we  are  now  prepared  to  calculate  the  amount  of  comb 
necessary  to  be  expended  for  the  accomplishment  of  these  operations 

We  must   however  make  one  important  remark,  namely,  that  what  we  seek  in  the  following 
examples  is  the  useful  quantities  of  heat,  that  is  to  say,  those  that  are  absolutely  n£ 
regardless  of  what  is  lost,  and  of  the  excellence  of  the  focus  or  the  disposition  of  the  anDaratna 

Researches  respecting  the  Expenditure  of  Fuel  required  to  produce  a  given  Increase  of  Temptratvre  — 

Solution.— Since  the  preceding  notions  indicate  in  what  manner  we  are  to  ascertain  the  quantity 
n  of  units  of  heat  to  be  supplied,  we  very  easily  find  that  the  weight  v>  of  the  charcoal,  whose 
calorific  power  we  will  call  w,  is  v>  =  ^ .  Granting,  according  to  the  preceding  Table,  that 
«  =  7000,  the  number  corresponding  to  common  charcoal,  we  then  have 

10  x  100 


And  that  is,  effectually,  all  the  weight  of  coal  that  ought  to  be  expended  if  the  whole  he*t 
produced  by  the  combustible  could  be  absorbed  by  the  water.  But  even  supposing  that  the 
vessel  that  contains  the  liquid,  and  the  focus,  being  previously  heated,  absorb  none  of  the  caloric 
there  would  still  remain  other  losses  which  would  increase  in  a  notable  manner  the  above 
theoretical  quantity.  For  instance,  let  us  imagine  the  arrangements  to  be  such  that  0  •  6  of  th« 

heat  are  utilized,  we  should  then  burn,  in  reality,  —   —  =  Ok'237  of  charcoal. 

Second  example. — What  weight  of  coal  must  be  burnt  in  order  to  liquefy  50  kilogramme*  of 
ice  at  zero,  and  raise  it  to  a  temperature  of  100  degrees? 

Solution.— The  number  of  units  of  heat  n  to  be  supplied  being  (t  +  I)  W,  we  have 
(100  +  79)  x  50 
"7600- 

Evaporating  Power  of  a  given  Weight  of  Combustible. — What  weight  of  steam  at  a  temperature  of 
100  degrees  would  be  produced  by  the  useful  expenditure  of  1  .kilogramme  of  coal,  supposing  the 
temperature  of  the  water,  before  heating,  to  be  15  degrees  ? 

This  is  the  most  important  problem  of  the  application  of  caloric  to  steam-engines ;  it  in  the 
pivot,  as  we  shall  presently  see,  around  which  all  the  improvements  therein  that  have  hitherto 
been  conceived,  and  are  still  likely  to  be,  revolve. 

Solution. — It  has  already  been  seen  [H]  that  the  number  of  units  of  heat  necessary  to  a  certain 
weight  of  water,  in  order  to  convert  it  into  steam,  is  expressed  by  n  =  (T  —  t  +  1)  W ;  aod  a* 
that  number  of  units  must  be  equal  to  the  number  given  out  by  the  weight  v>  of  the  proposed  furl, 
whose  calorific  power  is  u,  we  have  wu  =  (T  —  t  +  l)W ;  hence  the  required  weight  of 

will  be  W  =        ""       =       *    *-7-^    -  =  12k-21 ;  which  amounts  to  this,  that 

J.  *~  t  -f-  *          1UU  —  10  -p  Oo/ 

1  kilogramme  of  coal  can,  THEORETICALLY,  evaporate  about  12  kilogrammes  of  wafer,  «eAo«« 
rature,  before  the  application  of  heat,  was  15  degrees. 

If  we  had  supposed  the  steam  to  be  of  a  higher  temperature,  the  quantity  of  fuel  would  likewise 
have  been  slightly  increased,  but  only  slightly,  because  the  latent  heat,  which  is  more  considerable, 
varies  but  little,  and  inversely.  We  will  give  no  further  example,  as  this  la*t  will  suffice  at  the 
basis  for  all  future  discussions  upon  the  subject.  It  is  essential.  li..«.  v.  r.  that  we  should  make 
one  remark  with  regard  to  the  above  result  as  compared  with  those  obtained  in  pra- 1  . 

Generally  speaking,  a  good  generator  will  evaporate  7  kilogrammes  of  vut.-r:  \<-r\  ofU»n  it  is 
less ;  but  sometimes  it  is  more,  and  even,  in  certain  cases,  it  has  almost  touched  the  theoretical 
figure  of  12  kilogrammes,  which  it  seems  very  difficult  to  attain,  if  ever.  By  the  aid  of  special 
arrangements,  however,  and  such  artifices,  for  instance,  as  activating  the  combustion  by  means  of 
an  additional  current  of  air,  and  so  completing  the  conversion  of  the  coal  into  carbonic  arid  and 
preventing  any  particle  of  matter  escaping  without  being  consumed  and  giving  up  its  contribution 
of  heat,  it  may  be  done.  This  is  what  is  called  consuming  the  smoke,  which  i»  nothing  else,  for  the 
most  part,  but  unconsumed,  and  consequently  non-utilized  coal.  It  may  bo  well  to  remind  our 
readers  that  the  number  7600,  which  indicates  in  the  preceding  Table  the  number  of  units  of  heat 
for  every  kilogramme  of  coal,  is  a  mean,  and  may,  consequently,  be  sometimes  eiceeded.  To 
establish  absolute  limits,  we  will  suppose  that  pure  carbon  is  used,  furnishing  8000  units  of  beat, 
and  we  then  find  that  1  kilogramme  of  that  superior  fuel,  compared  with  coal,  yet  only  supplsM 

12-21  x  8000 
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We  have  given  no  examples  of  the  use  of  the  other  combustibles,  since  in  all  cases  the 
operation  would  be  evidently  identical ;  it  is  simply  necessary  to  alter  the  value  of  u,  that  is,  of 
the  coefficient  of  calorific  power.  The  only  point  that  it  might  be  interesting  to  examine  is  the  cost 
of  the  unit  of  heat  with  each  different  combustible,  and  this  has  been  done  with  much  care  by  Peclet 
in  his  excellent 4  Treatise  on  Heat.'  But  it  is  to  be  remarked  that  the  use  of  such  or  such  a  com- 
bustible depends  much  less  upon  its  venal  value  than  upon  the  greater  or  less  facility  with  which  it 
can  be  procured  in  each  locality.  Thus,  some  countries  possessing  coal  and  eompttBtively  little 
wood,  like  England,  France,  and  Belgium,  usually  adopt  the  first  as  fuel,  it  Ix-ing  nlso  the  one 
that  gives  out  the  most  heat  as  it  occupies  the  least  space,  and  is  capable  of  producing  a  more 
intense  increase  of  temperature  at  the  focus.  On  the  other  hand,  there  are  services,  such  as  the 
navy,  which  will  always  choose  the  richest  combustible  because  of  the  economy  of  space.  But  it 
also  sometimes  happens  that  a  manufacturing  establishment  possesses  some  fuel  emanating  from 
its  own  works,  and  therefore  at  its  disposal  almost  free  of  cost,  on  which  account  it  uses  it  without 
having  to  inquire  whether  it  is  more  or  less  rich  than  this  or  that  other.  Thus  it  is  that  we  see  saw- 
mills feeding  their  furnaces  with  sawdust  and  shavings,  tan-yards  using  their  tan,  and  the  sugar- 
refiners  of  the  colonies  the  peelings  of  the  dried  canes.  So  that  the  cost  of  the  unit  of  heat  could 
only  have  a  real  interest  in  such  an  event  as  all  the  combustibles  being  equally  accessible,  a 
circumstance  which,  we  may  safely  say,  never  takes  place. 

MECHANICAL  PROPERTIES  OF  STEAM.  Conditions  relating  to  the  Flow  and  Expenditure  of  Steam. — 
All  that  has  hitherto  been  seen  regarding  steam  may  be  considered  as  constituting  its  physical 
properties,  thai  is  to  say,  those  natural  phenomena,  occasioned  by  the  intervention  of  heat,  which 
convert  a  body  into  a  gaseous  fluid  that  may  be  considered  as  such,  and  possessing  all  the 
characteristics  of  permanent  gases.  Like  unto  the  latter,  and  fluids  in  general,  steam  is  susceptible 
of  motions  and  effects  that  no  longer  arise  from  the  mutual  actions  of  the  ponderable  or  imponder- 
able elements  of  which  it  is  formed,  but  from  the  mechanical  efforts  to  which  it  may  be  subjected  or 
which  it  is  capable  itself  of  producing. 

If  we  adopt  water  as  our  standard  of  comparison,  we  observe  that  this  liquid,  independently  of 
its  physical  properties,  such  as  density,  calorific  capacity,  and  so  forth,  possesses  also  the  mechanical 
properties  due  to  the  action  of  gravity,  which  enable  it  to  be  considered  under  the  aspect  of  its 
motions,  the  velocity  it  can  acquire,  and  the  efforts  it  is  able  to  transmit  by  yielding  to  the  influence 
of  gravitation  and  of  its  own  substance.  The  same  thing  precisely  happens  with  steam,  and  gases 
in  general,  which  can  move,  acquire  velocity,  and,  finally,  exert  mechanical  efforts  by  virtue  of 
their  expansive  force,  which  here  takes  the  place  of  simple  gravity  in  a  liquid. 

\Ve  propose,  therefore,  to  examine  steam  under  these  several  phases,  giving  to  our  investi- 
gations the  title  of  pneumodynamics. 

Flow  of  Steam  through  a  Narrow-edged  Orifice. — When  two  vessels,  containing  gases  of  unequal 
pressures,  are  made  to  communicate,  a  flow  of  gas  immediately  takes  place  from  the  vessel  where 
the  pressure  is  the  greatest  to  that  where  it  is  the  least ;  precisely  as  it  would  occur  if,  instead  of 
gases,  the  two  vessels  held  liquids  of  different  densities  or  uneven  levels,  or  if  one  of  them  were 
entirely  empty. 

Gases,  like  liquids,  tend  towards  establishing  their  equilibrium,  then,  and  in  so  doing,  both 
follow  the  same  law. 

It  is  shown  that  the  flowing  of  a  fluid  through  an  orifice  bored  in  the  side  of  the  vase  contain- 
ing it,  and  below  the  free  surface,  depends,  as  regards  velocity  and  product,  upon  two  principal 
conditions— the  section  of  the  orifice  and  the  vertical  distance  between  its  centre  and  the  surface 
of  the  liquid ,  and  that  the  velocity  is  expressed  by  the  invariable  formula  v  =  V  2  g  h  (see 
HYDRAULICS),  where  g  equals  9  •  8088,  and  represents  the  velocity  acquired  in  one  second  of  time 
by  a  body  falling  in  vacuum. 

It  is  also  shown  that  the  volume  of  water  flowing,  in  a  given  time,  is  the  product  of  that 
velocity  by  the  section  of  the  orifice,  and  by  a  certain  coeflicient  of  contraction. 

It  is  exactly  the  same  with  gases,  only  that  the  height  h  of  the  liquid  is  replaced  by  the 
expansive  force  of  the  gas.     Consequently    setting  aside  for  the  present  the  other  conditions  of 
the  problem,  let  us  see  what  the  value  of  h  would  be  in  the  case  of  a  gas.     For  this  purpose  we 
will  suppose  that  the  flow  takes  place  through  a  narrow-edged  orifice  which, 
by  its  contraction,  diminishes  the  expenditure,   but  without  altering  the  845 

velocity. 

Velocity  with  which  a  Gas  flows  from  a  Narrow-edged  Orifice. — Theory  and 
experiment  both  prove  that  the  velocity  of  an  ELASTIC  fluid,  flowing  in  a  certain 
medium  and  through  a  narrow-edged  orifice,  is  the  same  as  that  which,  under  similar 
conditions,  would  be  possessed  by  a  NON-ELASTIC  fluid  of  equal  density  with  the  gas, 
but'which,  by  its  height  of  column  above  the  centre  of  the  orifice,  would  be  capable  of 
exerting  a  relatively  equal  pressure. 

To  render  this  theorem  fully  intelligible,  let  us  suppose  two  vases,  A  and  B, 
Fig.  845,  both  standing  in  the  same  medium,  the  atmosphere  for  instance,  the 
one  being  filled  with  a  liquid  and  the  other  with  a  gas,  under  the  following 
conditions: — 1st,  the  gas  in  the  vase  A  to  have  a  certain  pressure;  2nd,  the 
liquid  in  the  vase  B  to  be  of  the  same  density  as  the  gas,  unconfined,  and  having 
a  height  of  column  h  sufficient  to  press  the  bottom  of  the  vessel  B  with  an 
intensity  equal  to  the  pressure  exerted  by  the  gas  against  the  inner  sides  of 
the  vessel  A. 

These  conditions  being  satisfied,  if  a  small  orifice  a  be  opened  at  some  point  of  the  vase  A,  and 
another  6  at  the  lower  part  of  the  vase  B,  the  gas  and  the  liquid  will  both  begin  to  flow,  and  with 
the  same  velocity.  This  law  enables  us  to  work  out  a  first  problem  which  will  assist  us  in 
establishing  the  general  formula  applicable  to  our  present  requirements. 
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what  velocity  a  second 
we  have 
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Pressure  of  air  (in  cent,  of  mercury') 
Density 


P  = 

d  = 


0-70 
0-001299 


»  ••  ••         W     «S       V     UVI, 

of  mercury  .        rf  =  13.598 


Pressure  of  medium  where  the  flow  takes  place 
Velocity  of  flow  in  a  second  of  time 


p  = 


0-0 
*/2,j/,. 


It  will  be  seen,  in  accordance  with  the  preceding  theorem,  that  there  only  remains  to  n^ortoin 
h  to  complete  the  solution  of  the  problem.   Moreover,  we  know  that  that  h,i,rht  .mi-l  beeJS 
to  a  column  of  liquid  of  the  same  density  as  air,  and  exerting  the  «uue  DMHUBI 
that  pressure  being  equal  to  the  difference  of  pressures  between  the  gas  and  the  in,.ii,uu  whew 
the  flow  takes  place,  or  P  -  p.     But  here  p  being  a  vacuum,  and  coii«.,,u«,tlv  «iuivul,-nt  to  z« 
thP  nr««,iir«  P  -  p  is  exactly  equal  to  P,  and  corresponds  with  a  column  of  mercury  of  0  •  •  70  •  tl,,' 
iTnn  nf  T.^^ioof;-,  fl,,;^  +i,at  woui(j  balance  it  '     " 


It  would  therefore  take  a  column  of  fluid  7955'  7  metres  in  height,  and  of  the  same  density  aa 
the  air,  to  balance  a  column  of  Om>  76  of  mercury.  Consequently,  the  velocity  due  to  such  a  height 
will  be  v  =  Vi9'62  x  7955'7  =  395  metres,  the  answer  sought,  or  the  velocity  with  which  atmo- 
spheric air,  at  a  temperature  of  0  degrees,  would  re-enter  an  exhausted  vessel. 

In  cases  where  there  is  no  occasion  to  keep  account  of  the  changes  in  volume  and  density  caused 
by  temperature,  this  problem  offers  no  difficulty  ;  and  it  is  in  this  sense  that  we  shall  find  the 
means  of  applying  it  to  steam,  of  which  the  Tables  at  page  416  give  the  pressure  and  density  in 
relation  with  the  temperature,  which,  consequently,  may  be  omitted  from  the  foregoing  calcu- 
lation. 

The  general  formula  for  finding  the  velocity  of  a  gaa  or  steam  is  therefore  the  following  : 


wherein  v  represents  the  required  velocity  in  a  second  of  time  ; 

g        ,,          the  intensity  of  gravitation,  equal  to  9  '8088  ; 

P        „  the  absolute  pressure  of  the  gas  or  steam,  in  metres  of  mercury  ; 

p        „  the  pressure  of  the  medium  where  the  flow  takes  place,  epxressed  in  the  same 

units. 

<?        „  the  density  of  mercury  compared  with  that  of  water  and  equal  to  13*598; 

d        „  the  density  of  the  flowing  gas,  also  compared  with  Hint  of  wut«-r. 

By  introducing  the  fixed  quantities  into  the  preceding  general  formula,  we  first  of  all  got  the 
following  expression  :  _  _ 

-  A/  2  x  9-8088  x  (P  -p)  x  13-598 

d 
which  maybe  simplified  by  obtaining  the  product  of  these  same  quantities,  till  it  finally  become* 

t1_'A/266-76(P-.p). 
d 

If  the  pressure  P  —  p  were  expressed  in  atmospheres  and  fractions  of  atmosphere*,  it  wuulil  l*» 
necessary,  in  order  to  get  the  real  initial  height  in  metres  of  mercury,  to  multiply  it  l>y  tin-  ln-i^U 
of  mercury  that  balances  one  atmosphere. 

Thus  modified,  the  formula  would  be 


by  simplifying  as  before,  we  get 


2x9 -8088  x  0-76(P  -  p)18'598 
d 


Ml. 


c  _  \/  202-  7376  (P-p)  . 
d 

The  resultant  pressure  P  —  p,  constituting  the  initial  height  of 
the  effective  velocity  of  the  flow,  may  be  derived  from  direct  <>1 
tion,  according  to  the  disposition  of  the  instrument  used  in  ascer- 
taining it.  That  instrument  would  be  the  Air  Manometer,  or  ilitlV- 
rential  indicator  of  pressure,  which  may  be  used  to  measure  ^In- 
elastic force  of  a  gas  or  steam  in  relation  to  a  certain  U&btarf 
medium. 

Let  us  suppose  a  vessel  A,  Fig.  846,  to  enclose  some  ni;riform 
fluid,  at  a  higher  pressure  than  that  of  the  medium  in  which  it  i* 
placed.  If  we  attach  to  it  a  tube  B  containing  mercury,  bent  in  the 
shape  of  the  letter  U,  with  its  shorter  branch  communicating  with 
the  interior  of  the  vessel,  while  its  longer  one  is  left  open  at  the  top, 
the  internal  pressure,  acting  upon  the  mercury,  will  cause  it  to  rise 

in  the  open  branch.  To  find  the  conditions  of  equilibrium  of  the  mrronry.  wlion  it  li  thin 
displaced,  it  will  be  sufficient  to  draw  a  horizontal  lino  H  L  through  the  xuinmit  <.f  the  lower 
column,  and  then  examine  the  nature  of  the  pressure  to  which  the  mercury  is  Hiibjpotcd  at  every 
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point  of  that  line.  In  the  longer  branch  it  is  equal  to  the  pressure  of  the  ambient  medium, 
plus  the  height  h  to  which  the  mercury  has  been  raised  in  the  tube  ;  and  as  it  must  be  the  same 
in  the  shorter  branch,  aud  is  due  entirely  to  the  pressure  in  the  reservoir  A,  we  conclude  that  that 
pressure  is  equal  to  the  external  pressure,  plus  the  height  h  of  the  mercury.  Consequently,  that 
height  is  precisely  equal  to  the  difference  of  the  two  pressures,  and  is  none  other  than  P  —  j», 
\vhirh  figures  in  the  preceding  calculation. 

For  the  future,  therefore,  every  initial  pressure  of  the  velocity  of  a  flow  will  be  represented  in 
our  operations  by  a  column  h  of  mercury,  observed  in  strict  accordance  with  the  foregoing  method. 
It  is  that  pressure  which,  estimated  in  metres,  must  be  multiplied  by  the  ratio  of  the  density  of 
the  mercury  to  that  of  the  fluid  under  consideration,  in  order  to  obtain  the  real  height  which 
becomes  the  initial  of  the  velocity  with  which  the  fluid  flows. 

Problems  relating  to  the  Flow  of  Steam  through  Narrow-edged  Orifices.  —  Let  us  propose  to  find  the 
velocity  with  which  steam  would  flow  in  a  medium  of  determinate  pressure. 

First  example.  —  Find  the  velocity  with  which  steam  would  flow  through  a  narrow-edged 
orifice  into  the  open  air  under  a  pressure  of  3  atmospheres. 

Solution.—  Steam,  under  a  pressure  of  3  atmospheres,  is  represented  by  a  column  of  mercury 
of  P  =  0'76  x  3  =  2m>28;  and  the  Table  at  page  405  indicates  that  its  density  is  d  =  0-001615. 
On  the  other  hand,  if  the  pressure  of  the  ambient  medium  is  0'76,  the  required  velocity  will  be 


Second  example.  —  Find  the  velocity  with  which  steam  flows  at  a  pressure  of  5  atmospheres, 
difference  of  pressure  between  the  reservoir  and  the  medium  in  which  the  flow  takes  place  being 
measured  by  a  column  of  mercury  =  Om  •  45. 

Solution.—  We  have  P  -  p  =  0-45;  and  d'  =  0-0025763,  according  to  the  same  Table; 
whence 


Third  example.  —  Find  the  velocity  of  steam  under  a  pressure  of  3  •  75  atmospheres,  the  pres- 
sure of  the  medium  in  which  it  flows  being  1  •  80  atmosphere. 

Solution.  —  By  the  same  Table  to  which  we  have  referred  in  the  two  preceding  examples,  we 
find  that  the  density  of  steam  at  3'5  and  4  atmospheres  is  0'  0018589  and  0*0020997  respectively; 
therefore,  the  density  of  steam  at  3  •  75  must  apparently  be  a  mean  between  these  two  numbers  ; 
that  is, 

,       0-0018589  +  0-0020997 


The  pressure,  expressed  in  atmospheres,  will  this  time  be 

P  -^  =  3-75  -  1-80  =  1-95. 
Consequently,  by  a  suitable  adaptation  of  the  foregoing  formula,  we  have 

A/  202  -7376  x  1-95 

0-0019793         = 

The  above  examples  being  sufficient  to  illustrate  the  application  of  the  rule,  we  will  not  add 
any  more  ;  but  merely  make  a  few  remarks  called  forth  by  the  rule  itself. 

The  arrangement  of  the  formula  shows  the  general  mode  in  which  gases  flow,  and  further 
points  out  that, 

1st.  The  velocities  are  proportional  to  the  square  roots  of  the  effective  pressures  ;  that  is  to  say,  to 
the  excess  of  pressure  that  causes  the  flow  ; 

2nd.  They  are  inversely  as  the  square  roots  of  the  densities. 

From  which  we  conclude,  in  addition,  that  when  a  gas  is  compressed  whose  density  is  propor- 
tional to  the  pressure  it  bears,  with  an  even  temperature,  the  velocities  are  always  equal,  whatever 
may  be  the  degree  of  compression. 

With  regard  to  steam  having  a  maximum  of  elasticity  whose  density  is  not  proportional  to  the 
expansion,  there  exists,  however,  a  limit  where  the  velocity  of  the  flow  ceases  to  increase  with  the 
pressure. 

For  instance,  let  us  suppose  two  currents  of  steam  flowing  into  the  atmosphere,  the  one  with  an 
expansive  force  of  5  atmospheres,  the  other  of  10,  and  whose  densities,  according  to  the  Table, 
page  405,  are  0-0025763  and  0-0048226  respectively,  and  endeavour  to  find  their  corresponding 
velocities.  We  have,  _ 

For  5  atmospheres,     «  =  V  2°2'So^f  ~  ^  -  562  metres  ; 


For  10  atmospheres, 


,,v 


That  is,  a  difference  of  only  53  metres  in  velocity  for  a  difference  of  expansion  of  5  atmospheres. 

Tables  and  Graphic  Tracing  in  Reference  to  the  Flow  of  Steam.  —  The  solution  of  such  problems  as 
those  we  have  just  been  examining  always  requires  a  special  aptitude,  and  too  much  time  for 
ordinary  practitioners,  as  a  rule,  to  turn  them  to  their  fullest  account  ;  moreover,  there  are  inte- 
rests of  another  order  involved,  and  not  less  important,  that  render  it  imperative  not  to  trust  to  the 
uncertain  results  of  direct  calculation  :  a  manufacturer,  on  the  contrary,  needs  reliable  informa- 
tion, such  as  can  alone  emanate  from  the  labours  of  the  man  of  science,  in  the  quiet  seclusion  of 
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his  own  study,  and  away  from  every  other  preoccupation.  That  is  why  table*  are  of  such  unde- 
niable  utility,  by  enabling  the  solution  of  a  proposed  question  promptly  and  with  certitude-  for  the 
figures  we  borrow  from  them  form  part  of  a  series  in  regular  progression,  whose  terms  verify  one 
another,  so  to  speak,  by  their  simple  connection.  Therefore  we  have  always  endeavoured,  as  imn-li 
as  possible,  to  make  them  accompany  the  practical  rules,  in  order  to  bimplify  calculation*  and 
ensure  correct  results. 

It  is  with  this  view  that  we  produce  the  two  following  Tables  of  the  velocity  of  §t«un  under 
the  circumstances  most  generally  met  with  in  practice.  These  two  Tables,  which  may  be  readily 
made  by  means  of  the  foregoing  rules,  are  taken  from  that  excellent  work,  'The  Locomotive 
Driver's  Guide,'  by  MM.  Flachat  and  Petiet.  The  first  relates  to  the  flowing  of  rteam  in  the 
open  air,  under  pressures  varying  from  5  to  1-01  atmospheres;  together  with  ita  density,  or  weight 
of  a  cubic  metre  for  each  pressure.  The  second  Table  gives  the  velocity  of  steam  under  pressure* 
of  5,  4,  and  3  atmospheres,  in  media  whose  pressures  vary  from  4*95  to  1*25  atmospheres,  whila 
one  column  is  reserved  for  the  effective  pressure  exerted  by  the  steam  upon  every  square  metre  of 
surface.  This  pressure  is  evidently  the  same  in  the  three  cases  where  the  residing  pressure  is 
the  same,  since  the  differences  also  are  identical.  Consequently,  these  two  Tables  complete  the 
series.  Afterwards  we  shall  give  a  graphic  tracing,  whereby  the  same  problems  may  likewise  be 
solved.  In  all  cases  the  flow  is  supposed  to  take  place  from  a  narrow-edged  orifice :  for,  were  iU 
thickness  considerable,  and  comparable  to  the  development  of  a  tube,  the  velocity  would  bo 
altered.  We  shall  have  occasion  to  allude  to  this  view  of  the  subject  presently. 

TABLE  I. — THE  VELOCITY  WITH  WHICH  STEAM  ESCAPES  INTO  THE  ATMOSPHERE  UNDER 

DIFFERENT   PRESSURES. 


Absolute 
Pressure 
of  the 
Steam. 

Weight  of  a 
Cubic  Metre. 

Velocity 

in  a 
Second. 

Absolute 
Pressure 
of  the 
Steam. 

Weight  of  a 
Cubic  Metre. 

Velocity 
in. 
Second. 

Absolute 
Pressure 
of  the 
Steam. 

WelRbtofa 
Cubic  Metre. 

Velocity 
In* 
Second. 

5-00 

2-568 

562 

1-75 

0-984 

394 

1-12 

0-674 

194 

4-75 

2-457 

554 

1-60 

0-900 

368 

1-10 

0-636 

178 

4-50 

2-334 

549 

1-50 

0-854 

343 

1-09 

0-630 

170 

4-25 

2-217 

546 

1-45 

0-830 

331 

1-08 

0-626 

161 

4-00 

2-096 

537 

1-40          0-800 

318 

1-07 

0-622 

151 

3-75 

1-972 

530 

1-35          0-778 

302 

1-06 

0-619 

140 

3-50 

1-855 

520 

1-30 

0-750 

285 

1-05 

0-610 

129 

3-25 

1-734 

512 

1-25 

0-722 

265 

1-04 

0-607 

116 

3-00 

1-611 

502 

!     1-22 

0-705 

252 

1-03 

0-601 

101 

2-75 

1-487 

488 

1-20 

0-698 

242 

1-02 

0-598 

83 

2-50 

1-363 

472 

1-18 

0-681 

232 

1-01 

0-595 

58 

2-25 

1-238 

451 

1-16 

0-670 

220 

1-00 

0-590 

0 

2-00 

1-111 

427 

1-14 

0-658 

213 

•• 

•• 

TABLE  II. — THE  VELOCITY  WITH  WHICH  STEAM  ESCAPES  INTO  MEDIA  OF  DIFFERENT  PRESSURE*. 


STEAM  AT  6  ATMOSFHEHES 

STEAM  AT  4  ATMOSPHERES 

STEAM  AT  3  Arwosruuua 

ABSOLUTE. 

ABSOLUTE. 

.       AUOLCTK. 

Pressur 
In  the 
Receiver. 

Effective 
Pressure  in 
kilos,  on  every 
Square  Metre. 

Velocity 
in  Metres 
in  one 
Second. 

Pressure 
in  the 
Receiver. 

Effective 
Pressure  in 
kilos,  on  every 
Square  Metre. 

Velocity 
in  Metre* 
in  one 
Second. 

Pressure 
in  the 

K.  >  INK 

Effective 
ftanre  in 
Kilo*,  on  every 
Square  Mitre. 

Velocity 

::.    \1.  •••,  • 

in  OM 
Second. 

4-95 

517 

63 

3-95 

517 

69 

2-95 

517 

79 

4-90 

1-034 

89 

3-90 

1-034 

97 

2-90 

1-034 

112 

4-85 

1-550 

108 

3-85 

1-550 

120 

2-85 

1-550 

137 

4-80 

2-067 

125 

3  80 

2-067 

139 

2-80 

•j  067 

158 

4-75 

2-584 

140 

3-75 

2-584 

155 

2-75 

•j  .'.-i 

178 

4'65 

3-618 

166 

3-65 

3-618 

184 

2-65 

3-618 

210 

4-55 

4-651 

188 

3-55 

4-651 

209 

2  55 

4-651 

M 

4-50 

5-168 

198 

3'50 

5-168 

220 

2-50 

5-168 

251 

4-25 

7-752 

242 

3-25           7-752 

269 

2-25 

7-752 

807 

4-00 

10-336 

281 

3-00         10-336 

311 

2-00 

10-386 

855 

3-75 

12-920 

314 

2  75    j     12-920 

347 

1-75 

Li-no 

IN 

3-50 

15'504 

344 

2-50         15-504- 

MO 

1-50 

15-504 

423 

3-25 

18-088 

371 

2-25    I     18-088 

411 

1-25 

18*088         «W 

3-00 

20-672 

396 

2-00 

20-672 

.. 

2-75 

23-256 

421 

1-75      .   23'256 

I';-: 

2-50 

25-840 

444 

1-50         25-840 

4!H 

..     • 

2-25 

28-424 

465 

1'25 

28-424 

515 

" 

Graphic  Tracing.-Tbe  method  of  tracing  which  we  are  now  gom*  to  "PlaJnjnd 
velocity  of  gases  through  narrow-edged  orifices  may  be  ascertained.  i>  extent 
French  engineer?,  and  is  analagous  to  the  rulo  they  apply  for  the  purpose  of  estimating  tl 
diture  of  water  through  orifices  with  a  load  upon  the  centre, 
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This  one,  Fig.  847,  is  so  arranged  n.s  to  give  the  maximum  velocity  of  gases  having  densities, 
compared  with  that  of  water,  which  vary  from  0'0005  to  O'OOo,  and  relative  pressures  from  0  to 
5  atmospheres.  A  series  of  right  lines,  starting  from  the  point  D,  corresponds,  for  the  curve  A  E, 


847. 


to  pressures  varying  from  1  to  5  atmospheres,  and,  for  the  curve  AF,  from  O'l  to  1  atmosphere. 
Another  series  of  vertical  lines,  including  A  B,  represents  the  densities  from  O'OOOS  to  0' 005.  The 
upper  scale  B  C  expresses  the  velocities  in  large  divisions  of  100  metres. 

Use  of  the  Tracing. — Find  the  intersection  of  the  vertical,  indicating  the  density,  with  the 
oblique,  corresponding  to  the  relative  pressure  P  —  p,  and,  from  the  point  of  intersection,  follow 
the  horizontal  line  till  it  meets  the  curve ;  from  this  second  point  draw  a  vertical  line  which  project 
till  it  reaches  the  scale  B  C,  and  you  have  the  velocity  required.  For  instance,*  we  want  the 
velocity  of  a  gas  whose  density  is  0  •  0009,  and  whose  relative  pressure  is  4  atmospheres.  We  look 
for  the  intersection  a  of  the  vertical  line  0  •  0009  with  the  oblique  line  4  D,  and  from  that  inter- 
section we  follow  the  horizontal  line  till  it  meets  the  curve  A  E  at  b;  then,  by  raising  a  vertical 
line  from  this  last  point  to  the  scale  B  C,  we  then  obtain  an  approximate  reading  of  940  metres, 
which  is  the  velocity  sought.  By  strict  calculation  it  would  be  943  metres. 

To  give  an  example  of  the  use  of  the  second  curve,  let  us  try  to  find  the  velocity  of  a  gas  whose 
density  is  0-002,  with  a  relative  pressure  of  0'7  atmosphere.  The  process  is  exactly  the  same. 
The  intersection  c,  of  the  oblique  0'7  D,  with  the  vertical  corresponding  to  the  number  0-002,- 
gives  the  horizontal  dotted  line  cd,  which  cuts  the  curve  A  F  at  d;  by  producing  a  vertical  from 
this  point  on  to  the  scale  above,  as  before,  we  find  about  265  metres  as  the  required  velocity. 
Mathematically  it  would  be  266  metres. 

These  slight  differences  between  the  quantities  found  by  calculation  and  those  obtained  by 
means  of  the  diagram  do  not  arise  from  any  want  of  accuracy  of  principle  in  the  latter,  but  solely 
from  difficulties  of  execution,  it  being  impossible  to  complete  the  subdivision  of  the  scales ;  but  by 
enlarging  the  tracing,  this  obstacle  may  be  lessened  or  removed,  and  the  result  becomes  propor- 
tionately more  correct. 

It  would  be  precisely  the  same  thing  for  any  value  not  indicated  in  this  diagram ;  all  that  is 
required  is  to  suppose  the  line  A  B,  as  base,  divided  into  quantities  proportional  to  every  inter- 
mediate pressure  between  0  and  5  atmospheres,  with  oblique  lines  running  from  the  several  points 
to  the  point  D.  As  regards  the  series  of  verticals  of  density,  the  same  principle  may  be  carried 
out,  by  imagining  intervening  lines  at  distances  inverse  to  their  values,  for  such  densities  as  are 
not  comprised  in  the  diagram. 

Velocity  of  Gas  flowing  through  a  Pipe. — Hitherto  we  have  only  considered  the  velocity  of  gas 
flowing  through  a  narrow-edged  orifice,  where  the  friction  is,  consequently,  insufficient  to  produce 
any  noticeable  effect ;  but  when  a  gas  passes  through  a  pipe  of  a  certain  length,  the  case  is  very 
different.  Then  its  velocity,  as  it  leaves  the  pipe,  is  less  than  that  which  would  be  due  to  the 
initial  pressure  in  the  reservoir,  or  to  its  excess  of  pressure  P  —  p  over  that  of  the  medium  into 
which  it  flows.  There  must  have  been,  therefore,  a  loss  of  force  occasioned  by  the  resistance  of 
the  pipe  to  the  motion  of  the  gas.  The  learned  D'Aubuisson  found  that  resistance  subject  to  the 
following  laws : — 

1st.    The  resistance  is  proportional  to  the  length  of  pipe 

2nd.  It  increases  with  the  square  of  the  velocity ; 

3rd.  It  is  in  the  inverse  ratio  of  the  diameter. 
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Let  us,  consequently,  call 

P,  the  pressure  within  the  reservoir,  or  its  excess  A  over  that  of  the  medium  where  the 

flow  takes  place,  expressed  in  metres  of  mercury  • 
p,    the  initial  height  of  the  effective  velocity  with  which  the  gas  escapes  at  the  end  of  the 

pipe  ;  that  height  likewise  expressed  in  metres  of  mercury  • 
v,    the  effective  velocity  ; 
L,  the  length  of  the  pipe  in  metres  ; 
D,  its  diameter,  also  in  metres  ; 
D',  its  diameter  at  the  extremity,  or  that  of  the  aperture  whence  the  flow  takes  ulaca.  tha 

pipe  being  supposed  to  terminate  with  a  conical  converging  aiutaee 
k,    an  experimental  coefficient. 

"We  then  have,  according  to  D'Aubuisson,  the  following  relations  • 

The  mean  velocity  u  of  the  flow  throughout  the  whole  length  of  the  pipe  will  be  evidently 
equal  to  its  effective  velocity  v  on  leaving  the  ajutage,  multiplied  by  the  inverse  ratio  of  the 

squares  of  the  diameters  D  and  D',  that  is  to  say,  u  =  v  x  —  ;  and  u»  =  e*  x  —  • 

But  the  velocity  t>  is  represented  by  v  =  */  2gp,  whence  t>*  =  2gp,  and  p  =  —  ,  p  being,  as 

we  have  said,  the  initial  height  h  of  the  velocity  with  which  the  gas  escapes  from  'the  pipe  On 
the  other  hand,  considering  that  the  force  absorbed  by  the  resistance  of  the  pipe  has  resulted  in 
the  reduction  of  the  pressure  from  P  to  little  p,  that  force  will  be  expressed  by  P  -  p  ;  no  that, 

from  what  precedes,  we  get  the  following  equation  :  P  -  p  =  k  —£-*  .    But  the  foregoing  relations 

«*  c2  D'4 

give  p  =  —  ,  and  w2  =     p4-  ;  substituting,  therefore,  these  values  for  p  and  u*,  we  obtain 

t>2        ,  Lc2D'« 
P  -  g  --  *  —  fp  —  >  whence,  extracting  at  once  the  value  of  c,  we  get 

' 


This  value,  therefore,  is  that  of  the  real  velocity  with  which  the  gas  escapes  (setting  aside  its 
density  for  the  moment),  after  traversing  the  whole  length  of  the  pipe,  and  issuing  from  a  con- 
tracted orifice  of  the  diameter  D'. 

If  the  contracted  orifice  of  the  ajutage  were  equal  in  diameter  to  the  pipe,  we  should  have 
D'  =  D,  and  the  formula  would  be  modified  as  follows  : 

' 


As  to  the  value  of  the  coefficient  k,  it  is  deduced  from  D'Aubuisson's  experiments,  who  ascer- 
tained that  of  an  experimental  number  n,  whose  mean  was  0  •  0238,  in  which  2  </  enters  as  (actor. 

0*0238 
Consequently,  by  performing  the  division  we  have  —     —  =  0-0012,  which  number  becomes  tha 

U  '  '  •- 

value  of  the  coefficient  k.  It  is  evident  that  this  result  is  very  liable  to  change  according  to  tho 
nature  or  state  of  the  surface  over  which  the  gas  has  to  pass.  D'Aubuisson  obtained  it  l»y  milking 
atmospheric  air  pass  through  tin  tubes,  which  must  have  offered  but  little  resistance  compare!  with 
cast-iron  pipes,  whose  surfaces  are  usually  rough..  It  becomes  then  a  matter  of  option  cither  to 
adopt  this  value  in  the  above  equations,  or  else  to  substitute  in  the  denominator  the  constant 
number  0'0238  for  the  factor  £2</,  whereby  the  final  values  will  be  in  no  way  changed. 

To  end  this  subject  and  give  a  few  examples,  wo  will  now  complete  the  formulas  by  apply  in;; 
the  multiplier  relative  to  the  densities.  The  velocities  represented  by  those  formulas,  such  as  we 
have  defined  them,  arc  those  that  would  correspond  to  heights  of  manometrical  pressure;  that  ia  to 
say,  expressed  by  columns  of  mercury.  In  order  to  obtain  the  velocities  of  gases  having  the  cor- 
responding pressures,  it  is  sufficient  to  multiply,  as  before,  the  two  terms  beneath  the  radical  by 
the  ratio  of  the  densities  of  the  mercury  and  the  gas  under  consideration.  By  again  representing 
the  density  of  the  mercury  by  d1  and  that  of  the  gas  by  d,  we  have 

dT_   */        266-76  PD»  M 

*   d  ~          (Q-  0238  LD'«  +  D*)d 

for  the  first  formula  [K],  where  the  diameter  of  the  orifice  from  which  the  gas  flows  is  supposed  to 
be  different  from  that  of  the  pipe.  And  for  the  second  formula  [L],  where  the  diameters  are  equal, 


(T0238  L  +  D)  rf 

It  may  be  useful,  however,  to  observe  that,  in  the  latter  case,  the  coefficient  onirlit  |*  rlrnps  to 
be  modified,  since  it  was  obtained  by  means  of  pipes  with  a  contraot<-<l  •  -ml.     Unt  tli«-  i  rr 
mitted  by  leaving  it  as  it  is  would  be  of  very  little  importance,  considering  that  in  practice  the 
departure  from  theoretical  results  is  generally  far  greater. 

Problems  relating  to  the  Passage  of  a  Gas  through  a  Pipe.  —  Let  O»  endeavour  successively  to  find 
with  what  velocity  both  air  and  st  m  would  flow,  iiinli-r  the  two  separate  conditions:—  1st,  when 
the  pipe  is  terminated  by  a  conical  ajutage,  diminishing  the  diameter  where  the  gases  escape; 
2nd,  where  the  diameter  is  the  same  throughout. 
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First  example. — Find  the  velocity  with  which  air  flows  through  a  pipe  having  an  ajutage,  with 
the  following  data : — 

Pressure  or  height  h  at  the  commencement  of  the  pipe  . .  P  =  0- 10  metres. 

Length  of  pipe       L  =  60          „ 

Diameter  of  pipe D  =  0  •  20      „ 

Diameter  of  orifice  where  it  escapes D'=0'05 

Supposed  density  of  the  air  (according  to  its  temperature)  d  -  0-0013  „ 

Solution.  Formula  [M].— Admitting  that  the  state  of  the  pipe  admits  of  the  application  of  the 
coefficient  given  by  D'Aubuisson,  we  find 


266-76  x  0-10  x  0-20* 


(0'0238  x  60  x  0  05*+  0-20*)  x  0-0013 


=  140 -9  metres. 


If  the  velocity  were  not  affected  by  friction  with  the  pipe,  it  would  be  the  same  as  that  due 
directly  to  the  pressure  O'lO,  according  to  the  foregoing  rules,  and  equal  to  144  metres.  There  is, 
then,  a  loss  of  rather  more  than  3  metres,  which  is  very  little.  But  that  is  because  we  have  sup- 
posed the  orifice  where  the  gas  escapes  to  be  much  smaller  in  diameter  than  the  pipe,  whereby  the 
velocity  is  lessened  in  proportion.  For,  the  diameters  being  respectively  20  and  5  centimetres,  the 
mean  velocity  M  within  the  pipe  will  only  be  -j^th  (square  of  the  ratio  of  the  diameters)  what  it  H 
on  leaving  it,  barring  a  correction  on  account  of  the  contraction  of  the  orifice,  and  whose  coefficient 
is  equal  to  about  0 '  93 ;  let 


tD'0-93       140-9x0-0025x0-8649      „  „,      . 
~D*~  0-04 

So  that  the  loss  due  to  friction  is  extremely  small. 

Second  example.—  Find  the  velocity  of  the  flow  under  the  same  conditions  as  above,  with  the 
exception  that  the  pipe  is  supposed  to  be  completely  open  at  the  end  ;  so  that  we  have  D'  =  D. 
Solution.  —  By  adapting  the  formula  [NJ  to  suit  the  case,  we  have 

_      /        266-76  x  0-10  X  0^20 


BO  +  0-20)  x  0-0013 

It  will  be  perceived,  in  this  instance,  that  the  velocity  is  notably  altered  ;  but  it  must  also  be 
observed  that  that  has  been  its  mean  velocity  throughout  its  entire  course. 

Third  example.  —  Find  with  what  velocity  steam  would  be  discharged  through  a  pipe  into  the 
ambient  air,  with  a  pressure  of  4  atmospheres,  under  the  following  conditions  : 

Effective  pressure  of  the  steam  (3  atmospheres),  or  ..  P  =  2*28  metres. 

Density  ....................  d  =  0-0021    „ 

Lengthofpipe      ......      ..........  L  =  25  „ 

Uniform  diameter  of  pipe     ............  D  =  0  •  12        „ 

Solution.  Formula  [N],  —  The  mean  velocity  within  the  pipe,  as  well  as  that  with  which  the 
steam  escapes,  are  apparently  equal  to 

266-76  x  2-28  x  0-12 

° 


25  +  0-12)  x  0-0021 
Had  the  velocity  not  been  altered,  we  should  have  had 


The  change  in  the  velocity  is,  therefore,  very  considerable ;  but,  as  the  velocity  is  also  great, 
the  result  is  simply  in  conformity  with  the  theory  according  to  which  the  force  absorbed  by  friction 
increases  as  the  square  of  the  velocity. 

Fourth  example. — Let  us  take  the  same  data  as  before,  but  with  a  diameter  of  pipe  of  20  centi- 
metres instead  of  12,  so  as  to  see  what  effect  it  will  have. 

Solution. — Using  the  same  formula,  we  have 

,  =  V/3T266^g.>L2<28xO-20_:  =  268  ^ 
(0  0238  x  25  +  0-20)  x  0-0021 

in  lieu  of  220™ -6  with  a  pipe  Om>12  in  diameter,  and  about  half  the  maximum  velocity  538  due  to 
the  relative  pressure  of  the  steam  if  no  friction  existed. 

Volumes  of  Steam  that  are  discharged  through  simple  Orifices  and  Pipes. — It  is  clear  that  the  only 
difficulty  in  the  way  of  solving  the  question  of  the  expenditure  of  gases  and  steam,  was  the  ascer- 
taining its  velocity.  As  to  the  volumes  discharged,  they  are,  as  in  the  case  of  incompressible 
fluids,  the  product  of  that  velocity  by  the  section  of  the  orifice,  and  by  a  coefficient  of  contraction 
determined  by  experiment.  Consequently,  the  latter  part  of  the  problem  may  be  considered 
simply  as  a  remark,  having  reference  principally  to  the  coefficient  of  contraction  that  ought  to  be 
adopted. 

Coefficients  of  Contraction. — D'Aubuisson  found  that,  as  in  the  case  of  incompressible  fluids,  the 
coefficients  of  contraction  m  applicable  to  the  expenditure  of  gases  had  the  following  values : 

For  a  narrow-edged  orifice        0  •  65 

For  a  short  cylindrical  ajutage        0-93 

For  a  short  ajutage,  but  slightly  tapering     . .     0-95 
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To  obtain  the  real  expenditure  it  suffices,  therefore,  to  multiply  the  theoretical  product  by  one 
of  the  above  values,  according  to  the  nature  of  the  case. 

First  example. — A  certain  gas  flows  through  a  narrow-edged  orifice  5  centimetres  in  diameter 
with  a  velocity  equal  to  150  metres  a  second ;  find  the  total  volume  Q  discharged  in  a  minute. 

0  *  05  x  ffr  v  i  *>o  v  fio  v  o  •  &a 
Solution. — We  find  Q  =  -  — ^ —  -  =  11-486  cubic  metres. 

Second  example. — The  orifice  of  the  supply-pipe  being  rectangular  and  measuring  20  centi- 
metres by  3,  and  open  in  full  during  a  reduced  time  of  0-5  of  a  second,  what  volume  of  steam 
would  enter  the  cylinder  of  an  engine,  supposing  the  pressure  and  density  to  correspond  to  a 
velocity  equal  to  300  metres  ? 

Solution.— We  have  0'03  x  0  20  =  0"»-006  for  the  surface  of  the  orifice.  If  we  take  09  as 
the  coefficient,  then  Q  =  0-006  x  300™  xO'5xO-9  =  0'810  cubic  metres. 

As  regards  the  expenditure  through  a  pipe,  we  may  observe  that,  in  the  case  of  «  narrow 
ajutage,  the  coefficient  0-93  may  be  used;  but  it  is  to  be  dispensed  with  when  tlu-  j-ipo  ia 
cylindrical.  The  operation  is  reduced,  therefore,  to  precisely  the  same  terms  as  before. 

Note  relating  to  t/ie  Jindiny  the  Diameter  of  a  Pipe  where  the  Flow  is  to  take  place  under  certain  fired 
Conditions. — Generally  speaking  it  is  not  a  difficult  problem  to  ascertain  what  ought  to  be  the 
dimensions  of  an  orifice  in  order  to  satisfy  certain  definite  couditions ;  but  it  is  not  the  same  n* 
regards  the  dimensions  of  a  pipe,  whose  diameter,  we  have  seen,  enters  as  two  different  powers  in 
the  expression  of  the  velocity  and  the  expenditure.  It  is  possible,  however,  to  arrive  at  a  practical 
result  of  sufficient  accuracy  by  the  aid  of  a  simple  method  of  which  we  will  endeavour  to  lay  down 
the  elements.  Of  course  we  suppose  the  pipe  to  be  uniform  in  diameter  and  without  contraction. 
If  we  bring  together  the  expression  of  the  velocity  and  that  which  corresponds  to  the  section  of 
the  pipe — which  we  have  supposed  all  along  to  be  circular — and  multiply  the  one  by  the  other, 
the  result  will  evidently  be  equal  to  the  volume  Q  discharged  under  the  said  conditions,  since 
it  will  be  the  product  of  the  velocity  by  the  section.  Thus  we  have  formula  [N] 

A/      266-76  PD  3-1416  D2       n 


(0-0238  L  +  D)d  4 

Squaring  the  two  members,  and  representing  by  a  the  product  of  the  invariable  quantities, 
with  the  exception  of  the  coefficient  0'0238,  it  becomes  Q2  =  7()T0238L  +  DW' 

As  we  want,  now,  to  find  the  diameter  D,  we  must  draw  its  value  from  this  formula.  But  a* 
that  operation  would  be  very  difficult  to  perform  in  a  direct  manner,  on  account  of  the  two  power* 
D  and  D5,  we  extract  the  value  of  D5  as  if  D  were  known,  and  we  find 


D  = 


And  as  a  is  a  fixed  number,  and  equal,  as  may  be  seen,  to 

x  266.76  _  164.5576> 


we  extract  its  fifth  root,  which  is  equal  to  2-8,  whereby  we  divide  the  unity,  which  gives  0  8571; 
call  it  0-36,  and  taking  that  number  as  multiplier  from  the  radical,  we  arme  at  this  last 


expression  : 


Now,  in  order  to  work  by  means  of  this  formula  and  finally  disengage  D,  this  is  what  mar  b* 
done:  We  operate,  in  the  first  place,  by  considering  D  under  the  radical  equal  to  0 
thus  obtain  a  first  value  of  D,  though  rather  a  weak  one.     We  then  recommence  the  process,  thto 
time  assigning  to  D  under  the  radical  the  approximate  value  found  by  the  n 
second  value  of  D  thus  obtained,  will  always  be  near  enough  for  all   practical  purposes: 
however,  these  two  successive  values  were  to  present  a  very  wide  difference,  the  accuracy  <•! 
second  value  might  be  tested  by  performing  a  third  operation  wherein  that  value  WMJd 
be  substituted  for  D  under  the  radical,  and  might  be  considered  correct  if  the  result  of  the  said 
operation  turned  out  to  be  apparently  equal  to  it. 

Example.—  Be  it  required  to  find  the  diameter  D  of  a  pipe  undei 

ExpfndifurPe1Poefgasinasecond^ftime''      .'.'     Q  =  0;5  ,•„!,,•  mitr. 
Relative  pressure  of  the  gas   ........     P        0'7  metre  (mercury) 

Density  of  the  gas    ............ 

Solution     Formula  [0].—  By  considering  D  under  the  radical  equal  to  0,  we  have 

D  =  0-36  WWHjLU*!****         =0-101, 


a  first  value  of  D,  which  we  substitute  in  its  place  under  the  radical,  in  order  to  perform  tb. 
second  operation,  when  we  find 

A6/(0-0238  x  100"  +  Q-101)  x  0'25  x  Q-Q02  _ 

'y/  Q.y 


T, 


and  as  this  last  result  is  the  same  as  the  first,  we  may 
required  diameter,  and  no  further  operation  is  necessary. 
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answer  should  be  obtained  from  two  formulas,  one  of  which  contains  a  quantity  more  than  the 
other,  we  must  observe  that  the  results  are,  in  reality,  different,  but  that  that  difference  manifests 
itself  only  in  a  series  of  decimals  that  are  not  appreciable  in  practice.  In  general,  the  very 
disposition  of  the  fonnula  leads  us  to  understand  that  it  is  sufficient  if  the  length  of  the  pipe  is 
equal  to  several  times  its  diameter — which  is  almost  always  the  case  and  may  be  ascertained 
beforehand — for  the  result  found  by  the  first  operation  to  giy.e  the  true  practical  dimension 
required.  A  single  operation  would,  therefore,  be  sufficient ;  but  it  is  as  well  to  verify  it,  either  by 
repeating  it  and  giving  D  its  value  beneath  the  radical,  or  by  finding  the  expenditure  of  the  pipe 
according  to  the  conditions  laid  down. 

Thus,  in  order  to  test  the  preceding  operation,  if  we  seek  the  velocity  of  the  flow  according  to 
the  length  of  pipe,  100  metres,  its  diameter  O'lOl,  and  the  pressure  0'7,  we  find  it  to  be  62-60 
metres,  which,  multiplied  by  0"  008012,  area  of  the  circle  9  -101,  gives  0-501  cubic  metre  as  the 
expenditure  of  the  pipe.  It  is  needless  to  add  that  this  result  may  be  considered  to  be  in  strict 
conformity  with  the  primitive  data  of  the  problem. 

We  shall  limit  ourselves  to  this  much,  considering  that  we  have  said  all  that  is  useful  touching 
the  expenditure  of  steam  and  gases ;  observing,  however,  that  the  preceding  rules  apply  where  the 
pipes  are  straight  or  curved,  but  not  where  they  have  contractions  or  sharp  angles,  such  as  to 
destroy  a  portion  of  the  vis  viva  of  the  fluid  in  motion.  At  the  conclusion  of  this  article  we  shall, 
as  usual,  give  a  list  of  such  authors  as  may  be  consulted  by  those  of  our  readers  who  are  desirous 
of  obtaining  more  complete  notions  upon  the  subject. 

PHYSICAL  PROPERTIES  OF  STEAM. — The  functions  of  steam  motors  repose  upon  the  mechanical 
properties  of  the  aeriform  fluid  produced  by  water  in  its  physical  change  called  the  state  of  steam. 
Before  studying,  therefore,  the  construction  of  such  machines,  it  is  indispensably  necessary  that 
we  should  give  an  exact  account  of  the  circumstances  whereby  the  phenomenon  of  the  conversion 
of  water  into  steam  is  attended,  showing  the  conditions  under  which  it  is  accomplished ;  the  phy- 
sical effects  that  immediately  result  therefrom ;  the  means  of  ascertaining  their  intensity ;  and, 
finally,  the  part  taken  by  the  chief  imponderable  agent,  heat  or  caloric,  and  the  combustible  sub- 
stances by  which  this  latter  is  developed.  Thus,  it  is  with  steam-engines  as  with  hydraulic 
motors,  the  motive  power  is  borrowed  from  natural  agents,  namely,  CALORIC  and  GRAVITY. 

By  the  means  of  caloric,  an  inert  liquid,  possessing  gravity  only,  is  transformed  into  an  expan- 
sive gas  deriving  its  power  from  itself.  When  that  said  liquid  has  been  previously  elevated  by 
natural  forces,  gravity  seems  to  use  it  as  a  sort  of  receiver  to  whom  it  has  entrusted  its  power  in 
order  that  it  may  be  restored  at  a  moment  when  that  same  liquid  may  be  utilized  as  a  fall. 

The  comparison  of  these  two  imponderable  agents,  brought  into  play  for  the  purpose  of  ob- 
taining motive  force,  is  suggestive  of  a  very  interesting  remark,  which  is,  that,  in  both  cases,  one 
of  the  two  agents,  caloric,  has  been  the  primal  cause  of  the  mechanical  effect  obtained,  since  the 
water,  elevated  so  as  to  produce  a  useful  fall,  was  raised  solely  by  the  action  of  heat,  which  caused 
it  to  evaporate  so  that  it  might  afterwards  fall  in  the  shape  of  rain,  forming  streams  and  rivers. 
It  is  quite  certain  that  without  that  cause  water  would  only  be  known  to  the  world  as  a  uniform 
level,  precisely  on  account  of  that  gravity  which  forbids  its  being  raised  otherwise  than  by  the 
development  of  some  mechanical  power  of  corresponding  intensity. 

It  may,  therefore,  be  said  that,  in  the  two  systems  of  motors,  water  and  steam,  the  first  phy- 
sical expenditure  is  supplied  by  caloric. 

In  hydraulic  motors,  it  effects  the  change  of  state  by  opposing  the  action  of  gravity,  which  will 
restore  later  that  expenditure  of  action  after  the  return  from  the  vaporized  to  the  liquid  state. 

In  steam  motors,  the  effect  of  caloric  is  immediate,  while  that  of  gravity  is,  for  the  time, 
eliminated. 

But,  even  in  this  latter  case,  it  will  be  easy  to  see  that  the  laws  of  gravity  still  intervene  to 
measure,  in  a  manner,  the  effects  produced  by  caloric,  which  may  always  be  expressed — like  every 
other  mechanical  work — by  the  raising  of  weights. 

It  becomes,  therefore,  very  easy  to  understand  this  transformation  of  natural  powers,  so  inti- 
mately connected  that  their  effects  are  equal,  and  exactly  compensate  one  another.  This  will, 
perhaps,  serve  to  explain  the  error  into  which  some  persons  have  fallen,  who  fancied  that  it  could 
create  an  advantageous  motor,  by  raising  water  with  the  aid  of  an  artificial  vacuum  formed  by 
the  condensation  of  steam,  and  then  utilizing  it  by  allowing  it  to  fall  upon  a  wheel  or  other  con- 
trivance. 

But  it  must  be  evident  that  a  volume  of  water,  raised  at  the  expense  of  a  certain  quantity  of 
steam,  cannot  develop  by  its  fall  a  greater  power  than  that  which  would  have  been  produced  by 
the  direct  use  of  the  steam :  it  is  better,  therefore,  to  adopt  this  last  method. 

Definition  of  Steam. — In  nature,  bodies  present  themselves  under  three  different  forms, — the 
solid,  the  liquid,  and  the  gaseous  or  aeriform. 

Were  it  not  for  the  particular  circumstances  under  which  these  bodies  are  generally  main- 
tained, some  in  one  state,  some  in  another,  so  as  to  enable  us  to  classify  them  as  above, — with  much 
stronger  reason  might  we  say  that  bodies  have  no  absolute  state,  but  may  present  themselves 
indifferently  under  the  one  or  under  the  other,  which  is  true. 

The  normal  condition  of  the  medium  in  which  we  exist  is  the  sole  cause  of  the  distinction  that 
has  been  admitted  into  common  parlance.  We  say  that  water  is  a  liquid ;  that  metals  are  solids ; 
that  air  is  a  gas,  and  so  on ;  and  yet  water  may  become  solid  as  well  as  gaseous,  and  metals  may 
be  made  liquid  and  even  into  gas.  If  air  appears  not  to  possess  the  property  of  liquefying  or 
solidifying,  it  is  in  all  probability  because  we  are  ignorant  of  the  means  requisite — not  because 
they  do  not  exist :  other  gases  are  known  to  be  capable  of  these  changes. 

So  that, — setting  aside  air  for  the  present, — the  physical  state  of  a  body  is  a  mere  question  of 
temperature.  It  is  certain  that,  if  that  of  the  earth  nowhere  exceeded  one  degree  centigrade 
below  zero,  water  would  be  classed  as  a  solid ;  and,  in  the  opposite  event  if  the  temperature  rose 
to  a  sufficient  degree  of  heat,  water  would  be  called  a  gas. 
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Having  explained  this  in  a  general  manner,  we  will  now  occupy  ourselves  exclusively  with 
that  which  concerns  the  changes  to  which  water  may  be  subjected.  But,  however  great  our 
desire  may  be  to  simplify  as  much  as  possible  the  study  of  steam,  it  will  not  avail  our  readers 
unless  they  have  some  knowledge  in  physics,  upon  which  we  cannot  enter  here.  We  will  there- 
fore suppose  that  knowledge  to  exist,  embracing  the  theory  of  gravity,  hydrostatics,  the  equili- 
brium of  gases,  and  the  phenomena  of  heat.  When  occasion  requires,  moreover,  we  bhall  not  (ail 
to  recall  to  mind  the  fundamental  laws  of  those  different  branches  of  physics. 

Principles  of  the  Formation  of  Steam.— If  a  certain  quantity  of  water"  be  placed  in  a  TOMel  or 
poured  upon  the  ground  in  the  open  air,  it  will  gradually  .iiimnUh  in  volume,  and,  in  count  of 
time,  disappear  altogether  unless  renewed.  The  water  is  then  said  to  have  evaporated,  or  trans- 
formed itself  into  steam — that  is  to  say,  a  gas — invisible  like  air  and  mingling  with  it. 

If,  in  lieu  of  leaving  the  water  contained  in  the  vessel  simply  expo*  .1  tu  th.  t.  mi*  nature  of  the 
surrounding  atmosphere,  we  place  it  over  a  fire,  it  begins  to  heat,  then  to  6o,Y,  and  finally  dis- 
appears, leaving  the  vase  that  contained  it  completely  dry,  provided  no  liquid  be  added,  and  that 
the  fire  be  kept  up  a  sufficient  length  of  time.  This  time  the  water  is  said  to  have  been  MmrtMdL 
which  means  that  it  has  again  boeu  converted  into  steam,  but  rapidly,  and  accompanied  by  the 
phenomenon  of  ebullition. 

We  see,  then,  that  the  transformation  of  water  into  steam,  or  its  change  from  the  liquid  to  the 
gaseous  state,  takes  place  under  two  different  conditions,  which  are, 

1st.  Slow  evaporation  in  the  open  air,  and  without  any  effervescence; 

2nd.   Vaporization,  which  signifies  the  rapid  and  tumultuous  conversion  into  steam. 

These  two  methods,  though  differing  in  appearance,  in  no  way  affect  the  properties  o.  steam. 
We  shall  learn,  as  we  proceed,  that  those  conditions  only  prove  that  steam  is  formed  at  all  tt-mj*- 
ratures ;  and  that,  in  both  cases,  when  passing  from  the  liquid  to  the  gaseous  state,  the  water  acts 
merely  in  obedience  to  a  repulsive  force  of  its  molecules,  which  have  a  constant  tendency  \» 
separate  from  one  another,  overcoming  the  resistance  of  the  ambient  medium.  The  formation  of 
steam  in  vacuum  fully  illustrates  this  truth,  and  might,  judging  from  the  mere  superficial  evidence 
of  our  senses,  constitute  a  third  method,  whereas  it  is  but  an  explanation  of  one  single  general 
phenomenon.  We  shall  also  see  that  this  expansive  force  of  the  liquid  molecules  increase*  with 
the  temperature  of  the  water. 

Formation  of  Steam  in  Vacuum. — It  has  been  shown  by  means  of  the  most  conclusive  experiments 
that  the  formation  of  steam  is  a  permanent  property  in  liquids,  and  that  they  would  inmifdiat.  ly 
assume  that  state  were  they  not  prevented,  under  the  ordinary  conditions  of  their  temperature,  by 
the  external  pressure  of  the  medium  in  which  they  are  placed. 

Effectually,  if  water  be  introduced  into  a  space  entirely  void  of  air  and  where  no  pressure 
exists,  that  is  to  say,  in  vacuum,  it  vaporizes  instantaneously ;  BO  that  of  an  apparent  and  fluid 
body,  there  only  remains  an  invisible  gas  like  air;  and  this  phenomenon  is  accomplished  no 
matter  what  the  temperature  of  the  liquid  may  be.  This  curious  fact  is  demonstrated  by  ph  . 
in  a  very  remarkable  experiment,  and  the  most  satisfactory,  perhaps,  that  could  have  been 
devised. 

Two  mercurial  barometers  being  disposed  in  the  manner  indicated  by  Fig.  848,  and  both  nt 
first  marking  the  atmospheric  pressure,  like  B,  a  drop  of  water,  whence  the  air  has  been  carefully 
expelled  by  distillation,  is  introduced  into  one  of  the  barometrical  tubes,  say  A, 
at  its  lower  end  by  the  aid  of  a  bent  pipe.  On  account  of  its  specific  lightness  the 
drop  of  water  soon  reaches  the  summit  of  the  mercurial  column  and  enters  tho 
barometrical  chamber  or  Torricelli's  vacuum. 

But  here,  and  at  the  same  time,  an  extraordinary  phenomenon  takes  place : 
the  column  of  mercury  falls  while  the  drop  of  water  disappears,  entirely  or  in 
part,  according  to  certain  conditions  which  we  shall  point  out  presently.  Be 
that,  however,  as  it  may,  the  fall  in  the  mercury  is  sufficiently  great  not  in  IH> 
attributed  to  the  mere  weight  of  the  liquid,  which,  by  virtue  of  the  immense 
difference  existing  between  its  own  density  and  that  of  the  metal,  would,  at  the 
most,  have  caused  a  depression  in  the  latter  scarcely  appreciable.  Neither  run 
it  be  accounted  for  by  a  certain  quantity^  of  atmospheric  air  disengaged  from  tho 
water,  since  this  last  was  previously  purged  by  distillation. 

We  are,  therefore,  bound  to  conclude  from  this  experiment  that  a  gaseous 
body  has  been  formed  in  the  barometrical  chamber,  endow  til  \\itli  nn  «  \|.;HIM\I- 


force  capable  of  causing  the  depression  a,  which  may  be  easily  measured  by  1! 

means  of  the  barometer  B,  that  has  remained  intact.    That  gas  is  none  other  ^ 

than  the  steam  arising  from  the  water,  whose  niol.  rule*,  no  longer  under  the 

influence  of  atmospheric  pressure,  have  separated  from  one  another  with  an  cflort  of  repulsion 

which  is  exactly  measured  by  the  barometrical  depression  a  resulting  therefrom. 

So  that,  in  principle,  the  transition  of  water  to  the  state  of  gas  or  steam  is  the  eonseqao 
a  natural  expansion  of  its  molecules,  which  only  becomes  manifest  when  it  is  capable  of  •urmount- 
ing  the  pressure  of  tho  ambient  medium. 

The  Influence  of  Temperature  on  the  AnMffeN  "f  Ft- •••»«.— Tho  formation  of  stet 
being  a  generally  established  fact,  if,  now,  account  IK-  kept  of  the  t.  iii|>cnitiire  nt  VMM 
was  introduced  into  the  barometer,  we  shall  acquire  the  certitude  that  the  t. •n.lei.ry  t- 
tion  varies  with  that  temperature,  and  that,  as  the  latter  increases,  so  n.u.-i 
of  the  mercurial  column.   In  other  terms,  the  elastic  force  of  steam  augments  with  the  temper 


of  the  water  by  which  it  was  engendered. 

The  better  to  impress  the  mind  with  this  important  proposition.  M 
experiment,  that  one  decigramme  of  water  was  intndvoed  into  the  MMMMMVM  I 
+  20  degrees  centigrade;  we  recognize  from  observation  that  the  ******  «*  J"J  ' 
column  would  in  that  case  be  about  17  uiilliuiLlrea,  that  i»,  aaauming  that  tho  water  H 
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its  heat  in  passing  through  the  mercury ;  it  may,  therefore,  be  said  that  the  pressure  exerted  by 
the  steam  thus  formed  is  equivalent  to  a  small  column  of  mercury  of  that  height ;  that  is,  -^ 
of  the  entire  column,  or  rather  more  than  ^  of  the  total  atmospheric  pressure. 

Before  enlarging  more  fully  upon  these  principal  properties  of  steam,  it  will  perhaps  be  useful 
if  we  give  a  better  explanation  of  what  is  to  be  understood  by  steam,  and  of  its  real  constitution  as 
compared  with  the  notions  one  might  be  led  to  form  thereof  from  a  mere  casual  view  of  the  question. 
Steam,  with  its  property  of  expansion,  and  in  that  phase  of  formation  in  which  we  have  supposed 
it  to  be,  is  in  reality  a  transparent,  invisible  fluid,  like  air.  The  grey  or  white  vapours  that  escape 
from  a  vessel  containing  boiling  water,  from  the  chimney  of  a  locomotive  engine,  and  so  forth,  are 
frequently  designated  as  steam;  but  improperly  so,  since  those  mists  are  but  an  immense  agglo- 
meration of  microscopic  globules  composed  of  a  layer  of  liquid  water  enclosing  steam,  and  floating 
in  the  air,  but  the  whole  assemblage  of  which  does  not  possess  the  slightest  elastic  force.  They 
may  be  regarded  as  the  transitory  form  assumed  by  steam  in  returning  to  the  liquid  state  caused 
by  relative  slow  cooling.  The  phenomenon  of  fogs  is  often  witnessed  in  the  atmosphere,  when  the 
gaseous  vapour  which  it  always  contains  in  a  greater  or  less  degree  is,  from  some  cause  or  other, 
partially  condensed. 

The  Maximum  Elastic  Force  of  Steam. — It  is  clear,  from  the  foregoing  experiment  with  the 
barometer,  that,  since  water  only  vaporizes  so  Ions;  as  it  meets  with  no  opposition  from  the  external 
pressure  to  which  it  is  subjected,  that  vaporization  ought  to  cease  as  soon  as  the  steam  already 
formed  has  acquired  precisely  that  tension  which  limits,  with  a  given  temperature,  the  expansion 
of  the  liquid  molecules.  And  this,  in  fact,  is  what  happens.  For,  if  a  sufficient  quantity  of  water 
be  introduced  into  the  barometer,  the  whole  of  it  does  not  become  transformed  into  steam,  but  a 
portion  still  remains  on  the  top  of  the  column  of  mercury  after  the  depression  of  the  latter  has 
taken  place.  In  order  to  attain  this  result  it  is  necessary  that  the  volume  of  water  introduced 
should  bear  a  certain  relation  to  the  size  of  the  barometrical  chamber,  including  the  fall  of  the 
mercury.  When  these  conditions  have  been  fulfilled,  the  chamber  is  said  to  be  saturated,  that  the 
steam  has  attained  its  maximum  of  expansion  or  elastic  force.  This  is  tantamount  to  saying  that  a 
sufficient  pressure  has  been  engendered  to  balance  the  tendency  of  the  water,  with  its  actual 
temperature,  to  transform  itself  through  the  expansive  force  of  its  molecules. 

Things  being  in  this  state,  if  by  some  means  we  are  able  to  enlarge  the  space  occupied  by  the 
steam,  fresh  quantities  of  water  will  be  vaporized,  and  if  we  continue  increasing  it,  not  only  will 
the  whole  of  the  water  disappear,  but  the  steam  will  still  fill  it  and  yet  its  pressure  will  not  be 
completely  destroyed. 

If  we  have  recourse  to  the  opposite  process,  and  lessen  the  space,  a  portion  of  the  water  that 
had  been  converted  into  steam  returns  at  once  to  the  liquid  state ;  and  should  we  persevere  in 
reducing  it  until  it  equals  exactly  the  volume  of  the  water  originally  introduced,  the  entire  mass 
then  assumes  its  primitive  form. 

These  properties,  which  are  an  inevitable  consequence  of  what  we  have  said  touching  the 
equilibrium  between  the  tension  of  the  steam  formed  and  the  natural  expansion  of  the  molecules 
of  the  liquid  mass,  are  rendered  clearly  evident  by  the  aid  of  an  instrument  called  a  well  barometer. 
This  instrument  consists  of  an  ordinary  barometer,  A,  Fig.  849,  but  whose  basin  is  formed  of  a 
deep  tube  B,  widening  into  a  cup  at  the  top  and  partly  filled  with  mercury,  constituting  a  sort  of 
well  into  which  the  tube  A  may  be  plunged  to  a  considerable  length.    As  the 
height  of  the  mercurial  column  is  invariable  and  has  for  its  base  the  level  of  the 
open  surface  in  the  basin,  it  follows,  as  a  matter  of  course,  that,  by  immersing 
the  tube  A  in  the  •well,  the  deeper  it  goes  the  smaller  in  proportion  will  the 
barometrical  chamber  become.    If,  consequently,  we  make  a  drop  of  water  a  pass 
to  the  surface  of  the  mercurial  column,  as  before,  the  space  occupied  by  the 
steam  will  increase  or  diminish  according  as  we  raise  or  lower  the  tube  in  the 
well.    By  raising  it  the  drop  of  water  grows  gradually  smaller,  and  finally  dis- 
appears altogether.     By  continuing  thus  to  augment  the  barometrical  chamber, 
the  mercury — repulsed  at  first  by  the  elastic  force  of  the  steam — will  be  seen  to 
reascend  towards  its  normal  height,  but  without  ever  exactly  attaining  it,  even 
could  the  tube  be  indefinitely  raised ;  which  clearly  proves  that  the  steam  con- 
tinues to  occupy  the  additional  spaces  offered  to  it,  and  always  exerts  a  pressure 
whose  intensity  is  in  the  inverse  ratio  of  those  spaces. 

If  now  we  replunge  the  tube  A  deep  into  the  well,  we  shall  see,  little  by 
little,  the  water  reappear,  and  the  whole  of  the  steam  will  return  to  the  liquid 
state  if  we  immerse  the  tube  sufficiently  deep  to  reduce  the  vacuum  to  the 
dimensions  of  the  drop  of  water. 

This  experimental  result  has  caused  physicists  to  say  that,  although  steam, 
like  gases,  possesses  an  indefinite  force  of  expansion  which  enables  it  to  dilate 
as  the  dimensions  of  the  vase  containing  it  are  increased ;  it  is  not,  like  most 
gases,  indefinitely  compressible ;  but,  that  it  has  a  maximum  of  elasticity  or  com- 
pression beyond  which  it  ceases  to  resist,  and,  by  condensing,  returns  to  the 
liquid  state.  But  this,  however,  in  no  way  proves  that  it  has  not  properties 
entirely  identical  with  those  of  gases;  for,  beyond  this  fact,  which  nothing 
authorizes  us  to  affirm,  that  gases  are  susceptible  of  any  amount  of  compression, 
it  has  been  observed  that  several  of  them  liquefy  in  reality,  if  subjected  to  sufficien  pressure.  Of 
this  number  is  carbonic  acid,  for  instance,  which  becomes  liquid  under  a  pressure  of  45  atmospheres. 
Other  gases  liquefy  with  a  much  less  pressure.  But  steam  offers  an  advantage  seldom  or  never 
met  with  in  permanent  gases,  and  that  is,  the  facility  of  observing  the  condensation  that  takes 
place  if 'we  endeavour  to  compress  it  beyond  a  certain  limit.  It  is  that  limit  that  has  been 
termed  the  maximum  of  elastic  force,  and  which  varies  with  the  temperature  of  the  liquid  by  which 
the  steam  was  generated.  It  would  appear,  then,  from  this,  that  in  vacuum,  when  the  quantity 
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of  mercury-we  were  unable  to  observe  the  effects  of  steam  at  I >  higher 


level  with  that  m  the  basin,  the  instrument  ceases  to  act.     This  first  remilt  haa        r  J  ' 
of  very  great  importance,  since  it  has  afforded  an  exact  knowledge  of  the  general  u, 
steam,  and  has  enabled  us,  moreover,  to  establish  a  unity  of  measure  of  its  power 
rejecting  the  facility  of  measurement  presented  by  the  barometer,  the  grand  unity,  that  h'aa" 
chosen  as  standard,  is  the  pressure  of  the  atmosphere,  to  which  that  of  steam  becomes  equal  at 
certain  temperature,  as  seen  already.     Consequently,  when  the  pressure  of  steam  is  capable  of 
replacing  the  column  of  mercury  in  balancing  the  external  air,  it  is  said  to  be  equal  to  on* 
r"2S£?Si  pressure,  as  expressed  by  weight  and  unity  of  surface,  is,  we  know,  equal  to 

•0666  kilogramme  on  every  square  centimetre.     It  is  simply  the  weight  of  a  column  of  mt-rcurr 
measuring  76  centimetres  in  height  and  1  centimetre  square  at  the  base. 

If,  as  we  have  explained  elsewhere,  water,  when  heated  in  the  open  air,  cannot  exceed  the 
temperature  of  100  degrees  centigrade,  the  case  assumes  a  very  different  aa|>ect  when  it  is  confined 
in  a  close  vessel  from  which  the  steam  is  unable  to  escape  into  the  atmosphere  as  fast  as  it  is 
formed.  The  temperature  of  the  water  may  then  be  heightened,  giving  forth  steam  whose 
pressure  increases,  we  might  almost  say,  indefinitely. 

In  order  to  furnish  a  first  demonstration  of  this  fact,  physicists  have  recourse  to  a  very  simple 
experiment,  of  which  we  must  say  a  few  words. 

A  tube,  A,  Fig.  850,  bent  in  the  form  of  an  U,  but  having  its  branches  of  unequal  length— the 
longer  being  open  to  the  air,  while  the  shorter  is  hermetically  closed— is  partially  filled  with 
mercury,  and  a  drop  of  water  is  made  to  pass  to  the  summit  of  the  column  in  the 
sealed  end,  as  seen  at  a.  Mft. 

Having  made  these  arrangements,  if  we  now  plunge  the  instrument  into  an 
oil  bath  at  a  temperature  greater  than  100  degrees,  steam  begins  to  form,  spread- 
ing from  a  to  win,  and  thrusting  back  the  mercury  which  rises  in  the  longer 
branch  of  the  tube  to  a  certain  height  si.  It  then  becomes  evident  that  the 
steam  exerts  a  pressure  superior  to  that  of  the  atmosphere,  since  when  in  its 
liquid  state  it  bore  that  pressure  transmitted  through  the  mercury,  but  repulsed 
it  as  scon  as  it  became  transformed. 

Its  real  pressure  is  therefore  equal  to  that  of  the  atmosphere  plus  the  column 
of  mercury  H,  measured  from  the  open  surface  s  /  to  the  horizontal  line  m  n, 
passing  through  the  summit  of  the  column  in  the  short  branch  of  the  tube. 

Be  it  granted,  for  example,  that,  in  the  above  experiment,  the  larger  column 
of  mercury  has  reached  a  height  H  equal  to  45  centimetres;  how  should  we 
express  ourselves  in  order  to  indicate  the  pressure  of  the  steam  that  has  been  formed,  allowance 
for  the  expansion  of  the  mercury  not  being  taken  into  consideration  ? 

With  a  barometer  indicating  that,  at  the  moment  of  the  experiment,  the  atmospheric  prewar* 
is  balanced  by  a  column  of  mercury  76  centimetres  in  height,  the  steam  will  have  overcome  a 
resisting  column  of  76  +  45  =  121  centimetres.  In  order  to  establish  the  relation  between  UM 

121 

height  of  that  pressure  and  that  of  the  atmosphere,  we  say,  — —  =  1*592;  meaning  that  the 

pressure  of  the  steam  is  equal  to  1  atmosphere  plus  592  thousandths. 

As  regards  the  expression  of  the  pressure  by  weight  and  unity  of  surface,  adopting  the  centi- 
metre square  for  the  latter,  it  is  sufficient  to  know  the  density  of  the  liquid  raised,  and  to  ascertain 
its  weight  according  to  its  volume.  The  density  of  mercury  being  13-598,  or  13'598  gramme*  for 
a  cubic  centimetre,  we  should  have  13-598  x  121  =  1645  grammes.  We  then  say  that  the  •team 
exerts  a  pressure  represented  by  a  weight  equal  to  1-G45  kilogramme  upon  every  centimetre 
square. 

Let  us  remark,  in  order  that  no  doubt  may  present  it.-rlf  to  the  mind  respecting  the  condition 
of  vacuum  laid  down  just  now  for  the  formation  of  utenm, — but  which  does  not  noplv  in  the  above 
experiment, — that  it  must  be  remembered  that  a  vacuum  doea  not  otherwise  modify  the  phenomenon 
of  the  generation  of  steam,  beyond  allowing  ita  inatantam-oua  arcon>pli.-hin<  "t,  and  at  the  lowest 
temperatures,  even  that  of  freezing.  Consequently,  the  pro|M-rties  observed  are  the  mme  in  both 
instances.  Were  it  possible  for  us  to  transport  ourselves  to  some  plnee  where  the  liir-  • 
pressure  could  reach  a  height  of  121  centimetres,  the  experiment  might  be  performed  with  that 
instrument,  and  the  results  obtained  would  be  precisely  identical. 

Although  the  last  experiment  has  enabled  us  to  note  the  pressure  of  steam  for  trroporatum*  a 
little  above  100  degrees,  it  would  not  be  so  were  it  to  become  verv  much  gn-nt'-r:  for,  as  steam 
rapidly  acquires  very  considerable  pressure,  it  is  more  than  probable  that  the  instrument  would 
not  be  able  to  resist  it. 

The  first  men,  after  English  accurate  investigators,  to  thoroughly  investigate  this  question  it 
France  were  the  celebrated  Arago  and  Dulong,  to  whom  the  Academy  of  Sciences  entrusted  the 
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important  and  useful  mission  of  aswrtaininp:  the  clastic  force  of  steam  throughout  the  most  extended 
scale  of  temperatures  possible.    That  laborious  work  was  only  terminated  in  1830. 

This  is  how  these  illustrious  savants  operated  so  as  to  obtain  high  degrees  of  temperature,  and 
be  able,  at  the  same  time,  to  measure  the  corresponding  elasticity  of  the  steam. 

The  water  was  enclosed  in  a  boiler  made  of  strong  sheet  iron,  perfectly  air-tight,  and  fixed 
in  a  brick  furnace.  Two  gun-barrels,  open  at  the  top  and  closed  at  the  bottom,  were  then  inserted 
into  the  lid,  descending,  the  one  to  the  lower  part  of  the  vessel,  the  other  to  the  upper,  where  the 
steam  was  confined.  Both  were  filled  with  mercury,  which  acquired  necessarily  the  same  tempe- 
rature as  the  fluid  into  which  the  barn-Is  were  plunged,  and  which  could  be  easily  measured  by 
the  aid  of  thermometers  so  disposed  as  to  suffer  no  loss  by  cooling.  Being  thus  in  a  position  to 
know  at  any  moment  the  temperature  of  the  liquid  and  of  the  steam  arising  from  it,  a  communi 
cation  was  established  between  the  latter  and  an  instrument  suitable  for  measuring  its  corresponding 
tension. 

That  instrument  is  what  has  been  called  later  a  Condensed-air  Manometer,  and  is  composed,  in 
principle,  of  a  stout  glass  tube  A,  Fig.  851,  closed  at  its  upper  extremity,  while  its  lower  one,  which 
is  open,  dips  into  a  basin  B,  containing  mercury.  This  tube  is  care- 
fully adjusted  to  the  basin,  so  as  to  cut  off  all  communication  with  the 
external  atmosphere.  A  second  tube  C,  similarly  fitted,  has  one  of  its 
ends  inserted  likewise  into  the  basin,  but  without  dipping  in  the 
mercury;  while  the  other  is  connected  with  the  vessel  in  which  is 
the  fluid  whose  elastic  force  has  to  be  ascertained. 

In  order  to  understand  the  working  of  the  manometer,  let  us  sup- 
pose, before  beginning  the  experiment,  that  perfect  communication 
exists  between  the  several  parts,  and  that  the  whole  is  filled  with 
atmospheric  air ;  it  is  then  clear  that  the  level  of  the  mercury  within 
the  glass  tube  will  be  the  same  as  that  in  the  basin,  the  pressure  being 
equal  throughout.  Soon,  however,  the  temperature  of  the  liquid 
beginning  to  rise,  steam  is  formed  in  the  boiler,  and  the  air  it  contained 
is  thereby  gradually  expelled  through  an  outlet  temporarily  reserved 
for  that  object.  So  long  as  the  temperature  has  not  reached  that 
point  at  which  the  tension  of  the  steam  exceeds  that  of  the  atmo- 
sphere, the  level  of  the  mercury  remains  unaltered ;  but,  from  the 
instant  that  occurs,  from  the  special  arrangement  of  the  apparatus,  the 
temperature  of  both  the  liquid  and  the  steam  augments,  as  well  as 
the  elastic  force  of  the  latter :  the  mercury  is  then  seen  to  rise  in  the 
tube  on  account  of  that  excess  of  tension,  which  is  felt  alike  in  the  basin 
containing  the  mercury  and  in  the  vessel  where  the  steam  is  generated. 
But,  as  the  mercury  rises,  it  necessarily  compresses  the  air  confined 
in  the  upper  portion  of  the  tube,  and  whence  it  is  unable  to  escape : 
the  elastic  force  of  that  compression  must  be  the  same  as  that  of  the  [ 
steam,  by  virtue  of  the  equal  transmission  of  pressure,  barring  a  cor- 
rection on  account  of  the  weight  of  the  column  of  mercury  raised.  This  compression  of  the  air 
above  the  mercurial  column  is,  therefore,  the  measure  of  the  elastic  force  of  the  steam ;  and  is  the 
more  easily  determinable  that  air  is  compressed  in  accordance  with  a  well-known  law,  discovered 
by  Boyle,  and  defined  in  the  following  terms  : — 

The  volumes  of  gases  are  inversely  proportional  to  their  pressures. 

We  shall  revert  again  to  that  law,  to  which  we  merely  allude  for  the  better  intelligence  of  the 
present  experiment. 

Consequently,  if  we  adopt  as  unity  the  volume  of  air  contained  in  the  tube  at  the  commence- 
ment of  the  operation,  with  the  ordinary  atmospheric  pressures,  when,  by  the  rising  of  the  mercury, 
that  volume  has  been  reduced  one-half,  we  shall  conclude  that  it  supports  a  double  pressure,  or 

2  atmospheres ;  when  it  has  been  reduced  to  one-third,  that  the  pressure  is  triple,  or  equal  to 

3  atmospheres ;  when  to  one-quarter,  4  atmospheres,  and  so  on. 

This  disposition  of  the  manometer  enables  us,  therefore,  at  any  moment  to  ascertain  the  elastic 
force  of  the  steam  formed,  while  the  thermometers  give  its  temperature.  We  may  add  that  the 
experiments  have  been  carried  aa  far  as  24  atmospheres.  From  these  experiments  and  others,  a 
very  complete  Table  has  been  made  of  the  corresponding  elastic  force  of  steam  for  various  tempe- 
ratures and  also  a  formula  whereby  the  intermediate  quantities  may  be  calculated.  We  subjoin 
that  portion  of  the  Table  which  is  most  likely  to  prove  useful  in  practice.  The  elastic  forces  given 
are  maxima,  that  is  to  say,  those,  at  each  temperature,  where  the  steam  saturates  the  space  and 
would  commence  returning  to  its  liquid  state  if  an  attempt  were  made  to  compress  it.  The  Table 
is  divided  into  two  parts,  the  first  comprising  the  elastic  forces  of  steam  for  temperatures  ranging 
from  0  to  100  degrees,  the  second  the  temperatures  corresponding  to  elastic  forces  that  vary  from 
1  to  50  atmospheres. 

A  third  Table  has  been  added  to  these,  based  upon  calculation,  for  pressures  ranging  between 
100  and  1000  atmospheres.  Although  it  is  the  opinion,  even  of  savants,  that  the  numbers  it 
contains  are  not  to  be  relied  upon,  since  they  have  not  the  sanction  of  experiment,  still  we  give 
it,  that  it  may  serve  for  comparison. 

•  The  two  first  Tables,  on  the  contrary,  afford  all  the  guarantee  demanded  in  practice ;  and  from 
more  recent  researches,  made  by  M.  Regnault,  it  turns  out  that,  with  the  exception  of  a  few  slight 
differences,  their  correctness  may  generally  be  depended  upon. 

In  examining  these  Tables  with  a  little  attention  we  are  struck  with  a  very  remarkable  result, — 
it  is  the  rapidity  with  which  the  tension  of  steam  increases,  compared  with  its  temperature,  and 
how  very  far  the  two  effects  are  from  being  proportional.  This  fact  may  be  rendered  still  more 
apparent  by  means  of  a  graphic  tracing,  which,  being  constructed  with  the  assistance  of  the 
numbers  given  in  the  Tables,  brings  it  more  prominently  before  the  understanding. 
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TABLE  I.— THE  MAXIMUM  ELASTIC  FORCE  or  STEAM  FOR  TEMPERATURES  FROM  0  TO  100 

DEGREES  CENTIGRADE. 


Degrees, 
centi- 
grade. 

Tension  of 
Steam  in 
millimetres. 

Pressure  in 
kilos,  on 
1  centimetre 
square. 

Degrees, 
centi- 
grade. 

Tension  of 
Steam  in 
millimetres. 

Pressure  In 
kilos,  on 
1  centimetre 
square. 

i  •  pi  .  -. 
centi- 
grade. 

Tension  of 
8u-am  in 
millimetre*. 

Prr»urf  in 
lulu*,  on 
I  cMitiinrtre 
•qiurr. 

0 

5-059 

0-0069 

34 

38-254 

0-0520 

!     68 

209--HO 

0-28454 

1 

5-398 

0-0074 

35 

40-404 

0-0549 

69 

219-060 

0-29761 

2 

5-748 

0-0078 

36 

42-743 

0-0581 

70 

229  070 

0-31121 

3 

6-123 

0-0084 

37 

45-038 

0-0612 

71 

239-450 

0-32532 

4 

6-523 

0-0089 

38 

47-759 

0-0646 

72 

250-230 

0-33996 

5 

6-947 

0-0094 

39 

50-147 

0-0681 

73 

261-430 

0-35518 

6 

7-396 

0-0101 

40 

52-998 

0-0720 

74 

273-030 

0-37094 

7 

7-871 

0-0107 

41 

55-772 

0-0758 

75 

285-070 

0-39632 

8 

8-375 

0-0114 

42 

58-792 

0-0799 

76 

297-570 

0'4(H  I'-; 

9 

8-909 

0-0122 

43 

61-958 

0-0818 

77 

310-490 

C-42184 

10 

9-475 

0-0129 

44 

65-627 

0-0892 

78 

323-890 

0-44004 

11 

10-074 

0-0137 

45 

68-751 

0-0934 

79 

337-760 

0-45888 

12 

10-707 

0-0146 

46 

72-393 

0-0983 

80 

352-080 

0-47834 

13 

11-378 

0-0155 

47 

76-205 

0-1035 

81 

367-000 

0-498CO 

14 

12-087 

0-0165 

48 

80-195 

0-1090 

82 

:xs  •:;-!! 

0-51950 

15 

12-837 

0-0170 

49 

84-370 

0-1166 

83 

898-280 

0-54110 

16 

13-630 

0-0186 

50 

88-743 

0-1206 

84 

414-730 

0-56345 

17 

14-468 

0-0197 

51 

93-301 

0-12676 

85 

431-710 

0-58652 

18 

15-353 

0-0209 

52 

98-075 

0-13325 

86 

449-260 

0-61086 

19 

16-288 

0-0222 

53 

103-060 

0-13999 

87 

467-380- 

0-6:; 

20 

17-314 

0-0235 

54 

108-070 

0-14710 

88 

486-090 

0-66040 

21 

18-317 

0-0250 

55 

113-710 

0-15449 

89 

505  380 

0-68661 

22 

19-447 

0-0265 

56 

119-390 

0-16220 

90 

525-28 

0-71364 

23 

20-577 

0-0281 

57 

125-310 

0-17035 

91 

547-80 

0-64152 

24 

21-805 

0-0297 

58 

131-500 

0-17866 

92 

566-95 

0-77026 

25 

23-090 

0-0314 

59 

137-940 

0-18736 

93 

588-74 

0-79986 

26 

24-452 

0-0334 

60 

144-660 

0-19653 

94 

611-18 

0-83035 

27 

25-881 

0-0353 

61 

151-700 

0-20610 

95 

634-27 

0-86172 

28 

27-390 

0-0374 

62 

158-960 

0-21586 

96 

658-05 

••89402 

29 

29-045 

0-0396 

63 

165-560 

0-22639 

97 

682-59 

0-92736 

30 

30-643 

0-0418 

64 

174-470 

0-23758 

98 

707-63 

0-96138 

31 

32-410 

0-0440 

65 

182-710 

0-24823 

99 

733-46 

0-99448 

32 

34-261 

0-0465 

66 

191-270 

0-25986 

100 

760-00 

1-03253 

33 

36-188 

0-0492 

67 

200-180 

0-27196 

TABLE  II.— OF  THE  TEMPERATURES  OF  STEAM  FOR  TENSIONS  FROM  1  TO  50  Am 


Elastic  Forces 

Corresponding 

Pressure  in 

Elastic  Force* 

Correspond  Ing 

Prrwnrr  In 

expressed  in 

Temperatures  given 

kilogrammes 

expressed  in 

lYmperatunt  given 

kilugrUHMi 

Atmospheres 
of  76  cents. 

by  the  Centigrade 
Mercurial 

on  a 
centimetre 

Atmospheres 
of  76  cento. 

by  the  Centigrade 
Mercurial 

on* 

ccntlmMra 

of  mercury. 

Thermometer. 

square. 

of  mercury. 

Thermometer. 

•qittnv 

1 

100 

1-033 

13 

193-7 

13-429 

1J 

112-2 

1-549 

14 

197-19 

11-462 

2 

121-4 

2-066 

15 

200-48 

15-495 

2J 

128-8 

2-582 

16 

203-60 

16-528 

3 

135-1 

8-099 

17 

206^57 

i  :  r>61 

8* 

140-6 

8-615 

18 

209-4 

18-594 

4 

145-4 

4-132 

19 

212-1 

19-627 

*} 

149-06 

4-648 

20 

214-7 

•JO-660 

5 

153-08 

5-165 

21 

217-2 

21-698 

6i 

156-8 

5-681 

22 

219-6 

H*TM 

6 

160-2 

6-198 

23 

221-9 

23-759 

6* 

163-48 

6-714 

24 

224-2 

24*792 

* 

7 

166-5 

7-231 

25 

226-3 

25-824 

7* 

169-37 

7-747 

30 

m»i 

wwe 

•  a 

8 

172-1 

8-264 

:•.:. 

244*85 

80-1 

9 

177-1 

9-297 

40 

252*55 

41- 

10 

181-6 

10-33 

45 

25!)  -52 

4-:  485 

11 

186-03 

11-363 

50 

265*89 

51650 

12 

190- 

12-396 
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TABLE  III.— OP  THE  TEMPERATURES  OF  STEAM  TOR  TENSIONS  FROM  100  TO  1000  ATMOSPHERES. 


Elastic  Fort** 

Pressure  in  kilos. 

Elastic  Forces 

Pressure  in  kilos. 

expressed 
to 

Corresponding 
Temperatures. 

on  a 

centimetre 

expressed 
in 

Corresponding 
Temperature*. 

on  a 

centimetre 

Atmospheres. 

square. 

A  t  mospherps. 

square. 

100 

311-36 

103-30 

600 

462-71 

619-8 

200 

863-58 

206-60 

700 

478-45 

723-1 

300 

897-65 

309-90 

800 

492-47 

826-4 

400 

423-57 

413-20 

900 

505-16 

929-7 

500 

444-70 

516-50 

1000 

516-76    . 

1033-0 

The  first  idea  of  a  tracing  of  this  nature  belongs  to  M.  Cl^ment-Desormes,  from  whoso  hints 
M.  Leblane  made  a  diagram  which  may  be  seen  in  the  galleries  of  the  Conservatoire  des  Arts  et 
Me'tiers,  Paris.  The  one  which  we  here  reproduce,  Fig.  852,  comprises,  in  addition,  a  special 
tension  curve,  from  0  to  1  atmosphere,  after  the  table  drawn  up  by  M.  Rcgnault. 
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The  principle  of  the  tracing  is  extremely  simple.     The  vertical  scale  A  B  is  divided  into  equal 
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in  like  manner  divided  into  equal  parts  corresponding  to  pressures  expressed  in  atmospheres. 
Points  have  been  marked  upon  the  diagram  where  the  vertical  and  horizontal  lines  meet,  that  is, 
at  the  intersection  of  the  abscisses  and  ordinates  passing  through  the  temperatures  and  tensions 
which  face  one  another  in  the  preceding  Tables,  and  those  points  united  by  the  curve  A  C. 

A  second  curve  D  E  has  been  traced  to  correspond  with  the  tensions  ranging  between  0  and 
100  degrees,  and  to  enable  the  results  to  be  more  clearly  understood  by  enlarging  the  scale. 
Effectually,  the  total  length  of  the  diagram  which,  on  line  B  C  corresponds  to  15  atmospheres, 
represents  but  one  only  with  respect  to  the  second  curve  D  E,  whose  graduated  scale  of  tensions 
is  on  the  line  F  E,  and  gives  at  once  the  fractions  of  an  atmosphere  of  760  millimetres  of  mercury, 
and  the  absolute  heights  of  that  liquid  expressed  in  centimetres. 

Thus,  by  this  twofold  graduation  of  the  scale  we  see  simultaneously  to  what  fraction  of  an 
atmosphere  steam  at  a  given  temperature  corresponds,  and  what  is  its  equivalent  in  centimetres 
of  mercury. 

For  instance,  let  ua  take  a  temperature  of  70  degrees  in  the  scale  D  F,  and  from  its  intersection 
6  with  the  curve  D  E  draw  a  vertical  line  till  it  meets  the  scale  E  F,  and  we  shall  find  that  it 
answers  in  that  scale  to  a  mercurial  height  of  23  centimetres  and  to  0'3  atmospheric  pressure. 

It  is  evident  that  the  inverse  operation,  that  is,  to  find  the  temperature  for  a  proposed  tension, 
is  performed  exactly  in  the  same  manner,  the  disposition  of  the  diagram  being  equally  adapted 
for  both  purposes. 

The  construction  of  these  curves  is  sufficient  to  show  the  rapidity  with  which  the  tension  of 
steam  increases,  since,  were  it  proportional,  the  points  of  intersection  of  the  lines  passing  through 
the  temperatures  and  tensions  would  be  situated  on  a  straight  line  drawn  from  A  to  C.  But 
this  is  far  from  being  the  case,  since  we  see  by  the  Table  that  the  elastic  force  of  steam,  at  a 
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temperature  of  82  degrees,  being  equal  to  882  millimetres  of  mercury,  or  about  half  an  atmosphere  • 
it  becomes  double  or  1  atmosphere  at  100  degrees,  2  atmospheres  at  121  degrees,  3  atmospheres  nt 
135  degrees,  and  finally  it  reaches  24  atmospheres  before  its  temperature  has  risen  to  225  degree*. 

Steam  is,  therefore,  a  power  that  requires  to  be  used  with  great  precaution,  because,  after 
certain  limits,  a  few  degrees  of  temperature  suffice  to  double  its  pressure,  and  may  entail  B*»ri..u« 
disaster.  This  is  known  to  all  mechanicians,  and  should  particularly  be  borne  in  mind  l.v  btokera 
for  their  own  security. 

Density  of  Steam. — The  density  of  steam  forms  a  very  important  item  in  the  study  of  engine*, 
since  it  teaches  what  are  the  quantities  of  water  requisite  to  feed  a  given  motor. 

Before  giving  the  mere  list  of  values  that  correspond  to  the  different  densities  of  steam, 
according  to  its  tensions  and  temperatures,  some  explanation  is  necessary  BO  aa  to  establish  clearly 
the  condition  in  which  it  is  when  a  density  of  any  kind  is  applied. 

Steam  may  be  supposed  to  be  in  two  situations :  1st.  Enclosed  in  a  vessel  together  with  a 
certain  quantity  of  the  liquid  by  which  it  was  generated ;  2nd.  Enclosed  in  a  vessel  of  which  it 
fills  the  entire  space  without  any  of  the  liquid  being  present. 

First  condition. — When  a  vessel  contains,  at  the  same  time,  both  liquid  and  steam,  what  will 
happen  if  the  supply  of  caloric  be  continued?  The  water  will  generate  more  steam,  which  will 
combine  with  that  already  formed ;  but,  as  the  steam  occupies  a  much  greater  space  than  the 
water  that  has  been  vaporized,  the  result  will  be  that,  since  the  primitive  volume  is  only  aug- 
mented by  an  imperceptible  quantity,  its  pressure  will  notably  increase,  and  in  a  manner  analogous 
to  that  of  a  gas  when  condensed  into  a  given  capacity.  This  effect  is  further  enhanced  by  the 
tendency  of  the  first-formed  steam  to  expand  on  account  of  the  elevation  of  temperature. 

Second  condition. — If  a  vessel,  containing  steam  but  no  liquid,  be  subjected  to  an  increase  of 
temperature,  the  steam  will  make  an  effort  to  expand  like  a  permanent  gas,  and  its  tension  will 
increase  in  the  same  proportion.  Only,  in  this  latter  case,  the  progression  of  the  elastic  forces 
will  not  be  so  rapid  as  in  the  former,  because  it  results  only  from  the  tendency  to  expansion, 
which,  within  certain  limits,  is  proportional  to  the  increased  temperature. 

Consequences. — Under  the  first  of  these  two  conditions,  where  the  space  occupied  by  the  steam, 
though  remaining  perceptibly  unaltered,  is  gradually  charged  with  fresh  quantities  of  vaporized 
water  as  the  temperature  and  tension  increase,  it  is  evident  that  the  density  of  that  steam  must 
vary  also,  which  is  not  the  case  under  the  second  condition,  where  it  tends  only  to  expand,  but 
receives  no  additional  charge.  The  peculiar  density  of  steam  is  derived,  therefore,  from  the  first 
condition,  wherein  each  new  tension  corresponds  to  fresh  quantities  of  vaporized  water. 

We  are  indebted  to  Gay-Lussac  for  the  most  complete  notions  on  this  subject.  The  experi- 
mental researches  made  by  that  illustrious  savant  enabled  him  to  construct  a  formula  by  the  aid 
of  which  he  calculated  a  table  of  densities,  taking  those  by  MM.  Arago  and  Dulong,  touching  the 
relation  between  temperature  and  tension,  as  the  base  of  his  operations. 

Jn  order  thoroughly  to  understand  the  application  of  densities,  it  must  be  remembered, 

1st.  That  the  said  densities  correspond  to  the  volumes  occupied  by  the  steam  when  at  its 
maximum  of  elastic  force,  after  which  any  mechanical  compression  would  cause  it  to  return  to  the 
liquid  state ; 

2nd.  That  a  given  weight  of  steam  is  exactly  equal  to  that  of  the  water  whence  it  was 
formed. 

TABLE  I.— OP  THE  DENSITIES  AND  VOLUMES  OF  STEAM  AT  ITS  MAXIMUM  OP  ELASTIC  FOROF, 

FHOM   0   TO   100   DEGREES. 

The  density  of  water  at  0°  being  taken  as  unity. 


Tempera- 
ture, 

Tension  in 
millimetres. 

Density. 

Volume. 

Tempera- 
ture. 

Tension  in 
millimetres. 

Detwlty. 

Voltw 

0 

5-059 

0-00000540 

182323 

23 

20-577 

Ma 

1840] 

1 

5-393 

573 

174495 

24 

21-805 

2133 

16877 

2 

5-748 

609 

164332 

25 

23-090 

0-00002252 

44411 

3 

6-123 

646 

154342 

26 

24-452 

M7fl 

HOM 

4 

6-523 

686 

145886 

27 

25-881 

2507 

MMAI 
...'-.'.i 

5 

6-947 

727 

137488 

28 

27-390 

2643 

878M 

6 

7-396 

772 

129587 

29 

29-045 

2794 

M7M 

7 

7-871 

818 

122241 

30 

80-r,4:s 

MM 

MM] 

8 

8-375 

867 

115305 

31 

32-410 

8007 

BM91 

9 

8-909 

919 

108790 

32 

34-261 

MM 

80650 

10 

9-475 

0-00000974 

102670 

33 

36-188 

:;»:::. 

•j'.-irj 

ir" 

10-074 

0-00001032 

99202 

84 

:^-254 

Mii 

17886 

12 

10-707 

1092 

91564 

35 

40-404 

MM 

MM 

13 

11-378 

1157 

86426    ;i      36 

42-743 

4017 

MM1 

14 

12-087 

1224 

81686 

87 

45-038 

4219 

0704 

15 

12-837 

1299 

77008 

38 

47-579 

0  OOOOH42 

noil 

16 

13-630 

1372 

72913 

39 

50-147 

MM 

IMM 

17 
18 

14-468 
15-353 

1451 
1534 

ssm 

65201 

40 
41 

52-998 
55-772 

4916 
5156 

M8M 

19886 

19 

16-288 

1622 

61654 

42 

58-792 

5418 

18459 

20 

17-314 

1718 

58224 

43 

61-958 

M81 

19971 

21 

18-317 

1811 

55206 

44 

65-627 

MM 

IMM 

22 

19-417 

1914 

raeo 

45 

68-751 

MM 

IMM 

2  B 
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TABLE  I. — OP  THE  DENSITIES  AND  VOLUMES  OP  STEAM,  &c.— continued. 


Tempera- 
ture. 

Tension  in 
millimetres. 

Density. 

Volume. 

Tempera- 
ture. 

Tension  In 
millimetres. 

Density. 

Volume. 

46 

72-393 

6585 

15185 

74 

273-030 

22794 

4387 

47 

76-205 

6910 

14472 

75 

285-070 

23789 

4204 

48 

80-195 

7242 

13809 

76 

297-570 

24702 

4048 

49 

84-370 

7602 

13154 

77    * 

310-490 

25699 

3891 

50 

88-742 

0-00007970 

12546 

78 

323-890 

26739 

3741 

51 

93-304 

0-00008354 

11971 

79 

337-760 

27789 

3599 

52 

98-075 

8753 

11424 

"80 

352-080 

0-00028889 

3462 

53 

103-060 

9174 

10901 

81 

367-000 

30025 

3331 

54 

108-270 

0-00009606 

10410 

82 

382-380 

31195 

3206 

55 

113-710 

0-00010054 

9946 

83 

398-280 

32399 

3087 

56 

119-390 

10525 

9501 

84 

414-730 

33637 

2978 

57 

125-310 

11011 

9082 

85 

431-710 

34916 

2864 

58 

131-500 

11523 

8680 

86 

440-260 

36237 

2760 

59 

137-940 

12044 

8303 

87 

467-380 

37590 

2660 

60 

144-660 

12599 

7937 

88 

486-090 

38984 

2565 

61 

151-700 

13179 

7594 

89 

505-380 

40117 

2474 

62 

158-960 

13760 

7267 

90 

525-280 

418'Jl 

2387 

63 

166-560 

14374 

6957 

91 

545-800 

0-00043405 

2304 

64 

174-470 

15010 

6662 

92 

566-950 

44956 

2224 

65 

182-710 

15668 

6382 

93 

588-740 

46556 

2148 

66 

191-270 

16356 

6114 

94 

611-180 

48201 

2075 

67 

200-180 

17060 

5860 

95 

634-270 

4SJ88G 

2005 

68 

209-440 

17797 

5619 

96 

658-050 

51613 

1938 

69 

219-060 

18566 

5386 

97 

682-590 

53388 

1873 

70 

229-070 

19355 

5167 

98 

707-630 

55191 

1812 

71 

239-450 

20174 

4957 

99 

733-460 

57055 

1751 

72 

250-230 

21013 

4759 

100 

760-000 

0-00058955 

1696 

73 

261-430 

21889 

4569 

TABLE  II. — THE  DENSITIES  AND  VOLUMES  OF  STEAM  FROM  1  TO  50  ATMOSPHEEES. 


Temperature. 

Elastic 
Force 
expressed 
in  Atmo- 
spheres. 

Density. 

Volume. 

Temperature. 

Elastic 
Force 
expressed 
in  Atmo- 
spheres. 

Density. 

Volume. 

100 

1 

0-0005895 

1696 

193-7 

13 

0-006107 

163-74 

112-2 

1-5 

0-0008563 

1167-8 

197-2 

14 

0-006527 

153-10 

121-4 

2 

0-0011147 

897-9 

200-5 

15 

0  006944 

144-00 

128-8 

2-5 

0-0013673 

731-39 

203-6 

16 

0-007359 

135-90 

135-1 

3 

0-0016150 

619-19 

206-6 

17 

0-007769 

128-71 

140-6 

3-5 

0-0018589 

537-96 

209-4 

18 

0-008178 

122-28 

145-4 

4 

0-0020997 

476-26 

212-1 

19 

0-008583 

116-51 

149-1 

4-5 

0-0023410 

427-18 

214-7 

20 

0-008986 

111-28 

153-1 

5 

0-0025763 

388-16 

217-2 

21 

0-009387 

106-53 

156-8 

5-5 

0-0028091 

355-99 

219-6 

22 

0-009785 

102-19 

160-2 

6 

0-0030402 

328-93 

221-9 

23 

0-010182 

98-21 

163-5 

6-5 

0-0032683 

305-98 

224-2 

24 

0-010575 

94-56 

166-5 

7 

0-0034981 

286-12 

226-3 

25 

0-010968 

91-17 

169-4 

7-5 

0-0037217 

268-82 

236-2 

30 

0-012903 

77-50 

172-1 

8 

0-0039434 

253-59 

244-8 

35 

0-014663 

68-20 

177-1 

9 

0-0043865 

227-98 

252-5 

40 

0-016644 

60-08 

181-6 

10 

0-0048226 

207-36 

259-5 

45 

0-018497 

54-06 

186-0 

11 

0-0052557 

190-27 

265-9 

50 

0-020306 

49-31 

190-0 

12 

0-0056834 

175-96 

""">. 

TABLE  III. — THE  DENSITIES  AND  VOLUMES  OF  STEAM  FROM  100  TO  1000  ATMOSPHERES. 


Elastic 

Elastic 

Force 

Force 

Temperature. 

expressed 

Density. 

Volume. 

Temperature, 

expressed 

Density. 

Volume. 

in  Atmo- 

in Atmo- 

spheres. 

spheres. 

311-36 

100 

0-037417 

26  72 

462-71 

600 

0  17791 

5-621 

363-58 

200 

0-068635 

14  570 

478-45 

700 

0  20318 

4-921 

397-65 

300 

0-097671 

10-238 

492-47 

800 

0-2279 

4-387 

423-57 

400 

0-12534 

7-978 

505-16 

900 

0-2522 

3-965 

444-70 

500 

0-15202 

6-578 

516-76 

1000 

0-276 

3  622 

BOILER.  41g 

The  use  of  these  Tables  is  easily  understood.    For  the  present,  let  it  be  observed  thmi  as  all 
the  values  have  not  been  derived  from  actual  experiments,  it  ia  possible  that  some  rnar 
in  strict  accord  with  real  facts;  but,  as  they  set  forth  this  property,  that  the  density  of 
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hundreds-perhaps  of  several  thousands-of  atmospheres."    We  learn  from  that  savant  (Jut* 
experiment  has  been  made  by  M.  Cagnard  de  la  Tour  demonstrating  a  fact  that  seems  to  be 
approach  towards  that  hypothetical  result.    It  is  thus :  a  strong  glass  tube  is  filled  to  be  a  Quarter 
of  its  capacity  with  water;  this  done,  it  is  exhausted  of  air  and  sealed  hermetically     It  i 
exposed  to  a  gradually-increasing  temperature,  when,  on  arriving  at  a  certain  temperature   tho 
water  seems  to  vanish  altogether,  and  the  tube  appears  empty ;  but,  on  slightly  cooling  the  li'< 
returns  almost  suddenly  .  .  .  ;  this  effect  is  produced  at  a  temperature  nearly  equal  to'that  whic] 
causes  the  fusion  of  zinc,  or  360  degrees  centigrade.    In  other  terms,  tho  whole  of  tho  »at< 
vaporizes  in  a  space  only  four  times  its  volume ! 

The  Ebullition  of  Water— In.  order  that  the  fundamental  properties  of  tho  formation  of  -*r» 
may  be  well  understood,  it  is  necessary  that  the  phenomenon  of  ebullition  bo  fully  ex»lnined  • 
but,  as  that  explanation  would  not  have  been  intelligible  without  a  portion  of  tho  prccedi 
notions,  we  have  been  compelled  to  give  them  first. 

Everybody  knows  what  takes  place  when  we  heat,  during  a  sufficient  length  of  time,  a  Teasel 
containing  water  in  free  communication  with  the  atmosphere.  At  first,  a  vapour  ia  seen  to  rise 
that  seems  to  emanate  from  the  surface  of  the  liquid,  getting  more  and  more  intense  as  the  water 
becomes  warmer.  Then  a  tremor  of  the  surface  is  produced,  accompanied  by  a  peculiar  noise 
which  has  been  called  the  singing  of  the  liquid;  and  finally  bubbles,  similar  to  air-bubbles,  form 
in  that  part  of  the  vessel  that  is  nearest  to  the  fire,  then  rise  to  the  surface,  where  they  burst, 
giving  forth  fresh  vapour.  Those  bubbles  are  nothing  eke  than  certain  molecules  of  tho  Urau 
being  transformed  into  steam,' and  which,  meeting  with  an  equal  pressure  on  all  sides,  from  thu 
water  itself  and  from  the  atmosphere,  offers  an  equal  resistance  in  return,  and  so  ausuiau  th« 
spherical  form  in  which  they  are  seen  to  ascend. 

Now,  an  immediate  consequence  may  be  drawn  from  the  simple  observation  of  this  fact,  which 
is,  that  the  pressure  of  the  steam,  in  order  that  it  may  form  these  bubbles,  must  be  greater  than 
that  of  the  liquid  mass  and  of  the  atmosphere  acting  upon  its  surface.  Consequently,  if  that 
pressure,  which  we  will  designate  as  that  of  ebullition,  corresponds  to  an  ascertained  £xud 
temperature,  it  is  evident  that — the  atmospheric  pressure  remaining  unchanged— the  liquid  mmt 
always  reach  that  temperature  before  the  ebullition  can  manifest  itself. 

That,  in  fact,  is  rigidly  what  takes  place.  Every  time  that  water  boils  in  the  open  air.  its 
temperature  is  always  the  same  with  a  uniform  barometrical  pressure.  If  it  has  been  found  that 
water  at  100  degrees  centigrade  generates  steam  under  the  atmospheric  pressure,  it  is  simply 
because  we  have  chosen  to  mark  the  hundredth  degree  of  the  centigrade  thermometer  under  a 
barometrical  pressure  of  76  centimetres  of  mercury. 

The  ebullition  of  a  liquid  can,  therefore,  only  take  place  so  long  as  the  steam  it  is  capable  of 
emitting  balances  the  united  pressures  of  the  ambient  medium  wherein  it  is  situated,  and  of  it* 
own  mass  or  load  above  the  surface  heated. 

This  definition  of  the  phenomenon  suffices  to  show  that  the  degree  of  temperature  at  which 
the  ebullition  of  a  liquid  may  be  produced  is  variable,  and  changes  according  to  the  pressure 
of  the  medium,  since  vaporization  takes  place  at  any  degree.  If  a  perfect  vacuum  could  bo 
established,  and  water  at  the  freezing-point  placed  in  it,  it  would  immediately  begin  to  boil ;  but, 
in  practice,  it  is  never  perfect,  so  that  ebullition  only  takes  place  at  a  few  degrees  above  MIO. 
On  the  summit  of  Mont  Blanc,  where  the  atmospheric  pressure  ia  reduced  from  7GO  millimetres 
to  about  417,  measuring  by  the  barometer  from  the  level  of  the  sea,  water  would  begin  t<>  l«  il 
at  the  temperature  of  84  degrees,  at  which,  as  we  have  shown  in  one  of  the  foregoing  Table*, 
page  415,  the  elastic  force  of  steam  is  equal  to  414  millimetres,  or  a  littlo  more  than  half  the 
pressure  of  an  atmosphere. 

Finally,  the  greater  the  pressure  to  which  water  ia  subjected,  the  greater  is  its  heat  when 
boiling,  and  vice  versa;  that  is  why  the  temperature  of  boiling  water  in  higher  in  n  vnlli-y  than  on 
a  mountain.  Let  us  add,  by  way  of  corollary,  that,  the  conditions  being  similar,  the  expansive 
force  of  the  steam  of  all  liquids  is  equal  at  the  moment  of  ebullition.  This  ia  an  axiom,  since  the 
very  fact  of  the  ebullition  sufficiently  testifies  that  the  elastic  force  of  tho  steam  has  become  equal 
to  that  of  the  medium  in  which  it  has  formed. 

Fixity  of  the  Temperature  at  Boiling-point.— At  whatsoever  temperature  ebullition  mat  be  pro. 
duced,  so  long  as  it  continues  that  temperature  remains  unchanged ;  in  other  words,  tho  liquid 
ceases  to  become  heated  the  instant  it  begins  to  boil,  always  prorlcUd  tlmt  the  prexMire  of  tho 
medium  undergoes  no  alteration.  This  fact  is  easily  explained  if  we  rolled  that,  as  the  li<|iii<l 
has  acquired  a  temperature  at  which  it  can  no  longer  subsist  without  oliange  of  state,  all  frr»h 
quantities  of  caloric  supplied  are  absorbed  by  the  formation  of  steam.  Therefore,  under  the 
ordinary  conditions  in  which  we  boil  water,  it  acquires,  when  pure,  n  temperature  of  100  degrees, 
and  retains  it  without  variation.  In  reality,  it  would  only  reach  that  temperature  o*  a  1*\ 
the  sea ;  but  in  most  European  towns,  which  are  necessarily  higher,  it  does  not  exceed  99 '8  degree*. 
This  difference  is  unimportant  with  regard  to  the  point  under  consideration. 

In  order  to  increase  the  temperature,  it  would  be  necessary  to  create  an  artificial  atmosphere 
of  proportionally  greater  pressure  than  the  ambient  one,  which  is  precisely  what  is  obtained,  la 
the  case  of  steam-engines,  by  hermetically  closing  the  vessel  that  contains  tho  liquid.  The  steam 
that  is  disengaged  then  becomes  compressed,  and  prevents  the  generation  of  further  quantities 
except  under  a  higher  temperature.  That  is  what  took  place  in  the  experiments  made  by 
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M  M.  Arago  and  Dulong  to  which  we  have  previously  alluded.  We  may  add  thnt,  if  the  vessel  in 
which  the  water  is  vaporized  remains  closed,  without  any  expenditure  of  steam,  the  ebullition 
cannot  even  be  effected,  as  the  pressure,  increasing  every  moment,  prevents  the  formation  of  the 
bubbles. 

Pupin's  Saucepan. — To  obtain  an  experimental  demonstration  of  this  phenomenon,  the  apparatus 
known  by  the  name  of  Papin's  Saucepan,  after  its  inventor,  may  be  used.  That  apparatus  consists 
simply  of  a  vessel  A,  Fig.  853,  made  of  metal,  and  having  very 
great  power  of  resistance.  It  is  perfectly  closed,  with  the  excep- 
tion of  a  small  hole  in  the  lid,  fitted  with  a  valve  which  a  lever  B, 
disposed  like  a  Roman  balance,  keeps  securely  in  its  place.  This 
arrangement  is  well  known,  being  none  other  than  that  of  the 
actual  safety-valve,  which  is  composed  of  the  lever  whose  pres- 
sure is  exerted  upon  the  valve  '<,  situated  between  its  articulated 
attachment  and  the  weight  C  at  its  other  extremity.  The  valve, 
therefore,  can  only  rise  out  of  its  place  by  overcoming  the  resist- 
ance opposed  by  the  lever  in  virtue  of  its  load  and  the  ratio  of 
the  two  arms. 

The  lid  of  the  vessel  A  is  also  very  firmly  secured  by  means 
of  a  fastening  D,  bent  in  the  form  of  an  arc,  and  supplied  with 
a  pressure-screw,  by  the  aid  of  which  the  lid  is  made  to  press 
hermetically  upon  the  edge  of  the  vase,  care  having  been  taken 
to  insert  between  the  two  a  round  of  soft  metal  for  that  purpose. 

The  apparatus  being  thus  constructed  so  as  to  resist  a  strong 
internal  pressure,  it  is  filled  to  about  one-third  of  its  capacity    -^  y> 
with  water,  and  placed  over  a  fire  after  being  carefully  closed.  __y 
Gradually  the  temperature  of  the  water  begins  to  increase ;  but, ^/7~ 
as  the  steam  that  forms  is  unable  to  escape,  except  upon  the  con- 
dition that  its  pressure  is  capable  of  opening  the  valve,  it  becomes  compressed,  and  soon  the  ebul- 
lition is  unable  to  proceed. 

If,  (at  the  moment  when  the  internal  pressure  appears  to  reach  that  point  where  it  is  likely  to 
raise  the  valve,  the  latter  be  opened,  or  a  cock  attached  to  the  lid  be  suddenly  turned  on,  the 
ebullition  immediately  manifests  itself,  and  the  steam  escapes  with  impetuosity  in  the  form  of  a 
jet  which  may  reach  a  height  of  eight  or  ten  metres,  according  to  the  amount  of  pressure  within 
the  vessel.  The  liquid  cools  to  100  degrees,  and  soon  the  whole  of  it  goes  off  in  steam,  provided 
that  the  action  of  the  fire  be  continued  sufficiently  long,  and  that  the  valve  or  cock  be  left  open. 

The  pressures  to  which  the  steam  may  reach  under  this  condition  are  very  considerable,  and 
depend,  moreover,  upon  the  weight  wherewith  the  valve  is  loaded. 

Without  enlarging  upon  the  details  that  will  be  given  later  touching  this  important  apparatus, 
we  may  at  once  make  a  few  remarks  as  to  the  con- 
ditions that  have  to  be  fulfilled  in  order  that  it  may  854. 
meet  a  given  pressure. 

Fig.  854  shows  the  arrangement  of  the  safety- 
valve,  where  we  will  call  B  the  distance  from  the 
centre  of  articulation  to  the  centre  of  the  weight,  or 
the  long  arm  of  the  lever ;  6,  the  distance  from  the 
same  point  to  the  centre  of  the  valve,  or  the  short 
arm  of  the  lever ;  d,  the  diameter  of  the  orifice  closed 
by  the  valve ;  />,  the  intensity  of  the  weight  sus- 
pended from  the  lever ;  P,  the  total  upward  pressure 
exerted  by  the  steam  upon  the  valve  over  a  circular 
surface  whose  diameter  is  d. 

We  first  of  all  find,  by  the  arrangement  of  the  lever,  and  in  accordance  with  its  general  pro- 
perties, that  the  downward  pressure  P'  which  it  exerts  upon  the  valve  is  equal  to  P'  =  p  x  *^-  , 

supposing,  for  the  moment,  the  lever  itself  to  be  without  weight. 

In  order  that  the  valve  may  be  kept  in  its  place  until  the  given  pressure  has  been  attained,  it 
is  necessary  that  the  efforts  P'  and  P  be  equal.  But  the  effort  P  is  always  easily  known,  for  it 
results  from  the  said  pressure  and  the  diameter  of  the  orifice  d,  whose  area  may  be  calculated. 

Consequently,  the  operation  resolves  itself  into  finding  the  effort  P,  by  means  of  the  conditions 
laid  down,  and  substituting  it  for  P'  in  the  preceding  equation,  which  will  enable  us  to  calculate 
one  of  the  three  dimensions  p,  B,  or  6,  the  two  others  being  fixed  a  priori. 

Example. — Be  it  required  to  find  the  conditions  of  a  valve  having  to  bear  a  pressure  of 
20  atmospheres. 

Let  us  suppose  the  diameter  d  of  the  orifice  to  be  equal  to  1  centimetre. 
„          „  long  arm  B  of  the  lever  „  30         „ 

„          „          short  arm  d  of  the  lever  „  2         „ 

what  will  be-  the  intensity  of  the  weight  ? 

A  pressure  of  20  atmospheres  represents  an  effort  equal  to  lk<0333  x  20  =  20k>666  for  every 
centimetre  square;  consequently,  the  diameter  of  the  valve  being  1  centimetre,  the  pressure 
exerted  upon  it  will  be  equal  to  the  product  of  the  corresponding  section,  in  square  centimetres,  by 
the  above  pressure,  from  which  pressure  we  must  deduct  that  necessarily  exerted  downwards  by 
the  external  atmosphere,  and  which  is  equal  to  1. 

We  therefore  have  for  the  effective  effort  P, 

P  =  (20  —  1)  1  -0333  x  0-7854  x  I-  =  15-42  kilogrammes. 
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From  this  it  results  that  adapting  the  preceding  relation  with  p  for  the  unknown  quantity,  w« 
shall  have  for  its  value,  p  =  P'  or  P  —  =  15k'42  x  — -  =  1-028  kilogramme. 

15  oO 

In  conclusion,  it  will  be  observed  that  the  displacement  of  the  weight  upon  the  lever  would  be 
sufficient  to  alter  the  conditions  of  the  problem,  and  consequently  the  result,  ehico  the  arm*  of  the 
lever  would  no  longer  bear  the  same  ratio  to  one  another. 

The  valve,  then,  is  the  only  cause  that  limits  the  pressure  which  the  steam  may  acquire  in  the 
experiment  of  Papin's  saucepan ;  apart,  of  course,  from  the  capability  of  resistance Tof  the  TMSD! 
itself.  By  this  method  pressures  of  40  and  even  50  atmospheres  have  been  obtained,  that  i*  to 
say,  steam  exerting  the  enormous  effort  of  50  kilogrammes  on  the  square  centimetre,  or  500  000 
kilogrammes  on  the  square  metre. 

Influence  of  Substances  in  Dissolution  upon  the  Temperature  of  the  Boiling-point. — Among  the  soveral 
causes  that  intervene  sometimes  to  modify  by  a  few  degrees  the  ebullition  of  water,  the  prutburc  of 
the  medium  remaining  the  same,  we  may  cite  salts  and  other  substances  in  dilution,  \\lu.-li 
retard  the  boiling-point  to  a  certain  extent^,  according  to  the  degree  of  saturation.  Tim*,  wut.-r 
saturated  with  sea-salt  is  hotter  at  the  moment  of  ebullition  than  when  it  is  iiure,  or  even  when  it 
contains  merely  bodies  in  suspension  that  are  not  chemically  combined  with  it 

Considered  from  the  purely  practical  point  of  view  that  occupies  us  at  present,  thin  phenomenon 
has,  however,  no  very  great  importance ;  since,  supposing  the  saturation  to  be  complete,  which  u 
rarely  the  case  with  water  used  for  steam-engines,  the  temperature  of  the  boiling-ixiiut  i*  increased 
only  by  9  degrees.  Marine  engines,  and  certain  permanent  engines  situated  near  the  sea,  are  fed, 
however,  from  its  waters,  which  contain  salt  in  large  proportions.  But,  in  this  case,  the  j>r 
objection  is  not  the  alteration  of  temperature,  but  the  danger  of  explosion  from  the  deposit*  that 
would  form  were  the  generator  not  kept  constantly  clean. 

Method  of  Vaporizing  a  Liquid  that  contains" Foreign  Matter. — When  a  liquid  containing  foreign 
matter,  in  a  state  of  mixture,  but  without  chemical  combination,  is  subjected  to  heat,  the  \nj«in- 
zation  takes  place  in  succession  for  each  of  the  substances  forming  the  mixture,  and  in  the  order 
of  temperature  that  corresponds  with  its  respective  boiling-point. 

If,  for  instance,  we  expose  water  containing  substances  more  volatile  than  itself  to  the  action  of 
heat,  those  substances  will  be  liberated  first,  while  the  mass  of  the  liquid  remains  at  the  ti  mj»- 
rature  that  suits  their  ebullition  ;  then,  when  they  have  disappeared,  the  temperature  of  the  water 
will  begin  to  rise  till  it  reaches  the  boiling-point. 

In  the  opposite  case,  where  the  substances  are  less  volatile  than  water,  the  latter  vaporizes  fiftt, 
at  the  temperature  suited  to  its  ebullition,  under  reserve  of  the  slight  modification  that  luay  result 
from  the  mixture  or  the  dissolution,  as  above  mentioned. 

This  fact  will  be  very  easily  understood  by  observing  that  so  soon  as  the  liquid  man  baa 
acquired  the  temperature  necessary  for  the  ebullition  of  the  most  volatile  of  the  liquid*  compOMing 
the  mixture,  in  order  that  the  latter  may  be  vaporized,  it  absorbs  all  the  fresh  quantities  of  heat 
supplied,  and  which  are  thus  prevented  co-operating  in  elevating  the  temperature  of  the  entire 
mass. 

Therefore  is  it  that  vaporized  water  is  considered  pure,  whatever  may  have  been  the  foreign 
matter  held  in  solution,  since  this  last  either  has  or  will  disappear,  but  never  at  the  name  time  a* 
the  water. 

Such  are  at  least  the  practical  conditions  we  have  to  take  into  consideration  regarding  the 
subject  that  occupies  our  present  attention.  Steam-engines  present  constant  example*  of  the  prin- 
ciple whereby  water  is  isolated,  by  vaporization,  from  the  substances  mixed  with  it  or  held  in 
solution.  Everybody,  indeed,  is  aware  of  the  fact  of  the  incrustation  of  (steam-boiler*  by  the  *edi- 
mentary  deposits  resulting  from  the  continued  abandonment  by  the  water,  a*  it  vaporiica,  of  the 
various  calcareous  and  saline  substances  which  it  contains  in  different  pro|x.rtii>nu.  The  feeding 
of  boilers  with  sea-water  gives  rise  to  considerable  deposits  of  sea-salt,  separated  from  the  waU-r  at 
the  moment  of  vaporization.  This  is  what  gives  rise  to  those  repeated  cleansing*  so  iudi*pen*abU 
for  the  avoidance  of  accidents. 

Condensation  of  Steam.— What  is  called  the  condensation  of  steam  is  its  return  to  the  li.|»ii. 
state.   We  have  already  seen  that  a  slight  compression  beyond  it*  maximum  of  du.-ti.-  : 
cient  to  restore  it  to  that  state,  either  in  part  or  in  totality,  according  as  the  oanpresaioo  U 
momentary,  or  continued  until  the  volume  of  fluid  is  reduced  t<>  that  which  it  «v 
the  liquid  form ;  of  course,  without  any  addition  of  heat.     But  in  I-UKUM-H.  it  u  not  after  this 
fashion,  which  is  in  reality  the  liquefaction  of  steam,  that  its  destruction  i«  <  il.-oted. 

Condensation  consists  in  coolinj  the  steam  by  means  of  a  certain  quantity  of  cold  wator 
takes  up  the  heat  that  maintained  it  in  the  condition  of  an  elastic  fluid.  jWdiog  »• 
amount  of  warm  water,  the  steam  from  which  has  an  elastic  force  very  considerably  U 
that  which  has  been  destroyed,  and  may  be  rendered  as  feeble  a*  can  be  desired,  according  U 
the  volume  and  temperature  of  the  cold  water  added. 

This  property  of  condensation  is  of  the  highest  importance,  since  it  enables  us  to  get  rid,  all 
instantaneously,  of  the  potent  fluid  that  has  just  produced  an  H),,-t,  but  WMM  afterward/ 
tralize  it  if  allowed  to  retain  its  expansive  properties.  The  onlv  tiling  iictilml  t. .  r.-n.ier . 
air  and  other  gases  motive  agents  susceptible  of  replacing  steam  with  advantage,  is 
of  easy  condensation,  since  they  exist  naturally  in  the  state  of  elastic  fluid,  umler  the  < 

6mff  wm  'be  shown  shortly  how  powerful  engines  have  been  contracted,  with  the  atroo.Phori. 
pressure  for  motive  agent,  and  using  steam  as  an  auxiliary  ,«.w,-r.  but  .me  poM«J 
property  of  being  destroyed,  leaving  a  vacuum  wherein  the  surrounding  a 
irresistible  force. 

Absorption.— We  will  conclude  this  outline  of  the  phenomenon  of  condflOMl 
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experiment  known  to  physicists  tinder  the  name  of  absorption,  designed,  in  the  first  place,  to 
demonstrate  the  faculty  we  possess  of  creating  a  vacuum  by  means  of  the  condensation  of  steam ; 
and,  in  the  next,  to  caution  us  against  the  accidents  that  may  result  from  that  selfsame  property. 

In  chemical  experiments,  and  in  many  industrial  operations,  an  apparatus  is  used  analogous  in 
arrangement  to  that  represented  in  Fig.  855.  This  arrangement  consists  of  a  closed  receiver  A, 
placed  over  a  furnace  B,  and  containing  a  liquid 
that  lias  to  boil;  then  a  pipe  D  that  starts  from 
the  receiver  and,  descending,  plunges  into  a 
vessel  C,  containing  some  cold  liquid,  euch  as 
water,  through  which  the  steam  disengaged  from 
the  receiver  A  has  to  pass.  • 

As  soon  as  ever  the  ebullition  commences,  tho 
steam  that  is  generated  expels,  by  degrees,  tho 
air  contained  in  the  apparatus,  and  forces  it  to 
i  -.-ape  by  the  pipe  D,  driving  the  liquid  before 
it.  whose  level  is  necessarily  the  same  in  the  tube 
and  in  the  ve&el;  and  finally  passes  through  tho 
tube  itself,  rising,  in  the  form  of  bubbles,  through 
the  water  contained  in  the  open  vessel.  The  air 
being  completely  expelled,  the  apparatus  is  now 
filled  with  steam  only.  Things  being  in  this  state, 
if  we  extinguish  the  fire  and  continue  to  keep 
a  free  communication  between  the  two  vo.--rN 
through  the  pipe  D,  the  steam  will  gradually 
cool,  losing  a  portion  of  its  elastic  force.  But,  as 
that  elastic  force  was  the  only  thing  that  balanced  the  atmospheric  pressure  plna  that  of  the  he-id  it 
of  the  water  in  the  vessel  C,  the  excess  of  that  external  pressure  begins  to  manifest  itself  by  the 
rising  of  the  water  in  the  pipe  D.  As  the  cooling  goes  on,  the  pressure  of  the  steam  continues  to 
diminish  and  the  water  to  ascend  in  the  tube  till  it  reaches  the  top  and  finally  penetrates  the  body 
of  steam  still  remaining  in  the  boiler  A.  At  this  juncture  the  whole  of  the  steam  is  soon  com- 
pletely destroyed  and  a  vacuum  is  created,  that  is  to  say,  an  absence  of  all  expansible  fluid.  We 
then  see  the  water  continue  rising,  but  this  time  with  impetuosity,  until  the  entire  apparatus  is 
filled,  if  the  water  in  the  vessel  C  be  sufficient  for  the  purpose. 

This  effect,  so  simple  to  understand,  is  produced  every  time  that  a  capacity  containing  steam 
is  placed  in  communication  with  a  reservoir  of  liquid  with  a  sufficient  pressure,  and  that  the  steam 
is  destroyed  by  condensation — on  condition,  however,  that  the  pressure  of  the  column  of  water  in 
the  tube,  if  full,  exceed  not  that  supported  by  the  liquid  in  the  open  vessel.  In  the  foregoing 
experiment  it  is  certain  that  if  the  distance  between  the  level  of  the  water  in  the  vase  C  and  the 
horizontal  portion  of  the  pipe  D  had  exceeded,  vertically,  ten  metres,  the  water  in  the  reservoir 
could  never  have  entered  the  boiler,  and  the  vacuum  would  have  remained. 

Therefore,  if  absorption  is  a  thing  to  be  feared,  a  vacuum  is  not  less  so,  since  the  atmospheric 
pressure,  that  has  the  power  of  raising  the  water  from  the  lower  to  the  upper  reservoir,  may  like- 
wise burst  in  the  latter,  if  it  be  exhausted  and  have  not  sufficient  strength  of  resistance.  When- 
ever there  is  danger  of  such  an  accident  occurring,  it  is  remedied  by  means  of  a  small  valve, 
opening  inwards,  which  allows  the  air  to  re-enter  the  apparatus.  To  prevent  absorption,  a  cock  E 
may  be  employed,  which  should  be  closed  before  the  condensation  of  the  steam. 

We  see,  then,  that  the  condensation  of  steam  is  the  means  of  creating  a  vacuum  and  raising 
almost  any  volume  of  liquid  to  a  height  corresponding  to  the  atmospheric  pressure,  and  which 
varies  according  to  the  density  of  the  liquid  used.  Effectually,  what  we  have  been  signalizing  as 
accidents,  constitute,  in  many  cases,  most  valuable  resources  in  their  practical  application. 

Calorific  Action  in  the  Formation  of  Steam. — Caloric,  or  heat,  is  the  chief  agent,  or,  to  express 
ourselves  more  appropriately,  the  sole  apparent  cause  of  the  phenomena  of  dilatation  and  the 
change  of  state  that  bodies  undergo ;  for,  by  penetrating  the  mass  of  constitutive  molecules,  it 
compels  them  to  separate,  and  widens  the  interstices  that  seem  naturally  to  exist  between  them. 
This  external  fact  might  be  define^  by  saying  that  heat  repulses  the  molecules  of  a  body  from  each 
other  in  order  to  make  room  for  itself,  and  establish  an  equilibrium  between  its  own  intensity  and 
that  of  the  medium  or  space  occupied  by  the  mass  of  the  body ;  and  that  the  result  of  this  inter- 
vention is  an  effort  of  repulsion  equal  and  opposed  to  the  cohesive  force  of  the  molecules  them- 
selves. 

We  conclude,  from  this  definition  as  well  as  from  the  observed  fact,  that  the  greater  the  amount 
of  heat  so  much  greater  is  the  effect  of  repulsion.  Finally,  this  distension  of  the  molecules  by  an 
excessive  quantity  of  heat,  after  producing  simple  expansion  or  augmentation  of  volume,  results  in 
a  change  of  state  ;  that  is  to  say,  that  from  solid  a  body  becomes  liquid,  and  from  liquid  it  passes 
into  the  gaseous  state  or  steam. 

It  must  not,  however,  be  supposed,  because  this  second  change,  as  regards  liquids,  takes  place 
in  vacuum  without  any  apparent  intervention  of  heat,  that  that  intervention  is  wanting.  It  would 
be  an  error.  The  action  of  caloric  is  quite  as  real  as  in  any  other  mode  of  forming  steam ;  and,  as 
we  have  already  remarked,  the  only  result  of  a  vacuum  is  to  give  rise  instantaneously  to  what 
"-  would  have  taken  place  but  slowly  in  the  open  air.  The  atmospheric  pressure  is  simply  an  effort 
to  be  overcome  by  larger  quantities  of  heat  in  order  to  create  steam  beneath  its  influence.  As  to 
the  heat  necessary  to  produce  the  phenomenon  in  a  barometer,  it  is  taken  from  the  liquid  mass  and 
from  the  instrument  itself,  instead  of  being  supplied  by  fire. 

There  is,  therefore,  no  exception  as  regards  the  formation  of  steam.  Whatever  method  we 
make  use  of  in  order  to  produce  it,  caloric  always  intervenes,  and  with  the  same  intensity,  when 
the  tensions  are  the  same. 
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We  only  repeat  here  what  has  already  been  fully  demonstrated  in  the  preceding  aeenni  i  \r. 
now  pass  on  to  the 

Mechanical  Power  of  Steam.— The  reason  why  steam  is  used,  in  preference  to  permanent  ease 
to  produce  motive  labour,  is  because  of  the  .facilities  we  have  of  quickly  de«tr..\in 
or,  in  general,  of  giving  it  a  tension  superior  to  that  of  the  medium  in  which  the"  motor  wort 
which  it  is  applied.    For,  the  action  of  expansion  being  the  same  in  all  cases,  such  CT 
employed  as  motive  force  just  as  well  as  steam  were  it  equally  possible  to  increase™  le 
pressure  without  expenditure  of  mechanical  force 

It  is  true  that  engines  have  been  constructed  worked  by  atmospheric  air  heated  •  such  a  nm. 
cess  is  quite  practicable  ;  but,  besides  the  question  of  economy,  it  is  much  more  difficult  t'..  dan 
air  of  its  heat  after  doing  its  work  than  it  is  to  destroy  steam  by  condensation     80  that.  ui>  u.  I 
present,  the  latter  remains  master  of  the  field.    Wo  shall  now  endeavour,  therefore,  to  txi.li 
mechanical  properties  of  steam,  as  applied  to  motion,  observing,  at  the  same  time   that  the  ideu 
tical  reasoning  holds  good  in  the  case  of  any  permanent  gas. 

Work  Done  with  Full  Pressure. — It  has  been  seen  that,  when  steam  is  let  off  from  a  receiver  or 
reservoir  of  any  kind,  it  escapes  with  an  energy  the  intensity  of  which  depends  upon  iu  own 
tension  and  that  of  the  medium  in  which  the  flow  takes  place.    The  escape  is,  indi-eXtho  con* 
quence  of  the  pressure  exerted  by  the  steam  upon  all  points  of  the  receiver  containing  it 
particularly  upon  the  parts  surrounding  the  orifice. 

In  order  to  transform  this  property  into  motive  labour,  let  us  suppose  the  following  experiment  • 

A  vessel,  A',  Fig.  856,  full  of  steam  that  can  be  continuously  renewed  with  a  t«  iihiou  irrt-aU  r 
than  that  of  the  ambient  medium,  is  furnished  with  a  vertical  tube  B  of  indefinite  length.    The 
latter  contains  a  column  of  mercury  resting  upon  a  small  piston  a,  while  a  stop-cock 
C  enables  the  communication  between  it  and  the  reservoir  to  be  cut  off. 

When  the  stop-cock  is  closed,  the  column  of  mercury  and  its  piston  or  diaphragm 
are  at  the  lower  end  of  the  tube,  and  rest  upon  the  cock ;  but,  if  we  come  to  open 
this  last,  the  pressure  of  the  steam  will  exert  itself  beneath  the  mercury  and  en- 
deavour to  raise  it  in  order  to  make  its  escape.  The  result  of  this  action  will  be 
different,  however,  according  to  the  reciprocal  situation  of  the  elements. 

In  the  first  place,  if  the  column  of  mercury,  together  with  the  external  pressure 
which  it  has  to  bear,  be  equal  or  superior  to  the  pressure  exerted  by  the  steam  at 
its  base,  the  column  of  mercury  will  remain  stationary,  and  there  will  be  no  escape 
of  steam ;  the  mercurial  column  fully  representing  the  resistance  opposed  to  the 
expansion  of  the  steam  by  the  sides  of  the  vessel.  » 

But  if  the  pressure  of  the  steam  be  the  greater  of  the  two,  the  column  of  mer- 
cury will  rise  in  the  tube  with  an  acceleration  uniformly  increasing  till  it  becomes 
equal  to  that  of  the  steam,  beyond  which  it  evidently  cannot  go. 

Consequently,  by  choosing  this  point  of  uniform  velocity,  we  have  not  only  the 
representation,  but  the  actual  measurement  of  a  certain  mechanical  work  per- 
formed, for  we  have  a  weight — that  of  the  column  of  mercury — raised  and  moving 
with  a  fixed  velocity  in  a  unity  of  time.  Thus  the  simple  pressure  of  the  steam 
is  transformed  into  a  real  dynamical  effect.  Now  it  is  not  at  all  necessary  to  sup- 
pose that  the  steam  has  acquired  the  full  velocity  due  to  its  tension,  for  it  may 
raise  the  weight  with  a  uniform  velocity  as  slow  as  can  possibly  be  imagined.  To 
conceive  this,  let  us  examine  what  would  occur  in  the  case  under  consideration. 

In  the  first  place,  the  column  of  mercury,  being  inferior  in  weight  to  the  pres- 
sure of  the  steam,  will  rise  with  an  increasing  acceleration,  whose  more  or  lest 
rapid  progression  will  depend  upon  the  greater  or  less  excess  of  the  power  brer 
the  resistance. 

But,  if  we  re-establish  the  equilibrium  at  any  given  point  of  that  progression  by  the  addition 
of  a  small  quantity  of  mercury,  the  acceleration  will  cease,  and  the  velocity  ( will  preserve  the 
uniform  value  it  had  at  the  moment  of  that  re-establishment. 

From  this  observation  we  may  say,  as  in  the  case  of  hydraulic  motors,  that 

In  an  engine,  whose  motion  is  uniform,  the  moving  forces  and  tha  rcsutancet  art  in  JMr/«ct 
equilibrium. 

The  same  experiment  shows,  likewise,  the  excess  of  force  expended  to  overcome  the  inertia  of 
a  body,  and  make  it  acquire  a  uniform  velocity  in  a  given  time. 

To  sum  up  the  foregoing  definition,  the  work  done  by  steam  is  also  measured  by  a  woi. 
kilogrammes,  moving  in  a  straight  line  at  the  rate  of  a  certain  uniform  velocity,  expressed  in 
metres,  in  a  second  of  time. 

The  above  experiment  furnishes  us,  then,  with  the  exact  terms  of  the  problem,  wherein  th*» 
weight  of  mercury  raised,  plus  the  ambient  pressure  it  supports,  represents  the  resistance  over* 
come,  and  which  must  be  equal  to  the  pressure  of  the  steam  at  the  base  of  the  column  at  the 
moment  that  uniform  velocity  takes  place. 

Therefore,  if  that  column  weighs,  atmospheric  pressure  included.  2  kilogrammes,  for  instance, 
with  an  area  at  the  base  equal  to  1  centimetre,  the  tension  of  the  steam  will  have  to  acquire  a 
similar  value  for  every  square  centimetre,  or,  at  an  approximation,  a  pressure  of  about  2 
atmospheres. 

If  the  velocity,  remaining  uniform,  were  equal  to  1  metre  in  every  second  of  tinv,  the  labour 
expended  would  be  2  kilogrammetres.  The  useful  work  would  be  half  that  quantity,  because  we 
suppose  the  atmospheric  pressure  to  form  half  the  resistance. 

Not  only  is  the  work  done  by  the  effort  exerted  bv  steam  assimilative  to  the  simple  dUpl»«»- 
ment  of  a  weight,  but  the  quantities  of  steam  to  be  expended  may  also  bo  measured  by  tl 
amount  of  work  of  which  they  are  capable.     In  the  preceding  CXJN Time  i.t  it  u  clear  that  1 
every  metre  which  the  resistance  has  been  made  to  travel,  a  fresh  volume  of  steam,  measured  by 
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the  section  of  the  tube  and  that  distance,  has  had  to  be  supplied  by  the  reservoir.  Consequently, 
the  volumes  of  steam  expended  are  exactly  proportional  to  the  work  done,  which  itself  is  expressed 
by  the  distance  and  the  intensity  of  the  weight  raised,  while  this  latter,  again,  is  represented  by 
the  inferior  section  of  the  tube  and  the  pressure  of  the  steam  thereon.  But,  on  the  other  hand, 
as  the  pressure  depends  upon  the  tension  of  the  steam  and  the  area  of  the  section,  we  conclude  Hint 
the  volume  of  steam  expended  to  do  a  given  work  is  inversely  proportional  to  the  figure  of  its 
unity  of  effective  tension. 

Finally,  1  kilogrammetre  being  the  product  of  1  kilogramme  by  1  metre,  corresponds  to  an 
expenditure  of  steam,  with  an  effective  tension  of  1  atmosphere,  equal  to  a  column  1  metro  in 
height  by  1  centimetre  square  at  the  base,  barring  a  fraction:  or  O'l  litre.  If  the  effective 
tension  were  double,  the  volume  would  be  one-half  less,  and  so  on. 

Consequently,  the  expression  for  calculating  the  dynamical  unity  of  volume  of  steam  may  be 
written  thus :  Q-1A  k 

lk'0333P  ~  10k-0333P' 
wherein  V  represents,  in  litres,  the  volume  of  steam  expended  ; 

k        „  the  quantity  of  work,  expressed  in  kilogrammetres ; 

P       „  the  effective  pressure  of  the  steam,  that  is  to  say,  its  excess  over  that  of  the 

medium  opposed  as  resistance,  knowing  that  1  atmosphere  corresponds  to  an  exact  pressure  of 
1*0333  kilogramme  on  the  square  centimetre. 

Example. — What  volume  of  steam  would  have  to  be  expended  in  one  second  in  order  to 
produce  1000  kilogrammetres  of  work,  its  effective  pressure  being  equal  to  3  atmospheres  ? 
Solution.— We  find 

v_  1000  -qo-9«iO  lib-PS 

~  10"-333  x  3  ~ 

It  is  evidently  the  same  with  this  value  as  with  that  which  corresponded  to  the  quantity  of 
steam  generated  for  every  kilogramme  of  fuel ;  it  is  the  theoretical  value,  or  that  which  answers  to 
the  real  useful  effect ;  but  in  practice  it  varies  very  much,  as  we  shall  see  presently,  independently 
even  of  the  method  of  using  steam  with  expansion.  It  serves,  however,  as  a  general  starting- 
point,  which  we  must  not  lose  sight  of. 

To  siow  that  this  result  is  in  conformity  with  the  disposition  of  the  Table  that  will  be  seen 
further  on,  we  will  ascertain  in  a  direct  manner  what  amount  of  work  a  given  volume  of  steam 
with  a  known  pressure  is  able  to  produce. 

By  adopting  the  cubic  metre  for  unity,  it  will  suffice  us  to  suppose  that  the  base  of  the  tube,  in 
the  preceding  experiment,  has  an  area  of  1  square  metre ;  this  will  give  1  cubic  metre  of  steam 
generated  for  every  metre  of  distance  travelled  by  the  resistance.  But,  as  this  latter  is  always  in 
equilibrium  with  the  pressure  of  the  steam,  the  weight  raised  will  be  precisely  equal  to  the  tension 
of  the  steam  multiplied  by  the  base.  We  shall  therefore  have  10333  kilogrammes  for  each  atmo- 
sphere of  pressure,  multiplied  by  1  metre ;  that  is,  10333  kilogrammetres  as  the  theoretical  work, 
developed  by  1  cubic  metre  of  steam  for  every  atmosphere  of  effective  pressure. 

We  must  once  more  observe  that  this  result  supposes,  as  a  matter  of  course,  that  the  initial 
pressure  of  the  steam  remains  unaltered  during  the  whole  of  the  time  that  the  work  is  being 
done ;  which  is  not  the  case  when  it  is  used  with  expansion,  as  we  shall  endeavour  presently  to 
explain. 

Work  Developed  by  Expansion. — From  the  physical  properties  recognized  in  vapours  and  gases 
in  general,  from  the  beginning,  it  may  readily  be  imagined  what  takes  place  when  any  space, 
filled  with  a  definite  volume  of  steam,  is  enlarged.  The  said  steam,  by  virtue  of  its  unlimited 
power  of  expansion,  which  makes  it  tend  constantly  to  augment  its  dimensions,  continues  filling 
the  capacity  it  occupied,  in  spite  of  the  extension  of  the  latter,  and  exerting  against  the  sides  of 
the  vessel  a  pressure  that  diminishes  in  the  inverse  ratio  of  the  successive  volumes  it  is  made  to 
assume. 

This  property,  the  effect  of  which  is  entirely  analogous  to  the  unbending  of  a  spring  that  has 
been  compressed  and  then  suddenly  allowed  to  go,  is  characterized  in  practice  as  the  expansion  of 
steam ;  and  this  designation  is  reserved  for  engines  where  steam  is  used  upon  that  principle. 

To  convey  a  general  idea  of  the  use  of  steam  with  expansion,  we  need  only  revert  to  the 
experiment  last  cited,  and  suppose  that  the  uniform  velocity  having  been  obtained,  the  stop-cock 
C,  Fig.  856,  is  completely  closed,  so  as  to  prevent  the  reservoir  furnishing  any  fresh  quantities  of 
steam.  That  velocity  will  then  be  limited  to  the  volume  confined  in  the  tube  between  the  stop- 
cock and  the  base  of  the  column  of  mercury  raised ;  if  the  resistance  remained  fixed,  the  motion 
would  be  continued  for  a  few  moments  by  virtue  of  the  acquired  velocity,  but  with  a  uniformly 
retarded  movement,  till  it  became  extinct,  when  the  column  of  mercury  would  immediately  fall, 
reducing  the  volume  of  steam  to  that  which  it  occupied  at  the  time  that  the  stop-cock  was  closed. 

But,  if  it  were  possible  gradually  to  diminish  the  weight  of  the  mercurial  column  in  the  same 
ratio  as  the  pressure  of  the  steam,  which  lessens  as  the  space  it  occupies  enlarges,  the  uniform 
ascending  motion  would  be  maintained,  and  the  steam  would  still  yield  work  through  the  agency 
of  its  expansive  power,  weaker  and  weaker,  it  is  true,  but  which — were  it  not  for  the  limit  marked 
by  the  external  resistance  of  the  ambient  medium,  to  which  the  force  of  the  steam  must  be  superior 
in  order  to  produce  an  effect — might  be  indefinite. 

Consequently,  over  and  above  the  work  developed  by  the  free  flow  of  steam  from  the  reservoir, 
and  estimated  in  the  manner  already  indicated,  there  is  yet  a  further  amount  of  labour  capable  of 
being  produced  without  any  extra  expenditure  of  steam ;  it  is,  in  fact,  certain  that,  in  order  to 
draw  the  greatest  possible  profit  from  steam,  it  should  not  be  relinquished  until  its  pressure  has 
become  so  weak  as  to  be  almost  unfit  for  any  useful  work. 

There  now  remains  to  be  calculated  what  are  the  total  quantities  of  work  developed  under  these 
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Apart  from  this  first  result,  which  is  evident  and  palpable,  it  has  been  ascertained  tl..t  tl,. 
temperatures  being  equal,  the  volumes  occupied  are  in  aYtriking  - 


This  important  physical  law  bears  the  name  of  the  Abbot  Mariotte,  a  French  physicist    Boris 
was  the  first  to  enunciate  it.   It  has  since  been  verified  by  the  moat  com,,,t,nt    J, ' 
and  Dxdong,  Faraday,   Pouillet,  Regnault,  and  others.      These  ill  Jriou«  SvauL  fo"d  SS 
Boyle's  law  suffered  some  alight  variations  with  certain  gases  and  under  mS&^SjZ 
the  differences  that  have  been  observed  by  the  aid  of  very  delicate  operation,  are  not   KUS' 
of  a  nature  to  disturb  the  ordinary  practical  results.     We shall  therefore  admit  fhU  law  , 
and  simply,  in  order  to  study  the  effects  of  steam  in  the  phenomenon  of  expansion,  where  it  wS 
itself  as  a  permanent  gas  occupying  successively  different  volumes, 
an  el    JJ"e1gPI)roachm°  ttlis  ""UMi  let  U8  8™  up  the  law  by  its  numerical  representation  and  by 

If  we  designate  by  P,  the  pressure  of  a  gas,  or  the  expression  of  its  elastic  force  for  the  unity 

of  surface  ; 

V,  its  corresponding  volume ; 
rf,  its  density  ; 

and  by  P',  V,  and  d',  the  same  properties  under  other  conditions ; 

"we  say  P  :  P' : :  V  :  V ;  in  other  words,  the  pressures  are  in  the  inverse  ratio  of  the  volumes. 
We  next  find  d  :  d' : :  P  ;  P'  or  d  :  d' t :  V  :  V,  that  is  to  say, 

The  densities  are  directly  proportional  to  the  pressures,  or  inversely  proportional  to  the  volumes 
Example.— If  we  reduce  by  |  the  volume  V  =  1  cubic  metre  of  a  gas,  whose  pressure  P  =  0'80 
metre  of  mercury,  and  whose  density  d  =  0-0012,  what  will  be  the  pressure  and  density  P'  and  <T 
under  the  new  volume  V? 

Solution. — The  above  relations  supply  the  following : 


P'  = 


P  x  V. 
V     : 


and  d'  = 


dx  V 


But,  according  to  the  data,  the  value  of  the  fresh  volume  is 

V'=  lcm  x  -=  =Ocm-8. 
0 

this  value  we  deduce  the  following  ones  for  the  pressure  and  density : 


•  : 


Ocm.8 

This  law  is  so  simple,  that  the  above  indications  will 'certainly  suffice  to  make  its  application 
understood.  Besides,  the  two  foregoing  proportions  supply  the  elements  of  all  the  problems  that 
might  be  proposed.  We  must  only  remind  our  readers  that,  in  order  that  its  application  may  be 
correct,  it  is  necessary  that  the  gas  subjected  to  the  change  of  volume  (-hull  retain  its  primitive 
temperature,  otherwise  effects  of  dilatation  or  contraction  are  produced  that  influence  and  modify 
individually  the  result,  which  is  supposed  to  be  due  solely  to  the  alteration  of  volume. 

Calculation  of  the  Total  Work  done  l>y  the  Expansion  of  Steam.—  Since  the  amount  of  work  done  le 
always  expressed  by  the  product  of  the  pressure  exerted  and  the  distance  travelled  by  the  reabt- 
ance  in  the  unity  of  time,  balancing  that  pressure,  any  quantity  of  work  may  then  be  graphically 
represented  by  a  surface  that  can  also  be  measured  by  the  product  of  two  numbers.  KflWtnnllv. 
let  us  suppose  a  certain  effort,  expressed  in  kilogrammes,  to  be  reprc.seiited  upon  any  given  scale  by 
a  right  line  AB,  Fig.  857,  the  divisions  Upon  which  indicate  precisely  so 
many  kilogrammes ;  and  that  the  distance  travelled  by  the  resistance  in 
the  unity  of  time,  and  under  the  influence  of  that  effort,  be  represented  by 
a  horizontal  line  A  D,  whose  divisions  are  so  many  metres  or  fraction*  of 
metres;  it  is  clear  that,  by  completing  the  rectangle  A  B  C  D,  its  surface 
will  be  the  actual  measurement  of  the  work,  since  it  is  the  product  of  the 
units  in  A  B  by  those  in  A  D. 

For  instance,  let  A  B  men  sure  8  centimetres  and 

grammes,  while  AD,  measuring  10  centimetres,  represents  10  metres  of  dis- 
tance travelled  in  the  unit  of  time,  say  1  second,  the  amount  of  work,  measured  as  usual,  will  be 
8  x  10  =  80  kilogrammetres. 

But  the  surface  of  the  rectangle,  estimated,  in  like  manner,  by  the  product  of  its  aide*,  (fin* 
also  80 ;  so  that  each  small  rectangle  formed  by  the  intersection  of  the  divisional  lines  feuNMOto 
1  kilogrammctre. 

This  fact,  very  easy  of  comprehension,  being  once  proved,  let  n*  nupjose  that  during  the 
journey  the  effort  varies,  though  the  velocity  Ktill  remain*  uniform.  It  will  then  happen  thai  Hi" 
straight  line  A  B,  travelling  from  A  B  to  D  C,  and  which  generated  a  rectangle  by  the  tatty 
of  its  value,  will  no  longer  ]K>S.SC»S  that  fixity,  and  B  C  will  consequently  cease  to  be  a  " 


, 

line  ;  neither  will  the  figure  be  a  rectangle,  but  a  surface  limited  by  rijrht  line*  upon  thiw 
sides,  and  by  a  broken  or  curved  line  upon  the  fourth ;  or  again  by  a  right  line,  but  not  parallel  I 
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the  base,  if  the  variation  in  the  resistance  follows  n  cortnin  regular  law.     Wo  should  thus  obtain 
oue  of  the  three  tracings  indicated  in  the  subjoined  Fig.  858. 

The  total  amount  of  work  developed  for  each  distance  travelled  A  D,  multiplied  by  the  variable 
resistance,  will,  however,  be  none  the  less  accurately  represented  by  the  surface  of  each  figure.  For 
Hieh  surface*  may  be  divided  into  sufficiently  8S8- 

small  parts,  such  as  n6c(/,  in  the  direction  of 
tin-  distance  travelled,  for  them  to  be  consi- 
dered as  ao  many  rectangles  or  portions  of  work 
generated  by  a  particular  effort  which  minims 
fixed  during  the  corresponding  time.  The  sur- 
face, then,  of  every  one  of  those  elementary 
parts  will  represent  the  amount  of  work  an- 
swering to  it  ;  and  as  the  sura  of  those  parts 
is  equivalent  to  the  entire  surface  of  the  figure, 
it  naturally  follows  that  this  lust  represents  the  total  amount  of  work  done. 

By  knowing,  then,  the  law  of  variation  by  which  an  effort  is  governed  during  the  accomplish- 
ment of  a  certain  labour,  it  will  always  be  easy  to  reckon  the  total  quantity  of  work  developed, 
since  the  only  thing  required  is  to  make  a  graphic  representation  tluyvof  and  to  measure  tho 
surface  of  the  figure  thus  obtained,  according  to  units  previously  agreed  upon  as  representatives 
of  the  efforts  and  the  distance  travelled. 

The  amount  of  work  accomplished  by  steam  during  its  expansion  falls  precisely  within  tho 
conditions  we  have  just  examined.  It  is  a  decrescent  effort  exerted  to  overcome  a  resistance  which 
is  supposed  to  diminish  in  the  same  ratio  in  order  that  uniform  velocity  may  be  preserved.  As  to 
its  law  of  decrescence,  it  is  admitted  that  it  follows  that  established  by  Boyle,  as  we  have 
already  stated,  always  supposing  that  the  temperature  of  the  steam  remains  unaltered  during  the 
period  of  expansion. 

Let  us  endeavour,  from  this,  to  bring  together  these  principles  so  as  to  find  the  value  of  the 
work  that  would  be  developed  by  a  determinate  volume  of  steam  producing,  at  first,  an  amount 
of  labour  at  full  pressure  and  which  can  be  measured  as  we  have  previously  shown,  and  then 
expanding  to  a  given  limit. 

By  referring  back  to  the  experiment,  page  424,  which  was  admitted,  we  were  enabled  to 
ascertain  the  effect  produced  by  a  cubic  metre  of  steam  acting  with  its  full  initial  pressure,  and 
we  found  that  the  work  thus  done  was  equal  to  10333  kilogrammetres  for  every  cubic  metre  and 
for  every  atmosphere  of  effective  pressure.  Moreover,  if  the  distance  travelled  be  equal  to  1  metre, 
the  corresponding  pressure  will  be  10333  kilogrammes.  If,  now,  this  work  being  accomplished, 
no  further  steam  be  supplied,  that  already  introduced  and  now  isolated  from  its  source  will  occupy 
gradually-increasing  volumes,  whence  its  pressure  will  successively  diminish  according  to  the 
same  decrescent  progression  as  that  indicated  by  Boyle's  law.  The  base  of  the  receiver  where 
the  expansion  takes  place  remaining  the  same,  and  the  volume  of  steam,  therefore,  only  lengthening, 
the  decrescence  will  apply  itself  directly  to  the  initial  pressure  of  10333  kilogrammes. 

Let  us,  consequently,  make  a  graphic  representation  of  the  work  done  at  full  pressure  in  the 
first  place  by  a  rectangle  A  B  C  D,  Fig.  859,  of  which  A  B  represents  the  initial  pressure  10333, 
and  A  D  the  distance  travelled  during  the  perform- 
ance of  the  work  ;  then,  having  extended  the  base  of 
the  rectangle,  let  us  draw  lines  parallel  to  A  B  from 
each  of  the  points  indicating  the  successive  distances 
run  from  the  moment  that  the  steam  was  cut  off. 
The  value  of  every  one  of  those  vertical  lines  must 
be  that  of  the  pressure  acquired  at  the  end  of  the 
corresponding  distances  ;  and  as  these  are  exactly  pro- 
portional to  the  successive  volumes  of  the  steam,  and 
as  the  pressure  acquired  by  the  latter  at  every  in- 
crease of  volume  is  in  the  inverse  ratio  of  the  propor- 
tion which  the  last  volume  bears  to  the  first,  it  will  be 
easy  to  determine  each  fresh  acquisition  of  pressure.  At  any  rate,  we  get,  from  the  preceding 
proportion,  P  :  P'  :  :  V  :  V,  the  following,  C  D  or  A  B  :  C'  D'  :  :  A  D'  :  A  D. 

In  other  terms,  if,  for  instance,  each  division  of  distance  travelled  or  augmentation  of  volume 
be  J->  °f  the  primitive  one  A  D,  we  shall  have  as  the  successive  values  of  the  ordinates  similar 
toC'D, 

_  _    "  20     20     20     20      20     20     20          , 
C  D  x  —  i  -  -  »  —  >  —  »  —  <  -  —  i  —  ,  and  so  on, 
21      22      23     24      25      26     27 

because  the  consecutive  volumes  will  be 


859. 


20     20     20      20      20     20      20 

By  uniting,  then,  the  extremities  of  all  the  ordinates  thus  determined,  we  obtain  the  complete 
figure  A  B  C  E  F.  whose  surface  will  represent  the  total  amount  of  work  developed  by  the  primitive 
volume  of  steam  expanded,  till  it  reaches  the  augmentation  of  volume  indicated  by  the  extension 
of  the  base  A  F  of  the  figure,  which  may  be  continued  to  any  required  limit. 

If  we  perform  this  operation  with  steam  at  the  unity  of  pressure,  the  expansion  being  the 
same,  the  work  found  by  squaring  the  figure  will  be  proportional  to  any  initial  pressure  which 
the  steam  may  possess,  because,  when  the  expansion  continues  unaltered,  the  base  A  F  is  invariable 
and  the  heights  are  proportional  to  the  pressures.  But,  if  we  take,  as  starting-point,  a  determinate 
volume  of  steam,  it  is  clear  that  the  result  will  likewise  be  in  proportion  thereto,  because  the  base 
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A  F  is  proportional  to  the  primitive  volume,  and  that,  the  heights  being  equal,  the  surface  of  the 
figure  becomes  proportional  to  its  base. 

Finally,  we  ascertain  by  this  process  the  quantities  of  work  that  may  be  developed  by  * 
cubic  metre  of  steam  at  a  pressure  of  1  atmosphere  with  different  decrees  of  expaimiou ;  and  when 
it  is  wanted  to  find  the  work  corresponding  to  another  volume  and  another  pretumn-.  it  is  only 
necessary  to  make  the  product  of  those  different  data  by  the  value  indicated  for  1  cul.i. 
The  results  thus  obtained  are  completely  satisfactory  in  practice.  Only  it  is  indiK|H-n>*M<-  that 
the  apparatus  wherein  the  expansion  takes  place  be  so  disposed  that  any  extfriml  roiling  may 
be  avoided,  otherwise  there  would  ensue  a  condensation  of  the  expanded'  uteam  that  would  render 
the  application  of  Boyle's  law  incorrect. 

Poncelet,  who  was  one  of  the  first  to  make  this  theory  known,  has  also  calculated  a  Table 
giving  the  quadrature  of  the  initial  figure  for  different  expansions,  throughout  a  notable  extent. 

We  here  reproduce  that  Table,  to  which  we  shall  refer  every  time  we  have  to  calculate  the 
conditions  of  an  engine  working  with  expansion. 

TABLE  OF  THE  TOTAL  QUANTITIES  OF  WORK  DEVELOPED  BY  1  CUBIC  METRE  OF  STEAM  CVDCB 
DIFFERENT  EXPANSIONS,  AND  WITH  A  PRESSURE  OF  1  ATMOSPHERE. 


Volume 
after 
Expansion. 

Quantity  of 
Work 
Corresponding. 

Volume 
after 
Expansion. 

Quantity  of 
Work 
Corresponding. 

Volume 
.    after 
Expansion. 

Quantity  of 
Work 
Corresponding. 

Volume 
after 
Kxpiiuton. 

"ToT 

. 

. 

c.  m. 

kgm. 

c.  m. 

kgm. 

c.  m. 

kfrm. 

c.  m. 

kjttn. 

i-oo 

10333 

1-35 

13434 

2-80 

20973 

5-50 

U71H9 

1-01 

10436 

1-40 

13810 

2-90 

21  335 

5-GO 

MM 

1-02 

10538 

1-45 

14173 

3-00 

21686 

5-70 

1-03 

10639 

1-50 

14523 

3-10 

22024 

5-80 

1-04 

10739 

1-55 

14862 

3-20 

22353 

5-90 

1-05 

10837 

1-60 

15190 

3-30 

82671 

6-00 

28848 

1-06 

10935 

1-65 

15508 

3-40 

22079 

6-25 

1-07 

11032 

1-70 

15816  • 

3-50 

23279 

6-50 

21KJ75 

1-08 

11129 

1-75 

16116 

3-60 

23570 

6-75 

1  ' 

1-09 

11224 

1-80 

16407 

3-70 

23853 

7-00 

I'M!  I 

1-10 

11318 

1-85 

16690 

3-80 

24128 

7-25 

m  't 

I'll 

11412 

1-90 

16966 

3-90 

24397 

7-50 

31154 

1-12 

11504 

1-95 

17234 

4-00 

24668 

7-75 

SH'.CI 

1-13 

11596 

2-00 

17496 

4-10 

24914 

8-00 

turn 

I'M 

11687 

2-05 

17751 

4-20 

25163 

8-25 

:,.!:,» 

1-15 

11778 

2-10 

18000 

4-30 

25106 

8-50 

1-16 

11867 

2-15 

18243 

4-40 

25643 

8-75 

1-17 

11956 

2-20 

18481 

4-50 

25875 

9-00 

:  H 

1-18 

12044 

2-25 

18713 

4-60 

26103 

9-25 

BUU 

1-19 

12131 

2-30 

18940 

4-70 

86820 

9-50 

:;....:•: 

1-20 

12217 

2-35 

19162 

4-80 

26641 

9-75 

KW«5 

1-21 

12303 

2-40 

19380 

4-90 

26766 

10-00 

84127 

1-22 

12388 

2-45 

19593 

5-00 

26964 

1500 

18811 

1-23 

12472 

2-50 

19802 

5-10 

27169 

|     20-00 

41188 

1-24 

12556 

2-55 

20006 

5-20 

M  M 

(MM 

1  25 

12639 

2-60 

20207 

5  -HO 

L-T.v.r,           50-00 

50758 

1-30 

13044 

,2-70 

20597 

5-40 

2775'J          100-00 

57WO 

Use  of  the  preceding  Table.—  The  first  column  of  the  above  Table  shows  the  «i«wa*iro  v 
that  a  cubic  metre  of  steam  may  assume  by  expansion  under  a  pressure  of  1  ntni.* 
second  the  total  quantities  of  work  corresponding  thereto,  developed  l.rf..ro  and  during  .-xi-uu 
The  Table  exhibits,  also,  the  great  advantage  of  prolonged  expansion. 

So  that  a  cubic  metre  of  steam  that  only  develops  KKKCl  kUoF*mn«rt«rf  work  if  m.l  w 
expansion,  produces  26964  kilogrammctrcs  when  allowed  to  ,  x,,und  t»  five-  tin,,*    U  prii 
volume,  and  34127  when  the  expansion  is  ten  times  that  volume.    Ix-t  tu,  at 
find  the  work  corresponding  to  any  particular  volume  and  effective  procure,  it 
the  product  of  thosTdata  %y  the  number  in  the  Table  a  nHWonng  to  the  jame  eipan 
instance,  if  we  want  to  know  the  amount  of  work  done  by  0«-  -400  of  .team  at  a  preav 
atmospheres  and  an  expansion  of  five  times  its  volume,  we 

269G4  x  O6™-  400  x  5  =  53928  kilogramral-trca, 

The  preceding  notions  are  sufficient  to  convey  a  practical  knowledge  of  tho  condition,  that 

,,-  motors  now  unde, 


to  a.  «j  «r  .MM*  «.<•  •><-.* 

the  «,»*.  of  *»m  «.,  ta  n«in,  fn.n-1.  ...h 
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the  Assistance  of  the  foregoing  detailed  rales  and  tables.  In  addition  to  these  theorctie.il  considera- 
tions, the  following  practical  fuels  must  always  be  observed: — The  area  of  the  grate  is  regulated  by 
the  weight  of  fuel  which  is  to  be  burnt  upon  it  in  an  hour,  and  by  the  rate  of  combustion  a  square 
foot  ot'gmte.  The  mean  rate  may  be  taken  for  Cornish  boilers  at  10  Ibs.  of  coal  a  square  foot  an 
hour,  for  factory  boilers  14  Ibs.,  and  for  marine  boilers  20  Ibs.  Boilers  having  the  fin;  urged  by  a 
blast-pipe  or  a  fan  consume  from  45  to  125  Ibs.  The  economy  of  fuel  depends  very  much  on  the 
proper  adjustment  of  the  rate,  of  combust  on  a  square  foot  of  grate  to  the  draught  of  the  furnace.  A 
certain  rate  of  combustion,  which  may  be  found  by  practical  trials,  is  the  best  suite-1  to  insure 
thorough  combustion  in  a  given  furnace  ;  and  this  fixes  the  best  area  of  grate  ;  if  the  grate  is  made 
smaller,  the  combustion  becomes  imperfect ;  if  larger,  too  much  air  enters,  and  heat  is  wasted 
in  warming  it.  It  is  best,  in  practice,  to  make  the  grate  area  at  first  rather  too  large,  and  then  to 
contract  it  by  means  of  fire-bricks,  until  the  smallest  area  is  obtained  upon  which  tin:  required 
quantity  of  coal  can  be  burned  without  incomplete  combustion. 

Wiien  air  is  admitted  above  the  fuel  to  burn  the  coal  gas,  a  smaller  area  of  grate  is  required  to 
burn  a  given  quantity  of  fuel  an  hour  than  when  the  whole  supply  of  air  has  to  pass  through  the 
pate. 

The  length  of  a  grate  should  not  much  exceed  6  ft.,  in  order  that  the  fireman  may  easily  throw 
coals  to  the  back  of  it.  It  may  be  as  much  l&s  than  6  ft.  as  the  dimensions  and  figure  of  the  boiler 
require.  The  breadths  of  grates  range  from  about  15  in.  to  4  ft. ;  the  iuo.-t  convenient  breadths  for 
firing  being  from  18  in.  to  2  ft.,  or  thereabouts.  The  grates  of  stationary  and  marine  boilers  are 
usually  long  and  narrow ;  those  of  locomotive  boilers  are  usually  almost  square,  and  sometimes 
round. 

To  facilitate  the  even  spreading  of  the  fuel,  the  surface  of  an  oblong  grate  is  in  general  made  to 
slope  dotenwards  from  the  furnace-mouth  to  the  bridge  at  the  rate  of  about  one  in  six.  Its  clear 
height  above  the  floor  of  the  ash-pit  should  be  at  least  2J  ft.  in  front. 

A  locomotive  grate  is  usually  level ;  and  the  place  of  an  ash-pit  is  supplied  by  a  rectangular 
wrought-iron  pan  about  10  in.  deep,  which  is  open  at  the  front,  to  catch  the  air  as  the  engine 
rushes  through  it,  and  c.in  be  removed  when  required. 

A  giate  consists  of  fire-bars,  and  of  cross  bearers  by  which  they  are  supported.  The  fire-bars  are 
made  in  lengths  of  from  2  to  3  ft.  They  are  from  |  in.  to  J  in.  broad  on  the  top,  and  are  often  made 
t>  diminish  to  about  half  that  thickm  ss  at  the.  lower  edge,  in  order  to  admit  of  the  free  entrance  of 
air  and  escape  of  ashes.  Their  ordinary  depth  is  about  '6  in.  The  breadth  of  the  clear  space 
between  two  bars  is  from  one-half  to  two-thirds  of  the  greatest  breadth  of  a  bar.  At  each  side  of 
each  end  of  a  bar  there  are  snugs  or  projections,  by  which  the  breadth  of  the  bar  at  its  ends  is 
increased  to  as  to  be  equal  to  the  distance  from  centre  to  centre  of  the  bars.  W  hen  the  bars  are 
laid  upon  the  cross  bearers  w.tfi  the  snugs  touching  each  other,  the  proper  spaces  are  left  betwe(n 
thi  ir  intermediate  parts.  Fire-bars  are  often  cast  in  pairs,  so  that  two  bars  with  the  proper  space 
between  them  Conn  one  piece.  This  saves  time  in  removing  and  replacing  them  when  the  grate 
requires  repairs. 

Many  contrivances  have  been  devised  for  supplying  fuel  to  furnaces  gradually  and  equably  by 
mechanism,  in  order  to  insure  complete  combustion.  Someof  these  inventions  involve  the  useof  moving 
grates.  The  revolving  grate  is  circular  and  horizontal,  and  turns  slowly  about  its  centre.  ,  The  fuel 
is  dropped  upon  it  by  degrees  through  a  fixed  opening,  and  thus  every  part  of  it  is  at  all  times 
equally  covered.  Another  grate  consists  of  an  endless  web  of  very  short  fire-bars,  moving  on  hori- 
zontal rollers,  travelling  from  the  furnace-mouth  to  the  bridge,  and  returning  through  the  ash-pit. 
The  portion  of  the  web  which  at  any  time  is  uppermost  is  supported  on  small  \\heels  with  which 
the  b:irs  are  provided,  and  which  rest  on  rails.  Sometimes  ti.e  fire-bars,  by  means  of  cams,  are 
made  to  have  a  short  reciprocating  motion  up  and  down,  and  from  side  to  side,  in  order  to  keep 
them  clear  of  clinkers. 

The  clear  height  of  the  crown  or  roof  of  the  furnace  above  the  grate  bars  is  seldom  less  than  about 
18  in.,  and  often  considerably  more.  In  the  fire-boxes  of  locomotives  it  is  on  an  average  about  4  ft. 

The  height  of  18  in.  is  suitable  where  the  crown  of  the  furnace  is  brick  arch,  as  in  dttached 
furnaces.  Where  the  crown  of  the  furnace,  on  the  other  hand,  forms  part  of  the  heating  surface  of 
the  boiler,  a  greater  height  is  desirable  in  every  case  in  which  it  can  be  obtained  for  the  tempera- 
ture of  the  boiler  plates,  being  much  lower  than  that  of  the  flame,  tends  to  check  the  combustion  of 
the  inflammable  gases  which  rise  from  the  fuel.  As  a  general  principle,  a  hiyh  furnace  is  favour- 
able to  complete  combustion. 

The  height  of  the  furnace  is  limited  in  practice,  sometimes  by  the  necessity  for  having  flues  or 
tubes  traversing  the  water  above  it,  and  always  by  the  necessity  for  having  a  sufficient  depth  of 
wat-T  above  the  crown — that  is  to  say,  about  12  or  15  in.  in  marine  boilers,  5  or  6  in.  iu  locomotive 
boilers,  and  10  or  12  in.  in  land  boilers. 

According  to  M.  Peclet,  the  best  furnace  for  burning  wood  under  a  steam-boiler  consists  of  a 
hearth  of  fire-brick,  with  a  sort  of  hopper  or  feeding  passage  in  front,  of  the  full  width  of  the  hearth, 
made  of  cast-iron.  The  wood,  cut  into  billets  whose  length  is  a  little  l<ss  than  the  width  of  the 
hearth,  is  placed  crosswise  in  the  hopper,  and  descends  gradually  either  by  its  weight  alone,  or  by 
its  weight  aided  by  the  pressure  of  the  feet  of  the  stoker.  As  it  reaches  the  Dearth  billet  by  billet, 
it  takes  fire,  and  is  completely  consumed.  The  hearth  has  a  slight  slope  forwards  towards  the 
bottom  of  the  hopper.  The  wholo  supply  of  air  for  the  combustion  of  the  wood  passes  down 
through  the  hopper  amongst  the  unconsumed  billets  of  wood.  The  ashes  are  swt  pt  away  by  the 
draught. 

The  use  of  the  dead-plate  is  to  insure  the  combustion  of  highly  bituminous  coal.  In  some  of 
Watt's  furnaces  it  was  nearly  as  long  as  the  grate ;  but  a  length  of  about  20  in.  has  been  found 
to  answer  well  in  some  recent  practical  examples.  When  the  dead-plate  forms  the  bottom  of  a  cast- 
iron  mouthpiece,  it  is  u-«ful  to  make  the  roof  of  that  mouthpiece  slope  downwards  towards  the 
furnace  at  the  rate  of  one  in  six,  or  thereabouts.  This  has  the  effect  of  directing  any  current  of  air 
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which  may  enter  through  the  mouthpiece  downwards  upon  the  surface  or  the  burning  fuel  no  u  at 
once  to  promote  rapid  combustion  of  the  coal  gaa,  and  to  prevent  that  current  from  striking  the 
crown  of  the  fire-box,  which,  when  that  crown  is  part  of  the  boifer  surface,  tends  both  to  lower  1U 
temperature  and  to  oxidate  the  plates.  In  some  furn.ices  the  sides  and  top  of  the  mouthpiece  an 
made  thick  enough  to  be  traversed  by  a  row  of  longitudinal  hoi,  s,  each  }  in.  in  diam.-ter.  Then 
holes  admit  small  currents  of  air,  which  have  some  effect  in  burning  the  co.il  gas,  but  whose  prin- 
cipal use  is  at  once  to  keep  the  mouthpiece  cool  and  to-  carry  back  to  the  furnace  the  bent  which 
would  otherwise  be  lost  by  conduction  through  the  metal  of  the  mouthpiece. 

In  some  furnaces  the  dead-plate  is  double,  aiyd  a  current  of  air  U  admitted  through  the  I !••••.» 

As  to  contrivances  for  preventing  waste  of  heat  through  the  fire-door  and  furnace  front,  and  for 
admitting  air  through  them  to  burn  the  coal  gas,  and  regulating  the  admission  of  tlmt  air  and  of  Um 
air  whidi  enters  through  the  ash-pit,  reference  is  made  at  p.  438  when  treating  of  marine  boilera. 
To  what  is  stated  there,  it  may  be  added  that  doors  consisting  of  several  layers  of  wire  gauze  bate 
lately  been  used  for  these  purposes,  and,  it  is  said,  with  good  effect;  and  also,  that  a  heapof  dross,  slack 
or  sawdust,  where  those  substances  are  burned,  blocking  up  the  mouthpiece,  which  u  without  a 
door,  has  been  found  to  answer  the  same  end  extremely  well  in  stationary  boilers  at  St.  Hollo i 
Chemical  Works.  The  heap  so  placed  intercepts  the  radiant  heat,  and  admits  through  it*  inu-niio* 
enough  of  air  to  carry  the  sensible  part  of  that  heat  back  into  the  furnace,  and  to  burn  the  pa** 
distilled  from  the  fresh  fuel.  When  the  fireman  considers  that  the  heap  ia  sufficiently  coked  or 
charred,  he  pushes  it  forward  and  spreads  it  uniformly  over  the  grate,  and  supplies  iU  plaoo  by 
blocking  the  mouthpiece  again  with  a  heap  of  fresh  fuel. 

The  means  of  producing  a  current  of  air  through  a  furnace,  and  the  principles  of  the  action  of 
those  means,  and  their  peculiar  effects,  are  considered  in  the  article  on  CHIMNEY.  Care  "»«iii  bo 
taken  not  to  direct  streams  of  fresh  air  against  the  plates  or  other  metal  surfaces  of  the  boiler; 
because  if  so  directed,  they  produce  rapid  oxidation. 

The  only  figures  for  the  shells  of  boilers  which  are  safe  against  bursting  by  internal  pressure, 
without  the  aid  of  stays,  are  the  cylinder  and  the  sphere. 

Portions  of  boiler  shells  which  are  flat,  or  which  otherwise  devii.t)  from  the  cylindrical  and 
spherical  figures,  are  strengthened  by  means  of  stays.  The  usual  jtitch  or  distance  apart  of  the  -t.iy* 
of  locomotive  fire-boxes  is  abmt  4£  or  5  in.,  and  of  mnrine  and  stationary  boilera  12  to  18  in. 
According  to  Bourne,  the  staying  of  existing  marine  boilers  ia  seldom  sufficiently  strong ;  and  the 
iron  of  the  stays  ought  not  to  be  exposed  to  a  greater  working  tension  titan  3000  il*..  on  the  Mjuare 
inch,  in  order  to  provide  against  their  being  weakened  by  corrosion.  This  amounts  to  making  the 
factor  of  safety  for  the  working  pressure  about  20-. 

If  any  part  of  the  surface  of  a  boiler  cannot  he  efficiently  stayed  by  rods  rca<-hing  across  !o  the 
opposite  p:irt,  it  may  bo  fastened  by  bolts  or  rivets  to  a  series  of  ribs  crossing  it,  care  being  taken 
that  the  ends  of  those  ribs  have  sufficient  support.  For  exitmple,  the  flat  crown  of  a  locomotive  fi*e- 
box  is  hung  by  bolts  from  a  series  of  parallel  ribs,  which  cross  it  at  distances  of  from  4J  to  5  in. 
from  centre  to  centre,  and  whose  ends  are  supported  on  the  front  and  back  of  the  fire-box. 

It  has  been  found  by  experience  that  a  thickne.-s  of  about  jj  of  an  inch  is  the  most  favourable  to 
sound  riveting  and  caulking  of  boiler-plates ;  and  therefore  they  are  seldom  m  ide  much  thicker  or 
much  thinner  than  that  thickness.  If  a  cylindrical  lx>iler  is  required  to  withstand  a  very  high 
pressure,  the  necessary  increase  of  strength  must  bv  attained,  not  by  increasing  the  thickness  of  the 
plates,  but  by  diminishing  the  diameter  of  the  shell.  Tne  strongest  boilers  ore  those  which  are 
entirely  composed  of  tubes  and  small  cylinders,  with  the  w.iter  and  steam  inside. 

Fairbairn's  experiments  have  shown  that  the  stay-bolts  of  locomotive  fire-boxes  should  hare  Oielf 
diameters  equal  to  double  the  thickness  of  the  plates,  if  these  are  of  iron,  so  that  for  ?-in^h  iron 
plates  the  stay-bolts  should  be  f  in.  in  diameter.  According  to  the  principle*  laid  down  by 
Bourne,  the  factor  of  safety  for  the  stays  of  marine  boilers  should  be  about  ihreo  time*  the  fao:orof 
safety  for  those  of  locomotive  boilers ;  henco  for  plates  of  g  in.  thick  or  thereabout*,  the  stavs  of 
marine  boilers,  if  round,  should  be  about  1}  inch  in  diameter. 

The  flat  ends  ofcylindrical  lioilers  are  made  about  onco  and  a-half  tin?  thickness  of  the  cylindrical 
barrels,  and  are  tied  to  each  other  by  longitudinal  stays,  or  to  the  aides  of  the  boiler  by  gu*irU  A 
pair  of  tube-plates  are  tied  together  in  the  same  manner ;  and  it  is  safer  to  rely  altogether  on  «Ujr- 
rods,  to  prevent  them  from  being  forced  asunder,  than  to  leave  any  part  of  the  tension  to  be  burM 
by  the  tubes. 

Tubes  for  the  passage  of  flame  anl  hot  gas  are  made  of  bnss  or  of  iron,  and  are  from  1}  to  2  in. 
in  diameter  for  locomotives,  and  from  2  to  4  in.  in  diameter  for  marine  !•<>  I«TH.  Tlu-y  un<  nxod 
tight  in  the  holes  in  the  tube-plates,  either  by  driving  ferules  into  their  ends,  or  by  rir.  tin*  up 
the  edges  of  the  ends  themselves,  so  as  to  make  them  fit  countersunk  gn  ovea  which  surround  tli« 
holes  on  the  outsidd  of  each  tube-plate. 

The  flat  ends  of  cyliudrical  boilers  nre  very  commonly  connect,  d  with  the  Ham-It  nn>l  i 
means  of  rings  of  angle  iron ;  but  such  rings  are  li  ible  to  split  at  the  angle,  and  therefore  it 
sidered  preferable  to  make  the  conneot'on  by  bending  the  edges  «.f  the  aMBMl  pluU*  of 
and  flues.    A  flat  end  to  a  cylindrical  shell,' or  a  flat  top  to  a  cylindrical  utoam-chegt,  connected 
means  of  an  angle-iron  ring  alone,  without  ,-tay-bars  or  gussets,  is  dangoroiw  at  high  pn* 
when  of  small  diameter ;  as  the  angle-iron  ring,  although  it  may  last  for  a  lira  •  and  be  appar.  r 
safe,  is  almost  certain  ti  split  at  the  angle  in  the  end. 

The  shells  of  stationary  and  locomotive  lioilcre  arc  usually  sin^-nv.  tt.  d 
usually  double-ri vetted— that  is.  the  rivets  form  a  zig-zag  line  at  each  joint, 
i  >ints  should  have  the  overlapping  edges  facing  upwards  on  the  side  n.-xt  i 
not  intercept  bubbles  of  steam  on  their  way  upwards.    Tiie  joints  in  horizontal  flues  sli<ml 
placed  that  the  overlapping  edges  shall  not  oppose  the  current  of  gas. 

Those  parts  of  boilers  which  are  exposed  to  more  severe  or  more  irregular  straini 
to  a  more  intense  heat,  should  be  made  of  the  finest  iron,  snch  us  Bowling  or  Lowrooor. 
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to  the  sides  and  crowns  of  internal  furnaces,  to  tube-plates,  to  bent  plates  at  the  end  of  cylindrical 
shells,  and  so  on. 

The  sectional  area  of  the  flues  of  a  boiler  must  not  be  made  too  large,  lest  it  should  make  the 
boiler  too  bulky ;  nor  too  small,  lest  it  should  cause  too  much  resistance  to  the  draught.  Experience 
has  shown  that  a  sectional  area  of  from  one-fifth  to  one-seventh  of  the  area  of  the  grate  answers  well 
in  practice.  When  there  is  a  bridge  contracting  the  entrance  to  the  flue,  this  applies  to  the  area  of 
the  passages  left  by  the  bridge.  In  multitubular  boilers,  the  area  to  be  considered  is  the  joint  area 
of  the  whole  set  of  tube*,  which,  when  there  are  ferules  at  their  ends,  is  to  be  measured  within  the 
feruJet. 

The  course  taken  by  the  current  of  hot  gas  through  the  flues  and  tubes  of  a  boiler  is  most  com- 
monly from  below  upwards  on  the  whole,  even  when  most  of  those  passages  are  horizontal.  It  was 
first  shown  by  Peclet,  and  is  now  generally  recognised,  that  a  great  advantage  in  point  of  thorough 
convection  of  heat,  and  consequently  in  economy  of  fuel,  is  gained  by  causing  the  course  of  the  hot 
gas  to  be  on  the  whole  from  above  downwards ;  because  then  the  hottest  strata  of  the  furnace  gas, 
being  upj)ormost,  spread  themselves  out  above  the  denser  and  colder  strata  which  are  beloiv,  and  so 
diffuse  themselves  more  uniformly  throughout  all  the  passages  than  they  do  when  made  to  ascend 
from  below.  This  principle  was  practically  applied  in  Dundonald's  boiler.  Fig.  868. 

The  lower  horizontal,  or  nearly  horizontal,  surfaces  of  internal  flues  and  tubes,  owing  to  the  diffi- 
culty with  which  bubbles  of  steam  escape  from  them,  are  found  to  be  much  leas  effective  in 
producing  steam  than  the  lateral  and  upper  surfaces.  On  an  average,  the  effective  heating-surface 
is  from  j  to  I  of  the  total  heating-surface. 

A  cylindrical  boiler  is  usually  filled  with  water  to  three-fourths  of  its  depth  or  thereabouts. 

The  practice  with  regard  to  the  absolute  capacity  of  boilers  varies  very  much.  According  to 
Robert  Armstrong,  that  capacity  ought  to  be  : 

For  each  cubic  foot  of  water  evaporated  an  hour — 

Steam-room 13$  cubic  feet. 

Water-room     13£         „ 

Total  boiler-room         ..      ..     27 

W.  H.  James'  boiler  was  composed  entirely  of  tubes  of  small  diameter  arranged  side  by  side,  as 
in  Fig.  860,  and  inserted  into  two  large  pipes  d,  e.    One  of  these  tubes  or  rings  is  shown  in  section, 
Fig.  861,  and  exhibits  the  space  occupied  by  the  water  a  a,  the  steam  room  6  6,  the  horizontal  pip« 
d  serving  for  a  steam-pipe,  the  feed 
pipe  e  which  distributes  the  water  into  860.  861. 

the  rings  uniformly.     The  thickness  ( J 

of  the  rings  was  -A  in.,  of  the  hori- 
zontal pipes  d  and  e  £  in.,  and  the 
diameter  of  the  boiler  24  in.  The  fire 
was  placed  on  a  grate  near  the  bot- 
tom, and  sometimes  directly  on  the 
tubes,  which  thus  formed  the  grating 
itself.  This  boiler  was  enclosed  by 
brick-work,  from  inside  the  arched,, 
roof  of  which  much  heat  was  econo- 
mized by  reverberation.  James  pa- 
tented this  boiler  in  1825,  and  he 
may  be  considered  to  be  the  first  inventor  who  practically  understood  what  was  required  to  con- 
stitute an  efficient  boiler.  The  comparative  merits  of  the  boilers  specified  in  the  succeeding 
tabulated  arrangement  can,  in  a  great  measure,  be  comprehended  from  the  appended  data  and 
registered  results. 

The  boiler  invented  by  Nathaniel  Ogle  is  shown  in  Figs.  862,  863,  864. 

Fig.  862  shows  a  vertical  section  of  Ogle's  boiler,  Fig.  863  is  a  ground  plan,  and  Fig.  864 
section  of  the  top. 

a,  a,  a,  are  tubes  or  vessels  placed  over  the  furnace  B  in  an  upright  or  perpendicular  or  vertical 
position,  c,  c,  are  tubes  or  pipes  for  connecting  the  tubes  a,  a,  a,  together,  d,  rf,  d,  are  the  inner 
flues  which  run  through  the  inside  of  the  tubes  or  vessels  a,  a,  a,  and  out  at  the  top,  and  which 
flues  or  tubes  are  also  placed  in  an  upright  or  perpendicular  or  vertical  position,  and  are  for  the 
escape  of  the  heated  air  or  gas  arising  from  the  fire,  which  may  be  made  on  the  furnace  bars  e,  or 
in  any  other  way  that  may  be  found  convenient.  /,  /,  /,  are  flues  or  spaces  which  also  serve  for 
the  escape  of  the  heated  air  or  gas  arising  from  the  fire,  g,  g,  are  the  sides  of  the  furnace ;  the 
front  is  supposed  to  be  taken  away,  in  order  to  show  the  boiler  or  generator,  h,  the  chimney. 
i,  i,  i,  are  bolts  for  screwing  the  tubes  or  pipes  c,  c,  together,  k,  the  feed-pipe  for  supplying  the 
boiler  or  generator  with  water.  /,  the  steam-pipe,  m,  m,  m,  are  tubes  or  pipes  to  connect  the  tubes 
or  pipes  c,  c,  together,  n  is  the  ash-pit.  The  water  which  is  contained  between  the  tubes  or  vessels 
a,  a,  a,  may  be  pumped  into  the  boiler  or  generator  to  any  height  at  which  it  may  be  found  most 
convenient,  and  a  safety-valve  may  be  attached  in  the  usual  way. 

From  a  series  of  well-directed  experiments,  Ogle  brought  his  boiler  to  a  great  state  of  perfection ; 
he  received  much  practical  assistance  from  Thomas  Don,  the  experienced  millwright  and  engineer, 
who  for  a  considerable  time  was  engaged  with  Ogle  in  carrying  out  steam  locomotion  on  common 
roads.  One  of  the  last  arrangements  given  to  Ogle's  boiler  is  shown  in  Fig.  865 :  one  of  the  horizontal 
tubes,  detached,  is  shown  in  Fig.  866 ;  the  dimensions,  shown  at  A,  3  by  3f  in. ;  length,  3  ft.  4  in. 

This  boiler  was  composed  of  eleven  rows  of  perpendicular  tubes,  ten  tubes  in  each  row ;  the 
internal  diameter  of  the  upright  tubes  was  3  in. 

After  a  series  of  experiments,  Ogle  and  Don  so  proportioned  the  heating-surface  to  the  volume 
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of  water  to  which  it  communicated  a  maximum  calorific  value,  that  they  dispensed  with  the  inner 
flues,  and  ultimately  produced  a  boiler  of  the  type  shown  in  Fig.  865.  Ogle  inserted  a  t>t*-am-pipe 
at  6 ;  this  pipe  was  pierced  with  holes  like  that  shown  in  the  Thomson  boiler.  Fig.  885.  The  hole* 
in  Ogle's  superheating  and  drying  tube  were  not  equidistant ;  they  stood  farther  apart,  near  the 
exit  at  b.  Ogle  possessed  great  mechanical  skill,  as  well  as  extensive  general  information ;  ha 
was  highly  educated  in  both  college  and  school.  In  early  life  he  waa  an  officer  in  the  Royal 
Navy ;  his  attainments  in  other  departments  of  science  and  art  were  considerable,  and  no  ™«i 
possessed  a  heart  with  a  greater  amount  of  the  milk  of  human  kindness  than  Nathaniel  Ogle. 
The  writer  knew  him  well ;  peace  be  to  his  ashes. 
The  boiler  shown  in  Fig.  865  had 


110  upright  tubes ;  surface  of  each  was  351  sq.  in. ;  in  all 

22  horizontal  tubes  a,  a,  a;  surface  each  320  sq.  in. ;  in  all 
3  horizontal  tubes  to  join  the  rows  of  tubes  at  top  and  bottom,  for 
water-supply  and  to  take  off  the  steam;  the  surface,  in  all 


•q.  In. 

88.611 

6,400 

1.2% 

Or  320 'sup.  ft.  or  heating-surface  contained  in  a  space  of  34J  cub.  ft.        46,306 

cob.  in. 

fiol id  contents  /  Upright  tubes,  288  cub.  in.;  in  all       81,680 

contents  \  Horizontal  tubes      18,424 


Or  180  gallons. 


50,104 


The  Dundonald  boiler  is  shown  in  Figs.  867  to  871 ;  this  arrangement  is  original  and  yety 
complete. 

Fig.  867  is  a  general  view  of  the  boiler  invented  by  Thomas  Cochrane,  commonly  called  Earl 
Dundonald.  A  is  an  aperture  at  the  back  of  the  ash-pit  to  admit  heuted  air  through  a  tin  (  •  r 
channel  B,  C,  to  unite  with  the  candent  gaseous  products  of  combustion  at  0,  and  complete  U»e 
decomposition  of  fuliginous  matter.  From  this  boiler  Dundonald  cuts  off  the  steam-chert  D.  E,  F.  O. 
reducing  the  altitude  of  the  boiler  to  D,  G,  and  in  lieu  of  the  steam-chest  he  adds  a  reatrvoir  11,  K, 
of  sufficient  capacity,  using  the  device  L,  M,  being  a  plate  of  iron  or  other  substance,  whereof  th« 
part  M  may  either  be  immersed  in  the  water,  or  a  pipe  or  channel  M,  L,  may  be  added,  whereby 
the  spray  or  water  hurried  up  by  the  steam  may  descend,  so  that  the  steam  which  shall  enter  the 
centrifugal  separator  O,  P,  may  be  comparatively  dry ;  but  should  any  spray  remain  enveloped  by 
the  steam,  the  same  will  adhere  to  and  fall  down  from  the  separator  through  the  tube  or  channel 
Q,  which  performs  the  same  office  as  M,  N.  It  is  obvious  that  these  channels,  being  immened  at 
their  lower  extremities,  do  not  permit  the  flow  of  steam  in  a  direction  contrary  to  the  iaauc  of  the 
separated  water. 

Fig.  868  exhibits  a  common  tubular  boiler,  from  which  the  lofty  appendage  of  a  st«un-chest 
may  be  removed  and  the  steam  reservoir  substituted.  H,  K,  represents  that  reservoir,  and 
D,  E,  F,  G,  the  steam-chest  cut  off,  which  important  improvement  Dundonald  renders  practicable 
by  devices  that  retain  the  spray  or  water  termed  priming.  L.  M,  is  a  guard  to  ward  off  the  effect 
of  violent  ebullition,  and  at  M,  N,  is  an  opening  or  channel  (the  lower  part  whereof  terminate* 
under  water  to  prevent  a  counter-current  of  steam),  through  which  opening  or  channel  the 
greater  part  of  the  priming  descends,  leaving  the  steam  comparatively  dry  to  enter  the  centrifugal 
separator  O,  P. 


867. 


f.O. 


Fig.  869  is  an  enlarged  view  of  that  separator,  on  the  «dej  of  which  th* 
impinges  by  its  rectilinear  impulse,  and  adheres  until  it  descends  through  ••*••£ 
channel  Q,  and  returns  into  the  boiler.    The  dry  steam  enter,  the  re-ervoir  H.  K 
the  separator  O,  P,  by  the  openings  P,  the  rest  O  being  closed.    But  in  eon.tr 
proposed  wholly  or  partly  to  envelop  the  funnel  in  the  reservoir   and  -o  Mte 
morVdry  by  imparting  thereto  the  heat  which  the  products  of  combiution  may  then  and  U*w 


434 


BOILER. 


871. 


able  to  impart.  Condensed  steam  may  be  drawn  off  from  the  reservoir  H,  K,  and  returned  to  the 
boiler  by  a  small  transfer-pump  R,  or  by  a  connection  with  the  feed-pump,  or  it  may  be  blown  out 
through  a  pipe  by  the  steam  pressure. 

Fig.  870  shows  a  means  of  communicating  power  to  propelling  apparatus  without  long  shafts 
or  the  ordinary  gear,  a?  is  a  steam  generator ;  y  is  a  steam-pipe  enclosed  in  a  case  composed  of 
the  least-conducting  material  to  prevent  loss  of  heat ;  and  z  is  a  steam  reservoir,  placed  as  near 
the  extremity  of  the  vessel  as  may  be  convenient;  thus  a  short  propellor-shaft  from  an  engine 
contiguous  thereto  will  suffice.  Contiguous  to  the  reservoir  *,  and  reaching  to  the  stern-frame, 
Dundonald  placed  a  water  or  an  air  and  water  tight  tank,  through  which  the  propeller-shaft  passes, 
whereby  the  bearings  were  kept  cool,  and  leakage  from  the  stuffing-boxes  prevented. 

Fig.  871  is  a  boat  boiler,  which,  as  regards  its  steam-generating  arrangements,  may  be  on  the 
usual  locomotive  plan.  Dundonald's  improvements  consisted  in  placing  around  the  funnel,  or 
where  most  convenient,  a  steam-separator  to  ward  off  the  effect  of  violent  ebullition  or  external 
agitation,  and  draw  off  the  spray  or  priming  n  rising  therefrom  by  the  pipe  or  channel  M,  N,  or  Q, 
leaving  the  steam  comparatively  dry  to  pass  into  the  lower  reser- 
voir H,  K. 

Dundonald  justly  claims  the  constructing  of  boilers  with  steam 
reservoirs  below  the  level  of  the  water  in  lieu  of  and  dispensing 
with  steam-chests  above ;  and  also  the  means  of  retaining  the  heat 
and  drying  the  steam  in  a  reservoir  by  the  presence  of  a  portion  of 
fire-surface,  or  by  the  passage  of  the  flue  or  chimney  therein. 

His  invention  also  prevents  the  overflow  of  water,  termed  pri- 
ming, into  a  steam  reservoir  by  protecting  plates  or  channels,  having 
grooves  or  ducts,  whose  lower  extremity  is  immersed  in  water  within 
the  boiler,  or  terminates  in  the  steam  reservoir,  and  so  leaves  a 

872.  free  issue  for  the  priming  which  separates  from  the  steam.   Dundonald  also 

rightly  claims  a  spiral  or  other  centrifugal  separator,  which  for  the  purpose 
might  be  square  or  other  shape,  and  still  perform  the  office  of  separator 
on  the  principle  thereof;  and  the  introduction  of  a  submerged  opening, 
groove,  pipe,  duct,  or  channel,  whereby  the  spray  or  water  so  separated 
may  descend  or  pass  off  unopposed  by  a  counter-current  of  steam. 

About  the  year  1846  James  Montgomery  introduced  the  boiler  arrange- 
ments shown  in  Figs.  872,  873. 

Fig.  872  is  a  vertical  section  through  the  boiler  and  through  the  fur- 
nace by  which  it  is  heated.  Fig.  873  is  a  horizontal  section  through  the 
furnace  in  the  line  x ,  x ,  of  Fig.  872. 

G,  C,  is  the  fire-chamber  into  which  the  fuel  is  to  be  fed  through  a 
series  of  doors  at  the  side.  C,  C,  are  the  grate-bars.  D  is  the  ash-pit. 
E,  E,  are  vertical  tubes  through  which  the  water  is  to  circulate.  These 
tubes  pass  through  suitable  heads  F,  F.  The  case  or  body  of  the  boiler 
that  contains  the  tubes  is  represented  as  rectangular ;  but  Montgomery 
sometimes  made  it  cylindrical,  and  varied  its  form  in  other  ways.  The 


fire-chamber  is  surrounded  by  a  water-space  G,  G,  which  is  continued. on  the  sides  of  the  con- 
taining case  of  the  vertical  tubes.  H,  H,  is  the  steam-chamber;  I,  I,  the  water-line;  J,  J,  that 
portion  of  the  boiler  that  is  below  the  lower  tube-head;  and  K,  K,  the  bottom  of  the  boiler. 
This  bottom  is  made  convex  outwards,  and  may  be  either  spherical  or  conical ;  and  as  the  heat 
from  the  fire  does  not  act  on  this  bottom,  the  water  contained  between  it  and  the  lower  tube-head 
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7        VV-         A-C°mparatlVJe.  qmescenc«.  in  consequence  of  which  the  sedimentan 
from  which  incrustations  are  ordinarily  formed  on  the  bottoms  and  other  pSaTbS  7 
settle  down  in  a  loose  unaggregated  state.    By  means  of  a  tube  L.  and  TtJkZ  or  bvlE^id 
an  ordmary  valve,  the  accumulated  sediment  may  at  any  time  be  blown  3r  wiLit  JooSiS 
any  considerable  waste  of  water. 


873. 


The  flame  or  heat  from  the  fire-chamber  is  directed,  first,  against  the  upper  ends  of  the 
vertical  tubes,  and  then  upon  their  lower  ends ;  and  to  effect  this  a  partition  or  diaphragm  N,  N, 
was  placed  so  as  to  divide  the  larger  portion  of  the  chamber  containing  the  tube*  into  two 
parts,  an  upper  and  lower  chamber.  This  will  direct  the  draught,  as  indicated  by  the  arrows, 
first  into  the  space  above  the  diaphragm,  around  which  it  will  pass  to  the  chamber  below  the 
diaphragm,  thence  into  the  flue-space  O,  O,  below  the  ash-pit,  and  thence  to  the  chimney  P 
The  introduction  of  this  diaphragm-plate  is  an  important  feature,  and  first  introduced  by  Moot 
gomery. 

Q,  Q,  Fig.  872,  is  a  shield,  consisting  of  a  plate  of  metal  placed  below  the  boiler-head  at  sneh 
distance  therefrom  as  to  allow  of  a  steam  passage  between  the  two ;  its  diameter  is  somewhat  leas 
than  that  of  the  boiler-head,  so  as  to  allow  the  steam  from  the  steam-chamber  to  pass  into  it 
whilst  it  completely  covers  the  upper  ends  of  the  vertical  tubes.  By  this  arrangement  of  the 
shield  the  steam  is  drawn  equally  from  all  parts  of  the  circumference  of  the  boiler ;  the  foaming 
of  the  water  when  the  pressure  is  taken  off  by  the  admittance  of  steam  into  the  cylinder  will  ah» 
be  in  great  measure  prevented.  R,  R,  is  the  steam-pipe  leading  from  the  middle  of  the  boUt-r- 
head  to  the  engine. 

Montgomery  adds : — "  The  producing  of  a  free  and  continuous  circulation  of  the  water  in  a 
boiler  has  been  frequently  attempted,  but  has  not  been,  as  I  am  well  assured,  hitherto  Attained ; 
but  by  my  plan  of  arranging  the  respective  parts  of  the  boiler  in  such  way  as  that  its  bottom  •lull 
not  be  subjected  to  the  direct  action  of  heat,  and  of  introducing  it  laterally  among  the  vertical 
tubes  at  their  upper  ends,  I  not  only  secure  the  ready  depositing  of  the  sediment  aa  stated,  bat 
effect  a  rapid  and  decided  circulation,  which  prevents  all  incrustation  on  the  interior  of  the  tabes 
and  at  the  bottom  of  the  boiler,  and  also  augments  the  quantity  of  steam  generated.  I  have 
represented  the  diaphragm  as  situated  at  about  one-third  ol  the  height  of  the  ooiler  from  ita  top, 
but  it  may  be  placed  near  its  middle,  or  lower  down  if  preferred,  the  flro-chaiuber  ahw  being 
depressed  to  accord  therewith." 

The  fire  is  to  be  ignited  at  the  part  nearest  to  the  boiler,  and  successively  through  the  doon 
more  and  more  distant  from  it,  the  object  of  which  is  always  to  keep  a  clear  fire  towards  the 
boiler,  the  fireman  moving  the  fuel  which  has  ceased  to  give  out  smoke  gradually  forward,  and 
giving  the  new  supply  at  a  distant  door,  so  as  to  cause  the  smoke  to  pa«a  over  a  ch-ar  fin-,  by  which 
means  it  will  be  completely  burnt,  the  unavoidable  leaking  in  of  atmospheric  nir  being  suffloieot 
to  produce  that  result ;  an  additional  supply  may,  however,  be  given  should  it  !•«•  found  necessary. 
W,  W,  Fig.  872,  is  a  waste-steam  pipe  leading  from  the  ordinary  safety-valve  into  the  ash-pit  D. 
This  pipe  will  conduct  the  steam  that  escapes  through  the  valve,  whether  in  small  or  large 
quantities,  into  said  ash-pit;  and  when  the  quantity  is  Inrfjc  from  tin-  ••»!'.  <  t  . <i'  t.-.  ^n-al  pressure, 
the  steam  will  have  the  effect  of  damping  the  fire,  and  thus  of  regulating  the  |>rv*-- 

Montgomery  also  introduced  a  peculiar  method  of  applying  cxpanding-rods  to  boilers,  for  tha 
purpose  of  preventing  explosions  by  damping  the  fire  before  the  point  of  danger  was  reached. 

One  form  of  this  arrangement  is  shown  in  Fig.  873.    «, «,  is  a  rod  which  is  made  fast  to  Utt 
front  furnace-plate,  as  at  /.    It  passes  through  miitnblo  stays  to  prevent  its  bending,  is  join 
its  rear  end  to  a  rod  w,  and  this  at  its  opposite  end  is  jointed  to  a  rod  r,  r.  that  passe*  to  the  fr 
of  the  boiler ;  w  ia  a  rod  that  passes  from  the  rod  v.  through  a  stuffing  box  x.  and  is  made  f«*t  t< 
an  immovable  bulkhead  at  y;  the  rod  w  consequently  n-mninH  stationary  ;  the  expansion  if 
boiler  and  rod  by  heat  will  therefore  have  the  effect  of  causing  the  boiler  to  uli.ln  buck  <m  the  r 
w  and  will  cause  the  rod  w  to  force  the  rod  r,  v.  forward.    The  rod  t,  »,  nassr*  thmujrh  *  rtufflnir- 
box  at  a1  on  the  front  of  the  boiler,  and  its  end  bears  against  a  rod  6«,  which  is  attached  by  a  joii 
pin  to  a  short  arm  or  stud  c1. 

In  the  vertical  section,  Fig.  872,  the  lever  6"  is  seen  as  acting  against  n 
a  valve  e1  that  is  connected  to  the  steam-pipe  R  by  a  smaller  pipe/1. 


436 


BOILER. 


874. 


force  oat  the  valve  e1,  steam  will  pass  up  the  tube  g\  and  force  in  a  piston  at  A1,  and  will  close  the 
damper  »'  by  an  arrangement  of  levers,  the  action  of  which  will  be  readily  understood  on  inspec- 
tion. To  cause  the  lever  dl  to  return  with  certainty  to  its  place  when  the  expansion-bars  contract, 
a  weight  j1  is  applied  to  a  cord  that  passes  over  a  pulley  A1.  The  front  of  the  furnace,  it  is  to  be 
observed,  is  to  oe  so  stayed  that  the  whole 
expansion  of  it  and  of  the  boiler  shall  be 
towards  the  back.  Montgomery  says,  "In- 
stead of  carrying  the  steam  from  the  ordinary 
safety-valve  through  the  waste-steam  pipe 
W,  W,  as  before  mentioned,  I  sometimes  adopt 
the  arrangement  of  admitting  a  portion  thereof 
by  the  action  of  the  expansion-rods.  In  this 
case,  in  addition  to  the  ascending-tube  gl,  g', 
that  gives  a  passage  to  the  steam  that  is  to 
close  the  damper  i1,  I  allow  a  tube  gn  to  de- 
scend from  the  chamber  of  the  valve  e1  and  to 
enter  the  ash-pit ;  the  portion  of  steam  that 
descends  through  this  tube  will  co-operate 
with  that  which  ascends  through  the  tube  gl 
in  damping  the  fire.  The  expansion-bars  are 
to  be  made  of  any  suitable  composition,  and 
these,  when  the  boiler  is  of  iron,  are  to  be  en- 
closed in  tubes  of  iron,  the  expansion  of  which 
will  be  the  same  with  that  of  the  boiler; 
when  the  boiler  is  of  copper,  the  enclosing- 
tubes  must  be  of  that  metal.  By  the  enclos- 
ing-tubes the  expansion-bars  are  kept  from 
the  contact  of  moisture,  and  all  galvanic  action 
is  thereby  prevented.  The  operation  of  the  ' 
expansion-rods,  when  arranged  in  the  manner 
described,  will  be  such  as  to  ensure  the  ope- 
rating of  the  whole  amount  of  their  expansion 
upon  the  apparatus  by  which  the  damping  of 
the  fire  is  to  be  effected." 

As  an  inventor,  Montgomery  has  but  few 
equals.  We  therefore  give  another  form  of 
boiler  invented  by  him  about  1859.  This 
boiler  is  shown  in  Figs.  874,  875,  876,  877. 
ID  part  a  front  elevation,  Fig.  874,  and  in  part 
a  vertical  transverse  section,  Fig.  874.  The 
parts  shown  in  these  four  figures  are  referred 
to  by  numbers  instead  of  by  letters. 

Fig.  875  is  a  vertical  longitudinal  section  ; 
Fig.  876  is  a  transverse  section  of  the  upper 
part  of  the  boiler,  exhibiting  a  modification 
in  the  form  of  the  crown-plate ;  Fig.  877  is  a 
longitudinal  interior  view  of  a  segment  of  the 
cylindrical  portion  of  the  boiler,  showing  the 
form  of  passages  communicating  between 
the  upper  and  lower  portions.  45  represents 
the  furnace,  and  46  and  47  flues  through 
which  the  products  of  combustion  pass  to 
the  stack  48;  49  is  a  corrugated  plate  of 
metal,  forming  the  crown  of  the  furnace  and  the  floor  of  the  upper  water-space ;  50  is  a  bridge, 
which  serves  to  deflect  the  products  of  combustion  upward,  and  receive  the  heat  therefrom,  which 
is  imparted  to  the  body  of  the  water  which  it  contains ;  51  are  corrugated  metallic  plates,  forming 
a  series  of  tubes  of  oblong,  elliptical,  circular,  or  other  section,  between  which  the  products  of 
combustion  pass,  and  through  which  water  circulates  or  flows  upward  by  the  effect  of  heat,  to 
facilitate  which  the  said  tubes  are  formed  of  increasing  diameter  towards  their  upper  ends.  The 
plates  are  made  of  greater  thickness  at  their  lower  parts  to  preserve  them  longer  from  the  de- 
structive effect  of  the  deposit  of  ashes  between  them.  52  are  the  fire-doors,  and  53,  doors  giving 
access  to  the  flues :  54  is  a  damper  which,  when  open,  affords  direct  communication  between  the 
furnace  and  stack  to  facilitate  kindling  the  fire.  The  plates  by  which  the  corrugated  tubes  are 
sustained  and  connected  at  their  ends  may  be  either  cast  or  wrought  metal.  In  the  former  case 
the  ends  of  the  tubes  are  first  upset  so  as  to  form  flanges,  which  may  be  separated  and  turned  to 
different  angles.  The  tubes  are  then  placed  in  position  in  a  suitable  mould,  and  molten  metal 
run  upon  their  ends  so  as  to  cement  the  whole  firmly  together,  or  form  means  of  connecting  them 
as  may  be  desired.  In  order  to  fix  the  tubes  in  wrought  metal  plates,  apertures  of  the  requisite 
size  and  shape  are  first  formed  in  the  said  plates  and  the  tubes  inserted  therein ;  the  ends  of  the 
tubes  are  then  somewhat  expanded,  and  thimbles  (56)  inserted,  which  form  internal  supports,  and 
enable  the  ends  of  the  tubes  to  be  upset  or  caulked  so  as  to  produce  secure  steam-tight  joints 
between  them  and  the  connecting-plates  (58).  If  preferred,  the  thimble  may  be  replaced  by  a 
simple  stay  introduced  between  the  opposite  salient  portions  of  the  plates  near  their  edges.  The 
whole  nest  of  corrugated  plates  forming  the  interior  water-spaces  is  held  in  position  by  screw 
bolts  (59).  which  admit  of  the  removal  of  the  whole  nest  bodily  for  inspection,  cleansing,  or 
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repairs,  and  the  connecting-plate  may,  if  desired,  be  constructed  in  sections  eoni  ••••    ! 

manner  so  as  to  facilitate  the  same  end.    The  corrugations  in  the  meta1^" ------ 

in  giving  strength  and  rigidity  to  the  structure,  and  affording  an  i 
surface ;  and,  when  placed  at  right  angles  to  the  line  of  draught,  present  surfac 
products  of  combustion  impinge  with  some  force,  and  thus  temporarily  arrest 

portion  of  the  heat  produced  passes  immediately  into  'the  upjIeTpart  oV\hTwateTth^l'gh*S 


876. 


vn. 


medium  of  the  plate  (49),  and  thus  effects  the  generation  of  steam,  the  heat  evolved  by  contact 

with  the  plates  or  tubes  (51)  serving  to  raise  the  temperature  of  the  water  cont 

them,  and  to  generate  an  additional  amount  of  steam.    When  NDpfcpM 

furnace  crowns  and  plates  as  (49),  the  corrugations  are  preferred  to  run  transversely  of 

at  right  angles  to  its  axis,  in  order  to  form  opposing  curves  to  add  to  the  strength  and  rigid  it; 

the  structure,  which  end  is  further  accomplished  by  forming  the  corrugations  of  greater  depth 

towards  the  centre  or  crown  of  the  plate  thnn  at  or  near  its  sustained  edfp*  or  end*,  as  show 

Figs.  874  and  876.   The  crown-plate  (49)  exhibited  in  Fis.  875  presents  in  iU  lonpitmlinal  * 

alternate  corrugations  of  different  sizes  surmounted  by  vertical  ribs  or  lamin«>  (60),  which  is  l« 

to  constitute  an  original  form  of  plate,  possessing  greater  strength  in  proportion  to  the  weight  « 

metal  than  any  other  known ;  the  ribs  (CO)  also  afford  facility  for  tho  «tUrhm«-nt  of  stays  or 
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braces  (61).  In  high-pressure  -oollera  the  corrugations  in  the  plates  (51)  forming  the  internal 
water-tubes  will  also  be  rolled  of  increasing  depth  toward  the  centre  to  give  them  additional 
strength.  For  low-pressure  boilers  the  plates  (51)  are  formed  with  corrugations  running 
horizontally  as  well  as  vertically,  the  effect  of  which  is  to  avoid  any  injury  by  contraction  and 
expansion  from  changes  of  temperature,  and  also  to  afford  increased  heating-surface.  In  this  case 
the  tubes  are  made  circular  in  the  general  form  of  their  transverse  section. 

The  operation  is  as  follows : — The  products  of  combustion  pass  from  the  furnace  (45)  over  the 
bridge  (50),  down  the  flue  (46)  to  THE  DIAPHKAGM-FLATE  (62),  by  which  they  are  deflected  hori- 
zontally between  the  corrugated  tubes  (51)  to  the  end  of  the  said  plate  (62),  where  they  descend 
and  are  carried  horizontally  in  the  opposite  direction  between  the  lower  ends  of  the  tubes  (51), 
and  having  thus  been  made  to  part  with  a  large  proportion  of  their  heat,  pass  upward  through  the 
Bide  flues  (47)  to  the  stack  (48),  their  course  throughout  being  indicated  by  arrows  a.  By  this 
means  the  plates  composing  the  water-tubes  are  preserved  from  unequal  vertical  expansion  in 
their  front  and  rear  portions  respectively,  and  the  corrugated  form  of  the  said  plates  prevents  any 
injurious  results  from  the  greater  horizontal  expansion  of  the  upper  than  that  of  the  lower  portion. 
Feed-water  (see  arrows  6)  is  introduced  into  the  lower  portion  of  the  boiler  through  the  port  (63), 
and  in  accordance  with  the  laws  of  rarefaction  by  heat  a  constant  circulation  is  produced,  the 
hottest  portion  of  the  water  at  all  times  passing  to  the  upper  region  of  the  boiler  immediately 
above  the  furnace,  at  which  point  the  most  intense  heat  is  imparted  from  the  furnace  so  as  to 
produce  there  the  chief  generation  of  steam,  which  rises  freely  in  the  steam-space  without  pro- 
ducing any  serious  ebullition  or  disturbance  of  water  to  cause  foaming.  In  the  lower  region  of  the 
boiler  a  constant  circulation  of  water  occurs  up  the  tubes  (51)  and  down  the  external  water-ways 
(65),  any  steam  generated  by  contact  with  the  upper  ends  of  the  tubes  rising,  together  with  the 
water  with  which  it  is  mingled,  through  the  passage  (C6),  and  "  solid  "  water  descending  through 
the  external  passages  (67)  to  take  its  place :  it  will  thus  be  seen  that  the  present  arrangement 
causes  the  steam  as  fast  as  formed  to  rise  with  the  water  instead  of  through  it,  which  results  in 
the  prevention  of  foaming  and  in  keeping  the  water  in  close  contact  with  the  heating-surfaces. 
The  passages  (67)  communicate  with  the  lower  region  of  the  boiler  by  long  narrow  ports  (671) 
running  transversely  of  the  boiler,  as  shown  in  Fig.  877,  which  produce  no  weakening  effect, 
because  their  combined  diameter  longitudinally  of  the  boiler  is  not  greater  than  that  of  the  rivet- 
holes  necessary  for  connecting  the  plates.  In  Fig.  875  the  damper  (54)  is  shown  located  at  the 
bottom  of  the  descending-flue  (46),  in  order  that  when  it  is  opened  any  accumulation  of  ashes  may 
be  discharged  into  the  box  beneath,  from  whence  it  is  readily  removable;  the  action  of  this 
damper  also  facilitates  the  kindling  of  the  fire. 

In  a  paper,  by  Charles  Wye  Williams,  printed  in  the  'Trans,  of  Inst.  N.  A.,'  on  the 
"  Construction  of  Marine  Steam-Boilers,"  Williams  says  that  it  is  highly  desirable  to  raise  a 
preliminary  question,  namely,  how  to  realize  the  greatest  calorific  effect  from  the  coal  by 
generating  the  largest  amount  of  heat ;  and  it  is  only  when  this  is  effected,  that  we  come, 
practically,  to  the  application  and  utilization  of  that  heat  in  the  boiler,  and  thus  to  generating 
the  largest  quantity  of  steam.  In  speaking  of  the  power  by  which  the  engine  is  made  available, 
we  rightly  refer  to  the  steam  itself.  So,  when  we  speak  of  the  amount  of  power  exercised,  we 
refer,  practically,  to  the  quantity  of  steam  generated.  We  may  here,  then,  discard  the  term 
pressure,  so  much  commented  on,  because  this,  when  rightly  understood,  represents  but  the  mere 
quantity  confined  within  the  volume  of  the  boiler.  On  what,  then,  does  this  quantity  depend  ? 
not,  certainly,  on  the  mere  weight  of  coal  consumed,  since  any  weight  may  be  so  misapplied  or 
wasted  under  an  inefficient  boiler  as  to  have  little  effect  on  the  quantity  of  steam  generated.  In 
the  generation  of  heat,  the  only  ingredients  are  the  fuel  and  the  air.  Their  successful  combination 
belongs  to  the  proportions  and  appendages  of  the  furnace,  wholly  apart  from  the  boiler  placed  over 
it,  the  result  depending  solely  on  the  perfection  with  which  that  combination  is  effected.  Now, 
that  combination,  says  Williams,  is  a  purely  chemical  process,  and  is  determined  by  the  union  of 
due  equivalents  of  the  air  and  fuel.  The  perfection  of  this  process,  however,  be  it  ever  so 
complete,  has  no  fixed  relation  to  the  amount  of  steam  generated.  To  speak,  then,  in  the  fashion 
of  the  day,  of  the  evaporative  value  of  any  description  of  coal,  is  at  once  incorrect,  delusive,  and 
unmeaning.  Strictly  speaking,  there  is  no  such  thing  as  an  evaporative  value  in  coal,  although  we 
can  well  understand  its  heat-generating  or  calorific  value.  The  generation  of  heat  is  a  wholly 
different  thing  from  its  application.  The  importance  of  this  distinction  has  yet  to  be  appreciated 
by  practical  engineers.  As  the  generation  of  heat  is  the  peculiar  province  of  the  furnace,  or 
alembic,  in  which  the  combustible  fuel  and  the  atmospheric  oxygen  are  to  be  combined,  so  the 
generation  of  steam  is  the  province  of  the  boiler,  and  to  this  latter  belongs  the  degree  of  perfection 
with  which  that  heat  will  be  transmitted  to  the  water,  and  steam  thus  produced. 

We  have,  then,  two  distinct  processes  or  operations  to  consider :  first,  the  generation  of  the 
heat ;  and  secondly,  its  application,  involving  the  heat-transferring  property  of  the  boiler-plates 
as  the  direct  cause  of  the  generation  of  steam.  To  the  confusion  which  has  hitherto  prevailed 
in  reference  to  these  distinct  processes  may  be  attributed  the  absence  of  attention  to  the  propor- 
tions, conditions,  and  separate  functions  of  the  furnace  and  the  boiler.  The  consequence  of  this 
confusion  is,  that  a  wrong  direction  continues  to  be  given  to  the  inquiries  of  even  the  most 
ingenious  and  practical  men.  While  we  have  been  endeavouring  to  ascertain  the  relative  calorific 
(erroneously  called  the  evaporative)  values  of  different  kinds  of  coal,  we  should  have  been  con- 
sidering the  relative  heat-transmitting  properties  of  the  different  kinds  of  boilers.  Of  this  we 
have  a  notable  instance  in  the  late  commission  issued  under  the  direction  of  the  Admiralty  to 
inquire  into  the  kind  of  coal  best  suited  for  steam-vessels  of  war,  but  in  which  no  reference 
whatever  was  made  to  the  peculiarities  and  imperfections  of  the  boiler  employed,  and  hence  the 
unsatisfactory  character  of  the  results,  as  will  hereafter  be  shown.  On  this  head  we  have  also  a 
report  from  the  late  H.  De  la  Beche  and  Lyon  Playfair  on  the  so-called  "  evaporative  power  and 
value  of  the  North  of  England  and  South  Wales  coal."  This  report  assigns  to  the  latter  an 
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evaporative  value  which  is  purely  theoretical,  and  altogether  erroneous  and  misleadin*     IB  i 
we  detect  the  grave  error  of  confounding  calorific  with  evaporative  power,  which  are  the 
to  be  identical. 

In  considering  the  calorific  value  of  any  description  of  coal,  we  cannot  omit  estimatin*  thai 
waste  of  its  constituents  which  goes  to  the  production  of  smoke,  and  the  deposit  of  M  withi! 
non-conducting  property,  but  which  forms  no  part  in  a  theoretic  estimate  of  its  calorific  wooe 
On  this  point  B.  Murray  has  offered  some  remarks  which  here  demand  attention  "  llowever 
desirable  it  may  be,"  observes  Murray,  " in  other  respects,  to  ' burn  smoke,'  by  admitting  a 
the  furnace  above  the  bars,  this  is  not  always  found  to  be  an  economical  process"  It  is  to  be 
regretted  that  he  has  offered  no  evidence  in  justification  of  this  statement,  which  says  William* 
I  hold  to  be  the  very  reverse  of  fact.  I  can  at  any  time  show  a  boiler  in  daily  work,  in  whichTn-H 
only  the  full  calorific  value  of  each  description  of  coal  may  be  ascertained,  but  in  which  the 
economy  of  combustion  with,  and  without,  smoke,  is  indicated  with  the  greatest  certainty 
Again,  Murray  in  his  paper  observes,  "  the  burning  of  smoke,  as  it  is  called,  by  artificial  methods! 
has  not  proved  very  successful  in  economizing  fuel ;  but  that,  by  proper  firing,  and  by  admitting* 
little  air  through  the  doors,  black  smoke  may  be  prevented  from  being  formed,  and  more  economy 
would  in  that  way  be  realized  than  by  using  artificial  means  for  burning  the  smoke."  In 
making  these  assertions,  Murray  should  have  supplied  some  information  as  to  what  he  means  by 
the  term  "  artificial"  ;  what  it  is  that  he  characterizes  as  "proper  firing";  and  what  is  meant  by 
"a  little  air."  Murray,  observed  Williams,  must  have  been  looking  at  some  of  the  scores  of 
patents,  ingeniously  varied  and  elaborated  as  mere  commercial  speculations,  for  effecting,  by 
costly  apparatus,  the  "  burning  of  smoke  " ;  and  which  may  truly  be  called  "  artificial,"  including 
the  most  absurd  of  all,  the  heating  of  the  air.  But  if  he  will  refer  to  the  Newcastle  experiment* 
he  will  find,  not  only  that  smoke  may  be  prevented,  but  that  a  considerable  economy  may  at 
the  same  time  be  uniformly  realized.  As  to  the  term  artificial,  if  that  be  applied  to  the  method 
of  introducing  atmospheric  air,  in  divided  streams,  into  the  furnace,  a  system  which — in  continua- 
tion Williams  goes  on  to  say — I  have  employed  for  many  years  with  very  great  advantage,  I  can 
only  say  that  Murray  may  with  equal  propriety  characterize  as  artificial  the  method  of  allowing 
water  to  issue  through  the  perforations  in  the  rose  of  the  common  watering-pot,  instead  of  its 
passing  in  an  undivided  stream,  as  when  the  rose  is  removed.  This  action  of  the  rose  is  identical 
with  the  mode  recommended  for  bringing  the  air,  in  divided  portions,  to  the  gas  in  the  furnace, 
for  the  purpose  of  a  more  rapid  intermixture.  As  to  admitting  a  little  air,  it  would  appear  that 
the  author  alludes  to  the  common  practice  among  stokers  of  opening  the  doors  to  a  small  extent. 
It  ought  to  be  remembered,  however — what  every  chemical  authority  states — that  the  10,000 
cub.  ft.  of  gas  generated  from  a  ton  of  Newcastle  coal,  absolutely  require  for  their  combustion  no 
less  than  100,000  cub.  ft.  of  atmospheric  air,  and  practically,  as  Daniel  observed,  require  fully 
double  that  quantity  for  the  ordinary  working  of  a  furnace ;  and  this  independently  of  the  200,000 
cub.  ft.  required  for  the  coke  or  fixed  portion  of  the  same  ton  weight,  and  which  must  pass  up 
from  the  ash-pit.  The  following  proof  of  inattention  to  these  large  quantities  may  here  be  men- 
tioned. In  a  large  steamer  with  great  power,  a  difficulty  was  experienced  in  raising  the  required 
quantity  of  steam,  and  the  continued  discharge  of  the  densest  smoke  (where  the  engineer  had 
undertaken  that  there  should  be  none)  caused  great  annoyance.  The  remedy  adopted  was  the 
passing  of  one  of  the  2J-m.  tubes  through  the  smoke-box  into  the  stoke-room,  and  thus  allowing 
the  air  to  pass  through  it  to  the  gases  before  entering  the  tubes  I  It  need  only  be  observed  that 
it  had  no  more  effect  than  if  the  nozzle  of  a  common  hand-bellows  had  been  applied.  To  sosak, 
then,  of  allowing  a  little  air  to  enter  by  the  doors,  seems  likely  to  mislead,  where  such  larg* 
quantities  of  air  are  chemically  essential  to  the  process.  Williams  further  asks,  Where  else,  then, 
above  the  fuel,  that  is,  in  the  chamber  of  the  furnace  (as  in  the  retorts  in  the  gas-works  X  can  UM 
combustible  gas  be  met  with,  or  where  else  can  this  enormous  quantity  of  air  be  required  to  eflwt 
the  necessary  union  and  combustion,  without  which  the  full  calorific  and  economic  value  of  UM 
coal  cannot  be  realized  ? 

In  great  operations  like  these,  there  can  be  no  advantage  in  neglecting  or  counteracting  t 
demands  of  nature,  or  in  checking  the  operation  of  nature's  laws.    All  admit  that  gas  to  generated 
from  coal,  on  its  being  heated ;  that  atmospheric  air  is  essential  for  the  combustion  of  that  no,  and 
that  the  two  must  be  intermixed  for  chemical  combustion;  yet  we  violently  interfere  by  allo 
neither  time  nor  space  for  these  operations,  and  in  most  cases  absolutely  prohibit  the  intm 
of  any  air  at  all,  by  the  interposition  of  closely-fitting  doors !   What,  then,  win  wo  expect  but  taper 
fection  in  the  process  and  the  most  unsatisfactory  results !  Is  it  not.  in  truth,  worse  than  stupid 
or  folly  to  neglect  the  conditions  and  means  by  which  alono  the  constituents  of  the  ft 
enabled  to  unite,  and  combustion  be  effected,  or  the  full  calorific  value  of  the  coal  be  re 

On  one  occasion  which  came  within  my  own  notice,  ami  win-re  the  door-plate  boxhad 
fitted  with  the  proper  number  of  orifices,  the  engineer  observed  that  my  own  plan  hud  beta  ado 
In  reply,  I  asked  if  he  had  ascertained  that  any,  even  the  smallest  quantity  of  air  had  passe 
through  the  300  J-in.  orifices.    The  orifices  were  duly  provided,  nnd  it  was  assumed,  as  i 
of  course,  that  the  air  would  enter  through  them.    On  inve.-ti^i>ti»n.  huwcvrr,  it  was  f 
no  air  whatever  had  passed  inwards  through  those  holes.    The  furnace-bars  being 
the  chamber  so  shallow  that  the  fuel  actually  touched  the  crown  of  the  furnace,  the  h 
the  bars  were  necessarily  uncovered,  and  the  volume  of  air  which  UHTP  entered  ****° 1 
space  over  the  bridge  was  insufficient  for  its  passage,  and  eon-.-.|uently.  instead  < 
inwards  through  the  perforated  door-plate,  much  of  the  nir  and  products  of  combo 
included)  actually  went  the  wrong  way,  returning,  and  forcing  the  flame  •fj'" 
and  outwards  through  the  holes,  so  as  to  destroy  the  door,  producing  what  is  know 
"  back-draught." 

Williams,  in  continuing  this  argument,  remarks  that  Murray  has  *i*1f> 
economy  not  effected  by  admitting  air  into  the  furnace  above  the  bars,  bi 
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is  necessary  for  the  dae  regulation  of  the  quantity  of  air  thus  admitted  through  the  fire-doors." 
To  these  btateinents,  says  Williams,  I  can  in  no  way  assent.  The  following  proofs  may  at  any 
time  be  tested  by  Murray  in  my  own  furnace  and  boiler,  which  are  freely  used  by  the  coal-owners 
of  Lancashire  and  other  counties  for  testing  the  calorific  values  of  their  several  coals,  as  before 
shown.  Throughout  the  following  experiments  the  same  coal  was  used.  In  No.  1,  the  air  was 
freely  admitted  through  342  J-in.  holes  in  the  door-box,  as  was  done  at  Newcastle,  no  caution 
whatever  being  necessary.  In  No.  2,  these  orifices  were  closed,  and  the  door  was  the  ordinary  one 
as  generally  used. 


No.  1    .. 

Coal  used. 

Water 
evaporated. 

Water 
evaporated 
per  Ib.  of 
CoaL 

Pyrometer  Heal 
in  Chimney  of 
escaping 
Product 

Remarks. 

Ibs. 
268 

Ibs. 
2534 

Ibs. 
9-45 

12°12 

No  smoke. 

No.  2    .. 

395 

1781 

4-50 

847 

Much  smoke. 

With,  reference  to  the  absence  of  economy  on  the  one  hand,  and  the  "  considerable  caution  " 
required  on  the  other,  I  here  quote,  in  further  opposition  to  both  assertions,  the  words  of  the  three 
professional  umpires  at  Newcastle — Armstrong,  Richardson,  and  Longridge — on  the  point  of 
admitting  the  air  at  the  door-end  of  the  furnaces.  In  their  published  reports  they  say,  as  to  steam 
generated,  "  there  was  a  large  increase  above  the  standard  in  every  respect."  Again,  "  The  pre- 
vention of  smoke  was,  we  may  say,  practically  perfect."  Again,  "No  particular  attention  was 
required  from  the  stoker ;  in  this  respect,  the  system  leaves  nothing  to  desire." 

41  The  results  show  a  large  increase  above  the  standard  in  every  respect.  The  prevention  of 
smoke  was,  we  may  say,  practically  perfect,  whether  the  fuel  burned  was  15  Ibs.  or  27  Ibs.  per 
sq.  ft.  per  hour.  Indeed,  in  one  experiment  we  burned  the  extraordinary  quantity  of  37J  Ibs.  of 
coal  per  sq.  ft.  per  hour  upon  a  grate  of  15i  sq.  ft.,  giving  a  rate  of  evaporation  of  5J  cub.  ft.  of 
water  per  hour  per  sq.  ft.  of  fire-grate,  without  producing  smoke.  No  particular  attention  was 
required  from  the  stoker ;  in  fact,  in  this  respect  the  system  leaves  nothing  to  desire,  and  the  actual 
labour  is  even  less  than  that  of  the  ordinary  mode  of  firing." — Report  on  Williams'  System. 

"  Mr.  Williams'  system  is  applicable  to  all  descriptions  of  marine  boilers,  and  its  extreme  sim- 
plicity is  a  great  point  in  its  favour." — Report  of  Armstrong,  Richardson,  and  Longridge. 

In  further  corroboratiou  of  these  returns,  we  have  also  the  authority  of  the  two  professional 
gentlemen,  Miller  and  Taplin,  deputed  by  the  Admiralty  to  report  on  "  the  evaporative  power  and 
economic  value  of  the  Hartley  coal  and  Welsh  steam-coal."  Li  their  report  they  state  that  they 
inspected  a  modification  of  Williams'  plan  for  the  admission  of  air  into  the  furnace,  and  found  the 
prevention  of  smoke  to  be  almost  perfect.  Also,  that  on  the  3rd  of  August  they  inspected  the  appa- 
ratus in  the  '  Expert,'  steam-tug,  and,  "  as  they  were  on  board  for  several  hours,  they  had  every 
opportunity  of  seeing  the  effect  of  making  and  preventing  smoke ;  and  although  there  was  no  very 
careful  stoking,  yet  the  prevention  of  smoke  was  almost  perfect." 

Having  explained  the  necessity  of  considering  the  calorific  or  heat-generating  property  of  the 
coal,  apart  from  the  steam-generative  property  of  the  boiler,  Williams  next  examines  the  latter  in 
reference  to  its  heat-absorbing  faculty. 

In  coming  to  consider  more  closely  the  heating-surface  of  the  tubular  system,  Wye  Williams 
observed,  I  would  first  insist  upon  the  importance  of  increasing  the  efficiency,  rather  than  the 
mere  gross  area,  of  such  surface.  This  should  be  the  first  consideration.  The  area  of  surface  in 
the  boilers  of  the  present  day  is  already  greater  than  would  be  necessary  were  it  more  efficient  as 
a  heat-transmitter.  Numerous  instances  indeed 
might  here  be  given  of  a  very  large  reduction  of 
the  surface  having  been  made  by  the  removal  of 
many  tubes  without  any  appreciable  result.  I  have 
even  known  boilers  to  be  improved  by  having 
several  tubes  removed  and  the  tube-plate  patched 
over  the  places  from  which  they  were  taken  out. 
The  accompanying  drawing,  Fig.  878,  of  the  face- 
plate of  the  Holyhead  steamer,  the  'Anglia,' 
illustrates  a  case  of  this  kind.  The  question  of 
efficiency,  as  contrasted  with  mere  area  of  heating- 
surface,  is  by  far  the  most  important,  although, 
strange  to  say,  it  is  the  most  neglected.  In  this 
direction  alone  may  we  expect  the  greatest  mea- 
sure of  improvement  of  which  boilers  are  suscepti- 
ble. The  evil  of  an  insufficiency  of  steam,  not- 
withstanding an  ample  area  of  so-called  heating- 
surface,  at  once  raises  the  question  as  to  the 
demerits  of  the  tubular  system.  The  prevailing 
type  of  modern  boilers,  whether  for  railroads  or  for 
t-team  navigation,  is  characterized  as  the  multitu- 
bular  boiler.  In  the  multitubular  system  the  heated  products  pass  from  the  furnace  through  a 
series  of  metallic  tubes,  varying  from  6  to  10  ft.  in  length,  and  from  1£  to  3  in.  in  diameter.  The 
avowed  object  of  this  subdivision  is  to  increase  the  aggregate  of  surface  to  which  the  heat  is 
applied.  This  system  of  subdivision  of  the  heated  matter  is,  however,  prejudicial  both  in  a 
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chemical  and  mechanical  point  of  view,  by  attenuating  its  effect.     Tins  type  of  boiler  bein* 
now  so  general,  an  inquiry  into  its  origin  is  not  only  necessary  in  explanation  of  it*  adouti 
but  as  a  means  of  tracing  and  correcting  the  error  into  which  we' have  fallen. 

The  tubular  system  was  first  adopted  by  George  Stephenson  in  the  locomotive  the  '  Rocket* 
by  which,  in  1830,  he  won  the  prize  of  500Z.  on  the  Manchester  and  Liverpool  Railway  The  use 
of  tubes  in  the  'Rocket,'  at  the  suggestion  of  Henry  Booth,  the  treasurer  and  most  influential 
member  of  the  company,  was  then  accompanied,  not  for  the  first  time,  be  tt  otorwdL  with  the 
passing  of  the  waste  steam  from  the  cylinders  through  the  chimney.  The  result  of  this  combina- 
tion of  tubes  and  artificial  draught  was  so  successful  and  so  unexpected  as  at  once  to  be  considered 
conclusive,  and  to  leave  no  room  for  doubt  or  inquiry.  The  steam-jet  in  the  chimney  created  in 
fact,  so  powerful  a  draught  as  to  secure  an  adequate  combustion  of  the  fuel,  with  the  generation 
of  a  corresponding  sufficiency  of  heat,  while  the  tubes,  by  reason  of  the  large  nurface  they  pre- 
sented, were  assumed  to  supply  the  other  desideratum— the  application  of  that  beat  in  the 
generation  of  steam.  Had,  however,  the  two  principles  been  separately  applied  and  examined, 
and  estimated  according  to  their  relative  and  respective  merits — which  never  was  done— it  would 
have  been  found  that  nearly  the  whole  of  the  favourable  result  obtained  was  really  owing  to  the 
steam  chimney-jet,  and  the  powerful  draught  it  occasioned.  The  value  of  the  combined  action 
of  the  jet  and  of  the  tubes,  however,  was  taken  for  granted,  and  has  since  been  considered  the 
perfection  of  efficiency. 

The  value  of  the  steam-jet,  and  of  the  increased  draught  it  occasions  in  locomotives,  baa  been 
too  well  established  to  require  any  remarks ;  I  will  (continues  Williams)  therefore  confine  mywlf 
to  the  use  of  the  tubes.  It  is  manifest  that  the  main  difficulty  under  which  engineer*  abour,  as 
regards  marine  boilers,  consists  in  providing  adequate  heat-transmitting  surface.  This  difficulty 
early  suggested  itself  to  the  elder  Stephenson.  Smiles,  in  his  biography,  tells  us  that  his 
son,  the  late  lamented  Robert  Stephenson,  observed,  "  Other  engines  with  a  variety  of  construc- 
tions were  made,  all  having  in  view  the  increase  of  the  heating-surface,  as  it  became  obvious  to 
my  father  that  the  speed  of  the  engine  could  not  be  increased  without  increasing  the  evaporative 
power  of  the  boiler."  This  inference  was  strictly  correct ;  his  error  (hitherto  nnexamined  and 
uncorrected)  lay  in  the  hasty  and  inconsiderately-formed  assumption  that  an  increase  in  tho 
evaporative  or  steam-generative  power  would  necessarily  be  secured  by  an  increase  in  the  tubular 
surface.  This  error,  therefore,  naturally  led  him  to  an  extension,  not  only  of  the  number  of  the 
tubes,  but  to  give  them  the  length  of  even  13  ft.  So  fully  was  Robert  Stephenson  impressed  with 
the  idea,  that  he  observed,  "  The  power  of  generating  steam  was  prodigiously  increased  by  the 
addition  of  the  multitubular  system."  That  this  inference  was  erroneous,  is  clear  from  the  fact 
that  the  '  Rocket '  had  but  twenty-five  tubes  of  3  in.  in  diameter  and  6  ft.  long,  and  the  entire 
tubular  surface  had  but  the  insignificant  aggregate  of  117J  sq.  ft. — an  amount  of  surface  which 
would  excite  the  smile  of  modern  engineers  at  the  idea  of  its  "prodigiously  increasing"  the 
generation  of  steam.  The  insufficiency  of  so  small  an  amount  of  surface  to  produce  any  notice- 
able effect  was  subsequently  demonstrated  by  the  fact  that  in  the  Newcastle  boiler  (to  which  wa» 
applied  the  apparatus  to  which  the  prize  of  5001.  was  awarded)  an  addition  of  forty  tubes  with  a 
surface  of  320  sq.  ft.,  and  placed  under  the  most  favourable  circumstances  for  transmitting  heat, 
had  but  little  effect,  and  could  only  extract  45°  out  of  600°— the  temperature  of  the  heated  |>n»- 
ducts  passing  through  the  tubes.  "  The  heater,  which  was  used  for  the  purpose  of  heating  the 
feed-water,  slightly  increased  the  evaporative  effect  by  its  additional  absorbing  surface.  Thi« 
increase  was,  however,  much  less  than  might  have  been  expected  from  the  large  absorbing  surface 
of  the  heater,  which  contained  320  sq.  ft. ;  yet  it  was  found  that,  when  the  products  of  combustion 
before  entering  the  heater  were  at  000°,  the  passage  through  it  did  not  reduce  the  temperature 
more  than  40°  to  50°." — Report  of  Armstrong,  Richardson,  and  Longridge.  It  seems  strange  that 
this  fact,  so  suggestive,  and  so  prominently  noticed  and  recorded,  did  not  lead  to  furthrr  imiuiry 
as  to  the  cause  of  the  manifest  insufficiency  of  the  heat-transmitting  power  of  the  tubular  surface ; 
nevertheless,  this  combination  of  the  tube-surface  system  with  the  jet  remains  still  unquestioned. 
"The  superiority  of  the  arrangement  adopted  in  the  'Rocket.'"  observes  Bmilee,  "omubtet 
in  the  rapidity  of  combustion  in  the  fire-box  keeping  pace  with  the  rapidity  of  motion  in  the  1 
motive  itself;  for,  according  as  the  strokes  of  the  piston  in  the  cylinder  were  fast  or  alow,  «>*en 
also  the  jets  of  steam  thrown  into  the  chimney  on  which  depended  the  draught  of  heated  air 
through  the  tubes  of  the  boiler,  and  consequently  "  (a  manifest  non-sequitur)  ••  i 
generated  from  the  water  exposed  to  the  larye  extent  of  heating-surface  which  they  presented. 
we  see  no  indication  of  doubt  as  to  the  action  of  the  tubular  surface,  which  is  set  down  Ml 
questioned  source  of  the  generated  steam.  The  trial  with  the  'Rocket'  took  place  in  1880,  and 
the  supposed  steam-generating  value  of  tube-surface  remains  unquestioned  to  this  day. 

"  It  was  not  until  some  years  after,  when  the  tubular  system  was  introduced  into  I 
boilers,  that  I,"  adds  Wye  Williams,  "began  to  entertain  any  doubts  as  to  iU  merit*    Awi 
some  experiments  having  been  made  on  the  Manchester  and  Liverpool  Railway,  I 
in  1858  to  Dewrance,  then  chief  engineer  to  that  railway,  and  here  give  his  roply 
He  said:— 'In  reply  to  your  inquiries  as  to  the  experiments  made  by  navse] 
the  year  1842,  as  to  the  evaporative  effect  of  the  Mm  portion  of  a  kNMMtm  t-.il.  r.  I 
that  we  had  one  of  the  boilers  employed  on  the  Liverpool  and  Manchester    me  d 
separate  the  water  in  the  tubular  portion  of  tho  boiler  from  that  in  connect 
portion.     In  a  subsequent  experiment,  I  divided  a  small  boiler  into  six  different  eon 
that  I  could  ascertain  the  weight  of  water  evaporated  in  each.    The  first  c 
6  in.  long,  the  remaining  five  were  each  12  in.— the  tubes  being  6  ft.  0  in.  It 
that  each  square  foot  of  the  heat-absorbing  surface  in  the  first  compartment  was  a  ho 
square  footof  the  fire-box  surface.    In  the  «r.,n,l  compartment  onch  *jtmre  foot o! 
was  estimated  at  about  one-third  of  that  value;   but  in  tho  remaining  four 
evaporation  was  so  small  as  to  raise  a  doubt  on  my  mind  whotl.-r  it  ted 
I  came  to  the  conclusion  that  tho  first  6  in.  of  the  tubular  series  had  more  evaporative  el 
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the  remaining  60  in.'     Here  was  ample  encouragement  for  further  inquiry,  the  heat-transmitting 
property  of  the  tubular  surface  being  so  seriously  impugned.    A  similar  experiment  had  been 


le  by  the  late  Benjamin  Hick,  of  Bolton,  a  com- 
petent and  able  experimenter.  The  conclusion  that 
he  came  to  was,  that  each  10  ft.  of  tube-surface  had 
only  the  heat-transmitting  power  of  1  ft.  of  furnace- 
surface.  My  own  experience  goes  far  in  corrobora- 
tion  of  these  data,  as  will  presently  be  seen." 

To  exemplify  these  facts,  Williams  had  a  boiler 
BO  constructed  that  the  heat-transmitting  value  of 
each  lineal  foot  of  tube  should  be  indicated  with 
absolute  certainty.  The  tube  was  3f  in.  diameter, 
similar  to  those  in  the  'Eblana'  steamer.  It  was 
5  ft.  long,  and  divided  into  six  compartments  or 
separate  boilers,  as  shown  in  the  annexed  engra- 


ving.  Observing  that  the  boiling,  which  was  violent,  always  appeared  to  come  exclusively 
from  the  end  next  the  plate  in  which  the  tubes  were  inserted,  the  first  compartment  was  confined 
to  a  single  inch  of  the  tube,  the  second  to  10  in.,  and  the  remaining  four  compartments,  each  to 
12  in.  The  following  is  the  result  after  three  hours : — 


First  Compart- 
ment, of  1  inch, 
evaporated. 

Second,  of 
10  inches. 

Third,  of 
12  inches. 

Fourth,  of 
12  inches. 

Fifth,  of 
12  inches. 

Sixth,  of 
12  inches. 

Ibs.    oz. 
2    U 

Ibs.    oz. 
2     15 

Ib.    oz. 
1     14 

Ib.    oz. 
1     6 

Ib.    oz. 
1     2 

Ib.   oz. 
1     1 

Here  we  see  the  first  single  inch  of  the  tube  evaporated  nearly  as  much  as  the  adjoining  10  in., 
while  the  first  11  in.  did  more  than  the  remaining  48  in. 

Desiring  to  place  this  beyond  all  question,  and  thinking  that  objection  might  be  made  to  the 
results  obtained  from  a  single-tube  boiler,  Williams  subsequently  had  a  boiler  constructed  with 
twenty-five  tubes— the  exact  number  of  the '  Kocket '  boiler — 6  ft.  long,  and  2 £  in.  internal  diameter. 
This  boiler  he  divided  into  three  compartments,  by  water-tight  partitions  placed  1  ft.  from  either 
end,  thus  leaving  a  central  compartment  4  ft.  long.  Having  connected  this  boiler  with  a  suitable 
furnace,  he  found  that  the  water  in  the  first  compartment,  which  received  all  the  heat  transmitted 
through  the  tube-plate,  boiled  in  twenty-three  minutes  from  the  time  of  lighting  the  fires  ;  that  in 
the  second  compartment  it  took  forty-eight  minutes  to  boil ;  and  that  in  the  last  compartment  it  did 
not  boil  until  fifty-nine  minutes  had  elapsed.  During  three  hours  of  uniform  firing,  the  following 
results  were  obtained.  In  the  first  compartment,  a  foot  long,  240  Ibs.  of  water  were  evaporated ; 
in  the  second  compartment  an  average  of  only  70  Ibs.  of  water  for  each  foot  of  length  was 
evaporated ;  and  in  the  last  compartment,  a  foot  long,  only  50  Ibs.  of  water  were  evaporated. 

Having  thus  established  the  fact  of  the  great  evaporative  efficiency  of  the  first  compartment 
of  the  tube,  and  especially  of  the  first  inch,  in  length,  PRACTICALLY  THAT  OF  THE  FACE-PLATK, 
and  the  comparative  inefficiency  of  the  remaining  5  ft.,  it  became  necessary  to  examine 
the  cause  of  this  extraordinary  result,  to  find  out  how  it  happened  that  a  stream  of  heated 
products  at  a  temperature  above  600°  passing  continuously  for  three  hours  through  the  tube,  was 
incapable  of  transmitting  more  heat  to  the  last  12  in.  of  its  length  than  could  keep  the  tempe- 
rature of  the  water  at  180°.  In  the  fact  that  it  was  so,  we  at  once  see  the  inutility  of  increasing 
the  length  of  the  tube.  Let  us  first  examine  the  area  of  heating-surface  in  a  few  vessels  of  the 
largest  class.  The  published  authoritative  account  of  the  American  iron-clad  floating  battery,  by 
Mr.  Stevens,  gives  the  following  details : — 

sq.  ft. 

Tube-surface 23,380 

Furnaces 2,050 

Connexions       1,890 

Tube-sheets  680 


Total 


28,000 


Here  the  gross  area  of  tube-surface  is  estimated  in  the  same  category  with  that  of  the  furnace- 
aurface.  Now,  in  taking  the  true  value  of  tube-surface  as  stated  by  Dewrance,  or  Hick,  these 
nominal  23,800  sq.  ft.  would  be  at  once  reduced  to  2380 ;  and  this  most  probably  is  not  far  from 
the  truth.  Again,  take  the  tube-surface  of  the  late  Brunei's  boilers  in  the  'Great  Eastern' 
(which  are  constructed  on  the  same  principle  as  the  original  boilers  of  H.M.S. '  Terrible ')  for  each 
set  of  twenty-four  furnaces  (there  being  112  in  all)  at  6000,  and  of  furnace-plate  at  3000  sq.  ft.— 
say  28,000  ft.  of  tube-surface  in  all — and  then  see  what  a  serious,  though  unsuspected  reduction 
should  be  made  in  reducing  those  28,000  ft.  nominal,  to  effective  heat-transmitting  surface. 
Under  such  circumstances  we  cannot  doubt  the  imperious  necessity  of  the  furnace-forcing  system. 
Again,  let  us  examine  the  tube  and  furnace  surface  of  one  of  the  Holyhead  steam-packets  of  750 
nominal  horse-power : — 

Tube-surface  in  eight  boilers,  with  40  furnaces,  in  square  feet  ..      ..     15,600 

Furnace  ditto       1,960 

Back,  side,  and  top  of  uptake 1,108 

Tube-plates  between  the  tubes 316 

Total    ..      ..      ; 18,984 
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We  here  see  again  how  much  larger  in  proportion  is  this  nominal  r«6*«urfaoe  than  that  of  tha 
furnace,  and  how  much  more  serious  is  any  default  in  its  efficiency,  there  being  in  this  "ftttt  201 
superficial  feet  of  tube-surface  per  nominal  horse-power.  La  these 'boilers  the  tube*  are  6  ft  3  in 
long,  and  but  2J  in.  diameter. 

Again,  we  have  the  iron-clad  steam- vessel,  the  '  Warrior,'  the  type  of  whose  boilers,  according 
to  the  published  accounts,  is  identical  with  that  of  the  Holyhead  steam-packet*,  but  with  both 
tubes  and  grate-bars  6  in.  longer.  In  this  vessel  there  are  no  lesa  than  4400  bran  tube*  of  6  ft 
6  in.  long  by  2 J  in.  inside  diameter.  In  the  new  war-vessel,  the  '  Octavia,'  we  have  the  ««m 
identical  type  of  boiler,  and  excess  of  tube-surface. 

In  opposition  to  all  this,  Williams  stated  that  in  one  of  the  most  efficient  boilers,  as  regard*  tha 
sufficiency  of  steam,  in  the  fleet  of  the  City  of  Dublin  Company,  the  tubes  are  but  8  ft.  long.  Mi 
the  relative  proportion  of  tube-surface  to  flue-surface  is  but  as  2A  to  6A  the  nominal  bone- 
power.  The  contrast  is  most  remarkable.  The  merit  of  that  boiler  doubtless  arise*  bom  the 
circumstance,  that  the  shortness  of  the  tubes  leaves  a  large  chamber  for  the  combustion  of  the 
gases  to  complete  itself  in  before  the  products  approach  the  tubes. 

Now,  how  are  we  to  account  for  the  fact  that  the  several  designers  of  the  boilers  before  spoken 
of  have  adopted  almost  identically  the  same  description  of  boiler,  with  the  same  objectionable 
features  ?  At  first  sight,  it  would  appear  that  all  had  been  convinced  of  its  practical  superiority. 
This  would  be  a  reasonable  inference  had  it  been  the  result  of  well-established  experience.  No 
experiments,  however,  having  been  made  for  testing  the  heat-transmitting  power  of  tube-surface, 
apart  from  other  considerations,  we  have  no  alternative  but  that  of  attributing  this  singular 
coincidence  to  the  desire  of  avoiding  that  responsibility  which  would  attach  to  any  great  deviation 
from  existing  practice.  Here,  however,  we  have,  in  all,  the  same  objectionable  length  of  furnace- 
grates — the  same  absence  of  all  means  of  admitting  air  to  the  generated  gases — the  same  want  of 
space  between  the  fuel  and  the  tube-face  plates — and  the  same  absence  of  a  combustion-chamber, 
although  all  improved  locomotive  engineers  are  studious  in  providing  such  means  of  promoting 
the  use  of  coal  on  the  railroads. 

The  great  error  into  which  we  have  fallen,  in  the  absence  of  experiment,  is  an  over-estimation 
of  the  heat-transmitting  property  of  the  tube-surface.  In  our  calculation  of  the  steam-generatiTe 
power  of  the  boiler,  we  assume  it  to  be  always  proportional  to  the  number  of  square  feet  of  the 
surface  exposed.  Now,  this  calculation  is  made  without  reference  either  to  the  rapidity  with 
which  the  current  of  heated  products  passes  through  the  tubes — to  the  diminishing  rate  at  which 
the  tubes  transmit  heat  in  proportion  to  their  length — or,  worst  of  all,  to  the  direction  in  which 
these  products  strike  or  impinge  upon  the  tube-surface.  If  it  were  true  that  each  square  foot  of 
metallic  surface  really  possessed  a  given  or  known  amount  of  heat  absorbing  and  transmitting 
power,  whatever  that  might  be,  an  increased  number  of  square  feet  would  necessarily  represent  •> 
commensurate  increase  of  the  steam-generative  power.  The  real  value  of  the  so-called  beating- 
surface,  however,  depends  on  so  many  contingencies,  that  calculations  based  on  the  mere  gross 
area  of  surface  exposed  must  be  utterly  valueless.  We  have  here,  then,  the  important  question 
raised, — What  value  are  we  to  attribute  to  such  surfaces?  The  single  fact  of  the  tery  high 
temperature  of  the  escaping  products  in  the  chimneys  of  marine  boilers,  is  alone  conclusive  of  toe 
deficient  heat-transmitting  faculty  of  the  surface  of  the  tubes.  Our  purpose,  then,  should  be,  not 
to  increase  the  number  or  length  of  the  tubes,  or  the  sum  of  their  surface-areas ;  but  to  render 
these  surfaces  more  effective  as  heat-transmitters.  In  manifest  neglect  of  this  purpose,  we  find  in 
the  boilers  of  the  most  recent  construction,  and  even  in  war- vessels,  tha  greatest  possible  number 
of  tubes,  and  of  the  greatest  length,  crowded  together  without  regard  even  to  the  water-spaces 
between  them,  which  are  often  restricted  to  but  half-an-inch.  The  result  is,  that  in  the  absence 
of  sufficient  water-spaces,  particularly  at  the  end  where  the  heat  first  strikes  the  face-plate,  the 
tube-ends  are  exposed  to  the  greatest  heat,  and  they  soon  begin  to  weep ;  the  face-plate  iUdf 
begins  to  crack,  and  the  space  where  the  water  should  have  the  freest  circulation  becomes  cooked 
up  with  the  solid  matter  of  incrustation.  Samples  of  this  matter  here  exhibited  afford  sufficient 
proof  of  the  fact. 

Wye  Williams  remarks  that,  in  a  recent  publication,  we  are  told  that  "  marine  l> 
5  sq.  ft.  of  heating-surface,  and  one-fifth  of  a  square  foot  of  fire-grate  surface  for  every  indicate 
horse-power."    Here  is  a  calculation  supposed  to  be  based  upon  some  reliable  data;  we  i 
however,  that  all  such  calculations  are  but  as  the  "baseless  fabric  of  a  vii-i"M." 
indeed,  if  the  writer  had  ever  inquired  what  the  value  of  a  square  foot  of  heating 
fire-grate  surface,  really  was  ?    Yet,  from  the  affected  precision  of  the  author  11 


we  might  be  led  to  suppose  that  both  had  been  reduced  to  some  standard,  or  in  fact  wen 
Nothing,  however,  can  practically  be  more  vague  and  misleading.    Tho  vnlue  of  a  sj] 
&re-grate  surface,  for  instance,  will  depend :   first,  on  the  nature  of  the  coal  i 
otherwise;   second,  on  the  quantity  of  gas  it  produces;  and  third   on  t» 
passing  through  the  furnace  from  the  ash-pit.    On  the  other  hiui.l.  tl 
of  AeatiM-surface  will  depend  mainly  on  the  direction  in  which  the  curron 
obtains  contact  with  the  metallic  surface.    This  last,  though  the  main 
strange  to  say,  is  the  very  one  which  is  not  only  overlooked,  but  ftfcv 


vi  me  practical  errors  committed  in  the  mode  of  estimating  the 
the  tube-surfaces,  we  have  an  instance  in  a  recent  pobUenOon  |>i 
most  improved  systems,  where  it  is  stated,  as  a  leading  j.rin.-ipl.-,  thnt  direct 
absorbing  surfaces  should  be  avoided.    That  this  in  a  prevailing  error  is  con 
Murray,  who,  in  one  of  his  publications,  has  laid  it  down  as  a  Princi|.l.-  tl. 
avoided" i  in  other  words,  that  the  current  of  li.iit.-d  matter  pawing  thmngh 
not  be  broken,  bent,  or  intemipted,  or  the  rtntigM  lino  of  th.-ir  mur*  ML     • 

Williams,  in  the  paper  from  which  this  extract  is  taken,  I  am  prepared  to  prort,  on 
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that  the  direct  reverse  of  this  instruction  is  essential  to  success ;  and  upon  this  I  insist.  If  the 
author  had  said,  that  the  direct  impact  of  flame  should  be  avoided,  with  the  view  of  preventing 
the  formation  of  smoke  and  soot,  he  would  have  stated  a  correct  chemical  fact.  Direct  impact 
of  tho  heated  products,  after  the  combustion  of  the  carl>on  of  the  flame,  is,  however,  precisely 
•what  should  be  promoted.  Practically,  it  will  be  shown  that  the  absence  of  direct  impact  is  the 
main  source  of  inefficiency  of  modern  tubular  boilers,  and  the  cause  of  that  great  escape  of  heat 
by  which  the  uptake  and  chimneys  of  marine  boilers  are  BO  over-heated  and  destroyed.  And  in 
this  respect,  I  hesitate  not  to  say  that  the  multitubular  system  is  largely  and  radically  deficient 
in  the  heat-transmitting  faculty.  The  main  point,  then,  for  consideration  is,  how  to  make  any 
given  surface  more  effective  as  a  heat-transmitter,  and  what  are  the  conditions  on  which  the 
transmission  of  heat  depends.  This,  cceteris  paritm*,  as  regards  the  rate  of  current  of  the  heated 
products,  will  depend  on  the  direction  in  which  those  products  are  brought  into  contact  with  the 
plate  or  tube-surface — whether  by  a  direct,  diagonal,  or  parallel  action.  On  this  point  it  may  be 
stated,  as  the  result  of  actual  observation  and  experiment,  that  a  square  foot  of  surface  on  which 
the  heated  current  strikes  with  a  direct  impact  (that  is,  at  right  angles  to  the  surface)  will  be 
equal  to  4  ft.  where  the  direction  is  diagonal,  and  to  double  that  where  the  current  runs  parallel, 
or  in  the  same  plane  as  the  metallic  surface.  In  estimating  the  action  of  a  heated  current 
passing  through  tubes,  we  ordinarily  overlook  the  fact  that  gaseous  matter  (that  is,  the  products 
after  combustion),  whatever  may  be  its  temperature,  radiates  but  little,  if  any,  heat.  Radiation 
can  alone  proceed  from  solid  matter.  It  is  this  which  enables  visible  flame  to  radiate  so  power- 
fully ;  visible  flame  being  merely  an  aggregate  of  myriads  of  solid  carbon  atoms,  still  unconsumed, 
and  at  a  white  heat,  or,  as  estimated  by  Davy,  at  3000°.  Now,  the  products  of  flame,  after 
combustion,  and  when  passing  through  the  tubes,  -are  transparent,  and  transmit  little  or  no  heat 
by  radiation.  It  is  by  their  contact  alone  with  the  metallic  surface  that  heat  is  communicated 
and  transmitted. 

Again :  that  but  little  heat  is  transmitted  when  smoke  is  formed  in  a  flue  or  tube,  Willinms 
goes  on  to  say,  I  have  repeatedly  proved,  by  the  introduction,  through  the  smoke-box,  and  into  the 
tubes,  of  an  iron  rod,  to  the  end  of  which  were  attached  pieces  of  paper  and  shavings.  After 
remaining  some  time,  they  have  been  withdrawn,  yet,  although  their  outsides  have  been  covered 
with  black  soot,  their  insides  have  not  even  been  discoloured  by  heat.  ,When,  therefore,  we  see  a 
volume  of  smoke  issuing  from  the  chimney,  we  may  be  assured  that  the  tubes  are  full  of  it,  and 
that  the  temperature  within  them  is  not  much  greater  than  the  hand  could  bear. 

Let  us  now  suppose  a  column  of  heated  products  entering  and  passing  througrh  a  tube,  as  a 
cylindrical  shot  does  through  a  cannon.  Contact  is  then  alone  obtained  between  the  outside  sec- 
tion of  such  column  and  the  metallic  surface.  This  section  having  given  out  as  much  heat  as 
possible  in  the  fraction  of  a  second  (the  time  which  its  transit  occupies),  the  interior  portion  of 
such  column  passes  onwards  undisturbed,  carrying  its  initial  temperature  to  the  exit.  In  no 
other  way  can  we  account  for  a  column  of  products  above  600°  of  temperature,  passing  continuously, 
and  for  hours,  through  and  along  the  interior  surface  of  a  tube,  and  yet  giving  out  no  more  heat 
than  can  keep  the  water  at  180°. 

Let  Fig.  880  represent  a  longitudinal  section,  Fig.  881  a  cross-section  at  the  entrance,  and 
Fig.  882  a  similar  section  at  the  exit  of  a  tube.  The  several  lines  are  here  supposed  to  represent 
the  sections  or  strata  of  the  heated  products  passing  through  it,  entering  at  a  temperature  of  700°, 
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and  issuing  at  540°.  In  this  case,  the  outer  section,  being  next,  and  in  contact  with,  the  iron-tube 
surface,  will  give  out  heat,  and  be  reduced,  say  to  300°,  on  arriving  at  the  end  of  the  tube.  But 
what  is  to  cause  any  interchange  of  position  between  it  and  the  other  strata  ? 

To  sum  up  the  objectionable  features  of  the  tubular  system — as  exhibited,  for  example,  in  the 
accompanying  diagram,  Fig.  883,  which  represents  a  boiler  of  the  modern  type,  as  fitted  in  a  large 
packet  belonging  to  the  City  of  Dublin  Steam-Packet  Company — they  consist :  1st.  In  an  extreme 
length  of  fire-bar  surface,  often  amounting  to  above  7  ft.,  a  length  which  absolutely  precludes  the 
possibility  of  a  stoker  keeping  the  back-end  sufficiently  covered  by  fuel.  2nd.  In  long  shallow 
furnace-chambers,  in  which  the  solid  fuel  on  the  bars  necessarily  occupies  the  entire  space,  reach- 
ing to  the  very  crown-plates,  as  shown  in  the  diagram — an  arrangement  by  which  neither  time  nor 
space  is  allowed  for  that  gradual  mixing  and  diffusion  of  the  air  with  the  gas  generated  from  the 
mass  of  fuel,  which  are  the  sine  qua  nan  of  perfect  combustion :  in  this  respect  we  have  the  ordinary 
practice  directly  opposed  to  the  sound  conditions  stated  by  Mr.  Murray,  when  he  describes  the 
value  and  necessity  of  "large  and  high  furnaces.''  3rd.  In  the  absence  of  due  provision  for  the 
admission  of  the  air  either  in  suitable  quantity,  proportioned  to  the  large  evolution  of  gas,  or  in  a 
manner  adapted  to  its  admixture  and  diffusion  with  the  gas.  4th.  In  long  and  shallow  ash-pits,  by 
which  the  air,  instead  of  gradually  ascending  through  the  bars  from  front  to  rear,  is  forced  into  a 
rapid  current  towards  the  farther  end,  where  it  is  forced  upwards  with  increased  velocity,  through 
the  fuel  on  the  farther  ends  of  the  bars,  with  the  force  of  an  artificial  blast,  causing  a  rapid  com- 
bustion in  that  quarter,  and  thus  leaving  the  bars  uncovered,  and  the  air  free  to  pass  upwards  in 
a  mass.  5th.  In  the  absence  of  provision  for  the  admission  of  a  supplementary  quantity  of  air 
behind  the  bridge.  It  is  evident  that  where  the  furnace  is  long  and  shallow,  as  in  Fig.  883,  the 
fuel  considerable,  and  the  gas  evolved  necessarily  great  in  quantity,  any  air  that  could  possibly  be 
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introduced  at  the  door-end  most  be  wholly  insufficient  for  the  combustion  of  that  en*    In  «neh  n 
the  required  quantity  of  air  must  be  supplemented  from  the  ash-pit  and  behind  the  bride 
engraving  Fig  884,  shows  the  mode  in  which  this  was  effected,  and  the  air  introduced 
series  of  J-in.  holes  in  one  of  the  City  of  Dublin  steam-packets,  and  with  decided 
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cost  of  the  apparatus  was  too  insignificant  to  merit  attention.  6th.  In  the  trant  of  sufficient 
between  the  bridge  and  tubes,  as  a  chamber  in  which  the  necessary  admixture  of  the  air  and  the 
gas  may  be  effected  for  combustion.  Experience  proves  that,  whatever  may  be  the  construction  of 
the  furnace  or  the  boiler,  a  distance  of  from  6  to  8  ft.  is  absolutely  necessary  for  that  purpoae.  In 
this  respect,  boilers  on  the  plan  of  the  '  Great  Eastern's '  are  peculiarly  objectionable,  no  space 
whatever  being  allowed  for  the  combustion  of  the  large  volume  of  gas  generated  from  each  of  two 
long  furnaces,  which  meet  at  the  middle,  and  practically  form  one  furnace  of  18  ft.  in  length.  The 
result  is  that  much  of  the  gas  passes  unignited  and  unconsumed  through  the  tube*,  to  be  ignital 
at  the  wrong  end,  and  in  the  smoke-box,  where  it  meets  with  a  supply  of  air  coming  from  thoM> 
other  furnaces  in  which  the  fuel  at  the  time  happens  to  be  in  a  clear  state,  and  their  bar«  to  a  gnat 
extent  uncovered.  7th.  In  an  unnecessary  and  injurious  length  of  tube,  which  is  but  ML'htly 
instrumental  in  producing  steam,  as  will  hereafter  be  shown,  while  it  occupies  a  large  space,  much 
of  which  might  have  been  appropriated  as  a  chamber  for  the  combustion  of  the  gas,  aa  i*  done  In 
the  most  approved  locomotives.  8th.  In  the  absence  of  sufficient  space  for  the  presence  and  rir--u- 
lation  of  the  water  between  the  tubes,  and  especially  at  the  end  nearest  the  face-plate,  again»t 
which  the  flame  strikes  with  peculiar  energy.  In  this  respect,  the  marine  tubular  boiler  lulmurs 
under  a  serious  disadvantage  from  which  the  locomotive  is  exempt.  In  the  latter,  the  apace  occu- 
pied by  the  tubes  and  the  furnace  compartment  is  separate,  the  steam  generated  from  each  having 
its  own  proper  place  for  its  ascent.  In  the  marine  boiler,  however,  the  tube  series  being  placed 
directly  over  the  furnaces,  the  great  mass  of  steam  generated  directly  from  the  latter  baa  to  work 
its  way  in  its  ascent  through  spaces  which  are  not  above  $  or  j  of  an  inch  between  the  tube*. 
The  result  is  that  the  tubes  are  surrounded  by  the  mass  of  steam  rising  from  the  furnace*,  and 
which  practically  drives  the  water  before  it,  leaving  the  tubes  without  any.  In  this  rcaport,  th« 
system  is  again  directly  the  reverse  of  that  very  properly  insisted  on  by  Robert  Murray,  when  ho 
says,  "  that  the  steam  should  have  a  ready  escape  from  every  part  of  the  heated  Bunace."  In 
the  marine  boiler  we  see  that,  instead  of  a  ready  escape,  it  has  the  greatest  mechanical  obstruc- 
tions to  contend  with. 

I  must  be  allowed  here  to  remark  that  the  evils  which  I  have  pointed  out  are  not  peculiar  to 
the  boilers  of  any  particular  vessel,  or  set  of  vessels,  but  are  to  be  found,  on  the  contrary,  in  many 
of  the  finest  and  best  ships  in  existence,  including  the  '  Warrior '  and  '  Octavia '  men-of-war,  th« 
fast  Holyhead  packets,  and  many  other  first-class  vessels.  It  is  not,  then,  to  be  wondered  at  that 
the  coals  most  in  favour  are  not  those  which  would  give  the  greatest  calorific  effect,  if  duly  con- 
sumed, but  such  as  would  avoid  the  issue  of  dense  smoke,  and  thus  give  the  appearance  of 
economy.  It  will  be  presently  shown  that  the  absence  of  smoke,  in  some  description*  of  Welah 
voal,  is  no  proof  of  greater  heating  powers,  or  of  a  more  economic  fuel. 

Looking,  then,  at  the  comparative  inefficiency  of  the  tubes,  aa  steam  generator*,  with  the 
exception  of  the  first  12  or  18  in.  (which  includes  the  action  of  tin-  f-i-  .-}>Me*),  and  looking  abr> 
to  their  peculiar  position,  we  see  them  in  the  very  place  which,  mechanically  and  chc-mi« 
most  appropriate  for  the  combining  action  of  the  gas  and  the  air— in  a  VON,  f<T  i»  comb" 
chamber.     There  appears,  then,  no  alternative  but  that  of  dispensing  with  the  two  alt« 
long  straight  tubes  or  flues.    In  truth,  we  cannot  separate  the  existence  of  straight 
the  vice  of  having  the  current  of  heated  products  passing  in  the  same  plane  and  dirwrt 
surface  through  which  the  heat  is  to  be  transmitted.    In  this  abandonment  of  the  • 
system,  it  must  be  confessed  that  there  are  commercial  difficulties  which,  it  may 
materially  retard  this  useful  change.    On  discussing  the  subj,-<-t  with  a  well- 
showing  him,  practically,  the  inutility  of  the  tube-surface,  particularly  whore  k 
Williams  continued  to  say,  I  was  struck  with  the  difficulty  of  obtaining  I 
other  witnesses  expressed  their  entire  conviction  in  what  they  saw  produt 
boiler.    On  his  departure,  however,  the  mystery  was  solved,  and  mv  iurprn 
was  informed  that  he  was  largely  connected  in  Birmingham,  and  eve 
improved  mode  of  welding  them.     It  was  thus  manifest  that  I penoo 
opposed  to  change,  conviction,  or  improvement.    I  mav  hern  add  that  I 
and  boiler  makers  are  in  the  same  position,  and  have  largely  inverted  capital  in  the  tnanufi 
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of  tubes.  This,  while  it  accounts  for  the  difficulty  in  the  way  of  improving  our  boiler  system, 
inert-uses  the  fear  of  its  requiring  a  lengthened  period  before  the  necessary  change  and  improve- 
ment shall  be  realized.  \ 

1'inU-r  these  circumstances,  I  may  perhaps  be  permitted  to  surest  that  the  Admiralty,  who 
ran  have  no  personal  interest  in  the  manufacture  of  tubes,  have  it  in  their  power  to  do  the  public 
a  most  essential  service  by  instituting  inquiries  into  those  practical  defects  of  the  tubular  system 
to  which  I  have  drawn  attention,  and  by  lending  their  high  influence  to  remedial  changes.  It 
would  be  a  great  stimulation  to  the  progress  of  marine  engineering  if  they  would  do  this,  and  would, 
at  the  same  time,  institute  more  complete  and  satisfactory  tests  of  their  steam-ships.  Either  in 
place  of,  or  in  addition  to,  the  ordeal  of  the  measured  mile,  let  them  institute  lengthened  runs  at 
eea,  as  is  done  with  Clyde-built  vessels,  where  the  trial-trips  generally  involve  a  run  from  Greenock 
to  Liverpool.  In  these  trials  let  the  Admiralty  require  official  returns  involving  the  following  par- 
ticulars : — 1st.  The  speed  an  hour ;  2nd.  The  actual  weight  of  coals  used  an  hour ;  3rd.  The  degree 
to  which  smoke  is  produced  or  avoided ;  4th.  The  temperature  of  the  stoke-hole ;  5th.  The  tempera- 
ture of  the  escaping  products  in  the  uptake,  ascertained  by  the  pyrometer ;  6th.  The  weight  of 
clinker  and  its  peculiarities;  and  7th.  The  weight  of  incombustible  ash.  The  inspecting  officer 
should  also  be  required  to  report  upon  the  extent  to  which  forcing  of  the  fires  may  have  been 
resorted  to. 

It  will  be  observed  that  these  returns  involve  the  qualities  of  the  fuel  employed,  and  of  its 
fitness  for  use  in  the  furnaces  of  the  particular  ship  tested,  as  all  such  returns  undoubtedly  ought 
to  include  these  particulars.  In  order  to  show  that  there  is  no  great  difficulty  in  obtaining  such 
particulars,  I  may  mention  that  they  are  all  attended  to  in  the  tests  of  coal,  made  by  their 
respective  owners,  in  the  test-boiler  of  the  City  of  Dublin  Steam-Packet  Company  at  Liverpool, 
and  are  all  so  easily  and  accurately  determined  that  the  tests  in  question  at  once  stamp  the  true 
character  of  each  description  of  coal.  In  illustration  of  these  results,  I  here  give  a  return  of 
ten  kinds  of  coal,  with  their  several  calorific  values  taken  from  the  results  of  some  of  the  tests 
just  mentioned. 

TESTS  OF  COALS  AS  MADE  IN  THE  BOILER  OP  THE  CITY  OF  DUBLIN  STEAM-PACKET  COMPANY. 
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per  '  Koyul  Charter.' 

i 

"  The  above  test-trials  were  made  at  the  request  of  the  owners  of  the  respective  collieries,  for 
the  purpose  of  ascertaining  the  calorific  value  and  peculiarities  incident  to  each  coal,  as  regards 
clinker,  ash,  &c.  The  names  of  the  collieries  or  owners  are  purposely  omitted,  as  the  returns  of 
any  one  kind  of  coal  are  never  communicated  to  those  of  any  other  kind." — WILLIAM  BALFOUK 
M'ALLISTEB,  Foreman  Boiler  Maker  to  the  Company. 

These  only  embraced  the  returns  of  the  last  nine  months,  and  the  tests  were  all  made  at  the 
request  of  their  respective  owners,  on  opening  new  beds  in  their  collieries.  Wye  Williams  adds, 
I  suppress  the  names  of  the  different  coals  to  avoid  giving  unnecessary  offence  to  any  of  the 
proprietors.  It  will  be  observed  that  as  there  was  no  smoke  from  any  kind  of  coal,  and  perfect 
combustion  effected,  the  full  calorific  effect  was  obtained  in  every  instance.  This  was  also  con- 
firmed by  the  appearance  of  the  furnace,  as  every  part  of  the  interior  was  made  visible  by  means 
of  properly-placed  sight-holes,  as  was  the  case  in  the  Newcastle  experiments.  These  returns  show 
the  error  of  estimating  the  so-called  evaporative  power  of  the  coal  by  reference  to  the  water 
evaporated  by  each  pound  weight  of  the  coal.  We  even  find  that  the  description  which  gives  the 
largest  return  in  that  respect,  may,  in  fact,  be  the  worst  adapted  for  steam-generative  purposes, 
inasmuch  as  the  time  occupied  is  so  much  greater.  This  element  of  time  is  of  the  highest 
importance,  as  regards  the  providing  an  adequate  supply  of  steam  for  the  cylinders.  Take,  for 
instance,  No.  4.  There  the  amount  of  water  evaporated  to  a  Ib.  of  coal  was  10  •  20  Ibs.,  yet  there 
were  but  1707  Ibs.  evaporated  an  hour — during  the  time  required  for  the  evaporation  of  the  tank 
full,  of  8000  Ibs. — say,  in  all,  four  hours  forty-one  minutes.  Whereas,  in  the  case  of  No.  7,  though 
there  were  but  8-92  Ibs.  evaporated  to  a  Ib.  of  coal,  there  were  no  less  than  2232  Ibs.  evaporated 
an  hour,  the  8000  Ibs.  being  evaporated  in  three  hours  thirty-five  minutes.  A  further  illus- 
tration of  the  importance  of  attending  to  the  mode  in  which  the  several  kinds  of  coal  enter 
into  combustion,  as  Percy  has  well  observed,  is  shown  in  the  following  returns,  where  five  kinds 
of  coal  were  tested,  and  the  temperatures  in  the  flues  and  of  the  escaping  products  were  both 
noted :— 
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No.  1. 
Swansea. 

No.  2. 
Newport. 

No.  3. 
Coed  Talon. 

Powell's  Duffern. 

No.  i. 
Main  Depth. 

[740 
750 
760 

753 
725 
720 

1000 
1045 
1035 

835 
845 
850 

1120 
1150 

765 

725 

1060 

855 

i  Ml 

775 

735 

1075 

8<JO 

785 

745 

1075 

870 

I-.-" 

795 

755 

1080 

900 

1295 

805 

765 

1080 

920 

1300 

825 

775 

1095 

925 

1300  max. 

835 

790 

1095 

945 

1280 

840 

805 

1095 

9f>5 

1250 

850 

815 

1100 

970 

1225 

855 

825 

1100 

975 

1220 

865 

830 

1100 

9*0 

1200 

875 

845 

1110 

990 

1155 

885 

855 

1120  max. 

1000 

1130 

895 

865 

1110 

1000 

1110 

905 

875 

1115 

1005 

1100 

910 

890 

1105 

1010 

1075 

910  max. 

895  max 

1075 

1020  max. 

1050 

20)1662-5 

20)1598  5 

20)2167-0 

20)1871-0 

20)2401  0 

831° 

799° 

1083° 

935° 

1200° 

Average  Waste  Heat  in  Chimney. 

,  450° 

450° 

484° 

397° 

574° 

In  Nos.  1,  2,  and  4,  of  the  annexed  Table  the  largest  development  of  gas,  and  consequently  th« 
highest  temperature  (assuming  that  perfect  combustion  was  realized),  was  at  the  end  of  tack 
charge  of  twenty  minutes  (the  temperatures  were  taken  at  intervals  of  a  minute),  whereat,  in 
Nos.  3  and  5  the  maximum  temperatures  were  attained  at  the  end  of  sixteen  minutes  and  eight 
minutes  respectively.  This  latter  is  the  coal  preferred  by  the  Dublin  Steam  Company.  William* 
adds,  I  am  sure  it  will  be  acknowledged  that  these  tables  contain  much  valuable  information 
which  is  omitted  from  the  official  returns  required  by  the  Admiralty  when  steam  coal*  are  tested 
for  them.  In  those  returns  no  account  is  taken  of  the  gross  time  employed  in  the  evaporation  of 
any  gross  weight  of  water;  neither  are  we  told  what  temperature  was  obtained  for  evaporative 
purposes ;  nor  what  escaped  in  the  state  of  waste  heat ;  nor  how  far  combustion  was  perfect,  as 
indicated  by  the  presence  or  absence  of  smoke  in  the  chimney.  We  see  in  them  no  indication  of 
the  use  of  that  valuable  and  all-important  instrument  the  pyrometer,  without  which  it  is  impossible 
to  form  any  correct  estimate  of  the  calorific  or  commercial  value  of  any  kind  of  coal. 

Feeling  so  deeply  the  inefficiency  of  the  tubular  system  as  now  generally  adopted,  I  hare 
endeavoured  to  substitute  for  it  some  more  effective  one,  bearing  in  mind,  of  course,  the  necessity 
(to  which  I  have  before  referred)  of  ensuring  the  direct  action  of  the  hot  products  of  combustion 
upon  the  heating-surface.  My  endeavours  in  this  respect  have  not  been  successful.  I  bare 
arranged  a  form  of  tube,  or  rather  flue,  which  presents  a  series  of  surfaces  against  which  these 
hot  products  will  strike  at  right  angles,  or  nearly  so,  and  consequently  transmit  a  larger  quantity 
of  heat  to  the  water  in  the  boiler.  As  this,  however,  would  bo  of  comparatively  small  effect. 
unless  accompanied  by  other  material  changes  in  the  details  and  construction  of  the  boiler,  and 
the  removal  of  the  several  evils  already  enumerated,  I  propose  here  detailing  thono  alterations  and 
principles,  with  their  influence,  chemically  and  practically,  which  go  to  the  formation  cf  a  perfsot 
boiler  and  its  furnaces,  namely : — 

Istly.  That  in  the  construction  of  a  boiler,  the  proportions  of  its  several  parts,  in  particular, 
its  length,  from  the  door  to  the  back-end,  should  be  determined  by  considerations  based  on  fMttf 
effect  to  those  processes  and  principles  on  which  the  combustion,  chemically  considered,  of 
constituents  of  fuel — solid  and  gaseous— depends.    Without  regard  to  this  oonimon  sense  view  n 
the  subject,  the  length  of  boilers  is  usually  determined  by  the  mere  area  or  space  allowed 
actual  width  of  the  "vessel.     This  injudicious  proceeding  appears^  to  have  been^adoptei 
the  sole  purpose  of  introducing  thf 
the  steam-generative  property  of  a 

fire-grate  surface,  and  wholly  irrre£,F*~«. . «  ...  .-«  ~~~ , 

This  at  once  leads  us  to  the  inference  that  the  distance  between  the  fuel  at  the  bridge  a 
tubes  should  never  be  less  than  from  6  to  8  ft.  lineal— experience  baring  abowi 
impossible  to  effect  the  perfect  combustion  of  the  gaseous  constituents  of  the  coal  in  a  abort 

2ndly.  That  where  the  furnace-bars  are  above  4  ft.  in  length,  from  the  deed-pim 


:ing  the  greatest  number  of  boilers  into  the  smallest  possible  •P»a*~ 
rty  of  a  boiler  being  assumed  to  depend  on  the  length  and  area  < 
ly  {irrespective  of  the  chemical  process  of  combustion  to  be  carried  < 
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bridge,  and  where  the  chamber  is  less  in  height  than  2  ft.  from  the  dead-plate  to  the  crown  of 
the  furnace,  there  should  always  be  provided  the  means  of  introducing  a  supplemental  supply 
of  air  to  the  gases  passing  over  the  bridge.  The  mode  adopted  (see  Fig.  884)  in  the  Holyhead 
steam-packet,  by  a  cast-iron  plate  with  a  sufficiency  of  half-inch  orifices,  has  been  found  as  suc- 
cessful as  could  be  expected,  looking  to  the  great  space  occupied  by  the  tubes,  and  the  consequent 
absence  of  an  adequate  combustion-chamber. 

Srdly.  That  tubes  should  never  exceed  3  ft.  in  length,  experience  having  supplied  unquestion- 
able proof  of  the  comparative  inutility,  as  heat-generating  surface,  of  any  greater  length,  while  it 
seriously  curtails  the  space  that  might  otherwise  be  occupied  as  a  combustion-chamber. 

4thly.  That  the  steam  generated  by  the  heat  from  the  side  and  crown  plates  of  the  furnace 
should  not  be  allowed  to  ascend  through  the  tubes,  or  interfere  with  the  steam  generated  from 
the  latter,  as  already  mentioned;  but  that  it  be  directed  to  pass  upwards  through  the  spaces 
between  the  several  separate  stacks  of  tubes. 

5thly.  That  the  waste  heated  products  from  the  several  furnaces  should  not  be  directed  into 
one  common  receptacle  or  smoke-box,  as  is  done  in  the  '  Great  Eastern '  and  '  Warrior ' ;  but  that 
the  furnaces,  being  set  in  pairs,  their  products  should  be  kept  in  pairs,  until,  passing  through  the 
uptake,  they  arrive  at  the  base  of  the  chimney.  The  reasons  and  proofs  which  influence  this 
arrangement  are  numerous,  but  cannot  be  here  detailed  for  want  of  space. 

6thly.  Boilers  should  be  so  placed  that  the  furnace-doors  should  face  the  fore  part  of  the  ship, 
by  which  the  material  draught  caused  by  its  velocity  would  come  in  aid  of  the  direction  of  the 
air  into  the  ash-pits,  and  through" the  apertures  in  the  furnace-door  boxes. 

In  reference  to  Priming,  Murray  observes:— "When  the  ebullition  inside  a  boiler  is  so  rapid 
and  violent  that  water  rises  with  the  steam,  and  is  carried  over  with  it  to  the  engines,  the  boiler 
is  then  said  to  prime.  Besides  the  danger  to  the  machinery  which  always  attends  this  propensity, 
it  entails  a  serious  loss  of  heat,  carried  off  by  the  water  which  boils  over  or  is  forced  up  the  waste- 
eteam  pipes."  If  this  be  a  correct  description  of  the  process  of  priming,  the  tubular  system  has 
much  to  answer  for  the  evil,  as  being  peculiarly  subject  to  this  "propensity."  In  consequence  of 
the  violent  transmission  of  heat,  caused  by  the  large  surface  of  the  face-plate  exposed  to  the 
direct  action  of  the  flame,  as  already  described,  there  is  the  greatest  tendency  to  that  local  and 
violent  ebullition  by  which  the  liquid  matter  is  forced  upwards,  and  which  is  no  doubt  the  main 
source  of  priming.  It  may  here  be  observed,  however,  that  the  idea  of  a  "  serious  loss  of  heat 
carried  off  by  the  water  "  is  erroneous,  and  arises  from  the  supposition  of  the  water  being  heated, 
and  having  absorbed  a  given  quantity  of  heat.  Now,  so  long  as  the  water  particles  retain  their 
liquid  form,  they  have  taken  up  no  heat,  and  can,  therefore,  carry  none  along  with  them. 
Williams  here  remarked,  "  I  am  sorry  to  have  to  refer  to  a  work  of  my  own,  but  I  have  taken  so 
much  pains  to  establish  this  doctrine  in  my  recent  work,  '  On  Heat  in  its  relation  to  Water  and 
Steam,  embracing  New  Views  of  Evaporisation,  Condensation,  and  Explosion,'  that  I  trust  I  shall 
be  excused  for  referring  to  it  here."  The  true  loss  and  injury  occasioned  by  the  water  being 
carried  over  in  the  process  of  priming,  arises — 1st.  From  the  liquid  particles  taking  up  heat  from 
the  inside  of  the  cylinder  into  which  it  is  carried,  and  by  which  a  cooling  effect  is  produced ;  2nd. 
From  the  particles  carrying  a  large  portion  of  the  salt  and  other  impurities  with  which  the  water 
may  be  impregnated,  and  which  to  a  considerable  extent  produce  an  injurious  effect  upon  the 
valve-facings.  "  Priming,"  Mr.  Murray  adds,  "  may  arise  from  a  variety  of  causes ;  but  the  usual 
one  is  a  too  contracted  steam-space  over  the  water  of  the  boiler.  For  where  the  reservoir  of  steam 
from  which  the  engines  are  supplied  is  very  small,  there  must  be  constant  pulsations  of  pressure 
in  the  boiler ;  and  each  time  that  the  surface  of  the  boiling  water  is  relieved  of  a  certain  amount 
of  pressure  by  the  rapid  withdrawal  of  a  cylinderful  of  steam,  it  boils  up  with  great  violence." 
This  is  unquestionably  true.  It  must  not,  however,  be  forgotten  that  the  prevailing  practice  of 
using  higher  pressure,  and  cutting  it  off,  for  the  sake  of  expansion,  greatly  increases,  if  it  does  not 
produce,  this  very  serious  evil  of  a  constant  pulsation  of  pressure.  We  cannot,  therefore,  have  the 
benefit  of  the  expansion  principle  carried,  as  it  now  is,  to  so  great  an  extent,  without  the  con- 
current evil  of  having  the  liquid  matter  carried  even  into  the  cylinder  by  these  frequent  pulsations. 
This  is  peculiarly  the  case  where  the  cylinders  are  large  and  the  expansion  process  is  carried  out 
to  a  great  extent. 

I  must,  however,  says  Murray,  insist  on  the  fact,  that  the  violent  local  ebullition,  peculiar  to  the 
tubular  system,  produced  immediately  behind  the  face-plate,  as  already  explained,  is  the  main  source 
of  the  evil  of  priming.  This  is  well  exemplified  in  the  case  of  new  boilers,  and  on  their  first  trial. 
The  face-plate  being  then  clean,  both  inside  and  outside,  and  the  water-spaces  being  fully  charged, 
and  without  obstruction  to  the  water's  circulation,  the  transmission  of  heat  through  that  plate  is  at 
its  maximum ;  and  the  generation  of  steam  greater  there  then  than  it  ever  can  be  afterwards. 
The  violent  ebullition  immediately  behind  the  face-plate  is  far  in  excess  of  what  can  be  conceived 
by  those  who  have  not  had  the  means  of  personal  inspection.  None  but  an  eye-witness  could  have 
an  adequate  idea  of  this  local  action,  or  of  the  mass  of  water  thrown  up  immediately  behind  the 
face-plate,  with  the  spray  driven  off  in  large  quantities ;  while  the  other  parts  of  the  water-surface 
are  comparatively  tranquil,  or  exhibiting  but  the  ordinary  effect  of  moderate  boiling.  It  was  this 
fact  which  first  drew  my  attention  to  the  action  of  the  face-plate.  I  observed  that  the  boilers  of 
the '  Warrior,'  like  those  of  too  many  other  vessels,  were  reported  to  have  been  exposed  to  priming  on 
their  first  trial ;  and  when  I  look  at  the  immense  extent  of  face-plates  in  which  the  4400  tubes  are 
inserted,  I  cease  to  wonder  at  the  violence  of  the  local  ebullition,  or  at  the  priming  which  resulted 
from  it.  As  the  continued  use  of  a  boiler  causes  a  considerable  diminution  of  water-space  in  the 
rear  of  the  face-plate,  by  the  incrustation  which  is  there  rapidly  produced,  on  account  of  the  great 
heat  to  which  it  is  exposed,  we  can  readily  explain  the  subsequent  diminution  of  priming  when 
the  boiler  has  been  some  time  in  use. 

Hitherto  we  have  had  no  sufficient  explanation,  chemically  or  otherwise,  of  the  cause  of 
priming.  When,  however,  we  examine  closely  the  act  of  ebullition,  we  shall  have  no  difficulty 


BOILER.  419 

in  comprehending  the  rationale  of  the  process  by  which  the  water  particles  are  thin  separated 
and  thrown  up,  and  carried  by  the  force  of  the  current  out  of  the  boiler.  Each  bubble  formed  in 
a  liquid  is  a  spherical  or  semi-spherical  mass  of  aeriform  matter.  In  the  case  of  boiling  water  it 
is  of  pure  steam  enclosed  in  a  spherical  envelope  of  liquid  particles,  formed  by  the  repellent  force 
and  divergent  action  of  the  several  steam  particles.  The  liquid  particles,  on  the  other  hand  \<v 
reason  of  their  individual  attraction  and  cohesion,  sustain  that  continuity  which  fi.rms  the  enve- 
lope. When  each  globe  or  envelope  bursts,  the  liquid  particles  of  which  it  is  oompoaed  are 
scattered,  and,  as  it  were,  exploded,  and  then  carried  forward  to  the  cylinders.  Looking,  then. 
to  the  violence  of  ebullition,  and  the  quantity  of  liquid  spray  thrown  up  immediately  behind  the 
face-plate,  and  in  no  other  place,  we  are  enabled  to  appreciate  the  source  and  nature  of  priming, 
and  the  part  which  the  tubular  system  and  its  face-plate  act  in  producing  thin  result.  The 
pulsations,  then,  spoken  of  by  Murray,  are  not  by  any  means  the  main  cause  of  priminc.  but  are 
merely  secondary  to  that  violent  and  local  ebullition  so  peculiar  to  the  action  of  the  face-plate. 
We  see  this  result  of  ebullition  in  the  common  operation  of  distilling  water  for  rh.-mioal  purpose*. 
When  the  distillation  is  carried  on  rapidly,  and  the  water  is  made  to  boil  violently,  the  so-called 
distilled  water  is  found  impure  to  such  an  extent  as  to  require  a  repetition  of  the  proceaa,  and  a 
double  or  treble  distillation.  To  obtain  pure  water  from  the  still,  the  heat  should  uot  be  allowed 
to  exceed  200°,  when  ebullition  begins. 

On  the  subject  of  Superheating  there  seems  to  be  much  confusion.  The  term  "  superheating 
the  steam  "  necessarily  implies  an  increase  in  its  temperature.  When,  however,  we  examine  the 
operation,  we  find  that,  practically,  we  merely  increase  the  quantity  of  available  steam.  Steam, 
as  an  elastic  fluid,  resembles  air  as  regards  the  difficulty  of  increasing  its  temperature :  so  that 
anything  to  be  gained  in  this  respect  from  the  action  of  the  heated  products  passing  to  the 
chimney,  as  waste  heat,  must  be  very  insignificant.  In  truth,  all  we  do  by  the  process  U  to 
vaporize  the  liquid  particles,  which,  more  or  less,  always  accompany  the  steam  generated  from 
water  at  what  is  called  the  boiling-point.  If  a  given  quantity  of  steam  in  the  boiler  contains,  say 
10  per  cent,  of  liquid  particles,  their  conversion  into  steam  is  of  equal  value  with  the  vii|»  : 
of  any  other  10  per  cent,  of  the  water  in  the  boiler.  In  addition,  however,  it  has  the  further 
advantage  of  relieving  the  cylinders  from  the  presence  of  so  much  liquid  matter.  In  hiith- 
pressure  engines,  as  in  locomotives,  this  is  not  of  such  importance,  inasmuch  as  the  liquid  par- 
ticles are  driven  off  with  the  steam  as  each  cylinderful  is  discharged.  In  the  case  of  condfuina 
engines,  however,  the  advantage  arising  from  the  absence  of  liquid  matter,  and  what  U  termed 
dry  steam,  is  considerable. 

"  All  boilers,"  Murray  observes.  "  are  subject  to  the  loss  of  a  certain  quantity  of  heat  contained 
in  the  water  which  passes  off  with  the  steam  in  the  shape  of  a  fine  spray.    Win  n  much  of  this 
mixes  with  the  steam,  the  latter  is  said  to  be  '  wet ' ;  but  it  is  believed  that  all  steam  raised  in 
the  ordinary  way  is  thus  more  or  less  charged  with  water  in  a  state  of  fine  subdivision."    This 
has  already  been  considered  when  speaking  of  priming.    Murray  goes  on  to  say : — "  To  evaporate  * 
(more  correctly  speaking,  to  vaporize)  "  and  utilize  this  water  is  one  of  the  principal  advantages 
of  surcharged  or  ' superheated'  steam."    He  might  have  gone  further,  and  have  said  thnt 
the  sole  advantage  gained  by  this  much-extolled  process.    That  this  in  even  Murray's  opinion 
may  be  assumed  from  the  following  brief,  and,  we  believe,  just  summary,  namely : — "  The  rery 
high  rates  of  economy  are  shown  by  those  boilers  which  were  previously  the  worst  to  keep  steam 
with,  and  which  required  very  hard  firing  to  do  so ;  those  addicted  to  priming  and  wet  steam  rank 
next  in  apparent  economy ;  while  those  boilers  that  show  the  least  were  originally  the  belt  speci- 
mens of  their  class."     This  at  once  raises  the  question  whether  it  would  not  be  better  to  hare  the 
boilers  so  constructed  that  they  should  have  no  spare  heat  to  be  so  applied ;  for  whatever  heat  ii 
so  applied  would  have  been  more  economically  and  efficiently  employed  in  genem '. 
the  first  instance,  rather  than  in  being  allowed  to  escape,  as  waste  heat,  for  the  employment* 
which  this  superheating  process,  and  the  other  process  of  heating  the  feed-water,  haire  been 
invented.     Whatever  degree  of  success  accompanies  either  of  these  prooocses  will,  in  fact,  U 
in  the  ratio  of  the  waste  heat ;  that  is,  in  proportion  as  the  boiler  is  deficient  in  the  legitimaU 
application  of  the  heat  generated  by  the  combustion  of  coal.    Thus,  the  more  imperfect  i 
boiler  and  its  furnaces  in  promoting  perfect  combustion,  and  thus  realizing  the  full 
power  of  the  fuel,  and  in  applying  the  heat  so  generated,  the  greater  will  be  the  apparcn 
tage  of  heating  the  steam  of  the  feed-water. 

Robert  Murray  being  selected  from  among  many  modern  engineers  who  eaten 
views  respecting  boilers,  it  is  only  right  to  add  B.  Murray's  reply.    Writing  to  the  MQ 
the  Inst.  of  N.  A.,  Murray  said :—"  Having  been  unable  to  attend  the  last  meeting  oi 
tution  of  N.  A.,  I  am  glad  to  be  allowed  this  opportunity  of  replying  venr  brie 
Williams's  remarks  upon  certain  portions  of  a  paper  of  mine,  read  before  the  li 
spring  of  1860.     While  doing  so,  I  would  wish  to  express  my  hearty  appreciation  >  T 
long  and  valuable  labours  in  the  peculiar  branch  of  engineering  adence  to  win 
ardently  devoted  himself;  but,  at  the  same  time,  I  must  confeas  to  a  doubt 
riding  his  hobby  rather  too  fast.    It  is  my  lot  to  see  many  pet  contrivances  and  fomlh 
theories  sent  off  from  this  port  of  Southampton  on  a  cruise  into  the  wide 
when  separated  from  the  fostering  care  of  their  parents,  very  few  indeed  ere 
This  sad  spectacle,  in  place  of  enlarging  our  sympathies,  tends  I  fear  to  mat 
only  the  more  hard-hearted  and  unbelieving.     I  admit,  however,  that  a  h 
men  as  Mr.  Wye  Williams  is  good  for  us.    I  shall  now  attempt  to  meet  ( 
objections. 

"  With  regard  to  the  much-vexed  question  of  '  smoke-burn  in  p.'  1 
furnaces  of  a  marine  boiler  'it  is  not  alway.  an  economical  proress  :  Mi 
able  caution  is  necessary  for  the  due  regulation  of  the  quantity  of  air  t< 
purpose.'    It  is  of  course  apparent  to  every  one,  that  the  furnace  demai 
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atmospheric  air  at  each  recurring  period,  when  the  fresh  charge  of  coal  is  undergoing  the  proopsg 
of  distillation,  and  therefore  parting  with  its  gaseous  constituents.  This  state  of  the  furnace, 
however,  lasts  for  only  two  or  three  minutes  out  of  every  ten ;  and  if  the  rush  of  cold  air  were  to 
be  continued  after  the  fire  has  burnt  clear,  and  there  is  only  incandescent  carbon  on  the  bars,  a 


experimental 

boiler  worked  by  trained  stokers,  either  on  shore,  or  on  board  ship,  this  can  be  done  so  as  to  show 
a  high  degree  of  economy,  no  engineer  will  doubt ;  but  the  question  still  remains,  Can  we  place 
sufficient  dependence  ujum  the  ordinary  fireman  to  be  found  on  board  a  steamer,  as  to  leave  it  in 
their  power  to  inflict  a  serious  injury  upon  the  boilers  by  their  stupidity  or  neglect ;  or  will  it  not 
be  preferable  to  adopt  some  simple  and  fixed  arrangement  for  this  purpose,  which  will  not  bo 
dependent  for  its  efficacy  upon  the  precarious  attention  of  the  stokers  ?  This  may  be  done  to 
some  extent  by  self-acting  apparatus ;  but  whenever  such  has  been  fitted  on  board  a  steamer,  it 
has  been  (so  far  as  my  experience  goes)  invariably  abandoned  after  a  few  months'  trial.  It  would 
appear,  in  fact,  that  the  usual  conditions  of  the  stoke  place  of  a  sea-going  steamer  are  incom- 
patible alike  with  any  great  amount  of  discriminating  attention  to  be  expected  from  the  men,  or 
with  the  satisfactory  working  of  a  piece  of  nice  mechanism  left  in  their  charge.  There  can,  I 
think,  be  no  objection  to  admitting  a  small  and  fixed  quantity  of  air  through  a  perforated  plate 
behind  the  fire-bars  (as  shown  in  Williams's  woodcut,  Fig.  884),  if  this  be  done  judiciously. 
The  danger  in  such  a  case  is,  that  the  neighbouring  plates  may  suffer  harm  from  being  one 
minute  intensely  heated  as  by  the  flame  of  a  blow-pipe,  and  the  next  minute  chilled  by  a  cold 
blast  after  the  flame  has  been  expended,  the  continual  expansion  and  contraction  thus  induced 
tending  to  weaken  the  plates  by  throwing  iron-scale  off  their  surface.  It  is  therefore,  perhaps, 
the  safer  plan  to  keep  by  the  more  usual  expedient  of  admitting  the  air  through  a  number  of 
small  holes  punched  in  the  fire-doors,  say  f-in.  holes  at  the  distance  of  1J  in.  from  centre  to 
centre,  which  appears  to  answer  every  purpose,  the  door  itself  being  slightly  opened  when  more 
air  is  wanted.  The  bars  must  at  the  same  time  be  kept  covered  with  a  thin  fire,  through  which 
the  air  can  penetrate,  and  not  smothered  with  coals  as  shown  in  Mr.  Williams's  woodcuts. 

"  As  to  the  alleged  deficiency  of  absorbent  power  in  the  tube-surface  of  a  marine  boiler,  there 
can  be  no  question  but  that  Mr.  Williams's  statements  and  conclusions  demand  the  most  careful 
and  anxious  consideration.  I  confess  myself  so  far  a  convert  to  his  views,  that  I  would  be  glad  to 
see  the  tubes  curtailed  in  length  to  such  an  extent  as  to  admit  of  a  considerably  larger  space  than 
is  usually  allowed  between  the  ends  of  the  bars  and  the  tube-plate.  That  the  first  portion  of  the 
tubes  should  be  so  much  more  effective  than  the  rest  may,  I  think,  be  explained  by  supposing 
that  the  flame  penetrates  through  them  to  this  distance  only,  becoming  then  extinguished  by  the 
reduction  of  temperature  in  the  tubes,  in  the  same  way  that  it  cannot  pass  through  the  meshes  of 
the  wire  gauze  of  the  miner's  lamp.  That  the  remainder  of  the  tubes  should  not  absorb  more 
heat  from  the  gases  in  their  transit,  is  certainly  a  very  remarkable  and  unlooked-for  result.  The 
use  of  tubes  of  not  less  than  about  3£  in.  diameter  seems  preferable,  as  allowing  the  flame  to 
penetrate  further  through  them. 

"  While  speaking  of  '  priming,'  Mr.  Williams  remarks  that  my  expression  of  a  '  serious  loss  of 
heat  being  carried  off  by  the  water '  is  '  erroneous.'  The  extent  of  this  loss  is  evidently  just  so 
much  caloric  as  was  necessary  for  raising  the  ejected  water  from  the  temperature  of  the  feed 
to  that  of  the  water  in  the  boiler. 

"  Lastly,  with  regard  to  superheated  steam,  it  is  now  pretty  well  understood  that  with  a  tempe- 
rature of  from  280°  to  300°  Fahr.  in  the  steam-pipes  we  have  all  the  advantages  of  which  the 
process  is  capable  without  endangering  the  valves  and  packings  of  the  engines.  I  must  differ 
from  Mr.  Williams,  however,  in  thinking  that  its  'sole'  advantage  is  the  vaporization  of  the 
watery  particles  contained  in  the  steam,  as  I  think  we  derive  an  almost  equal  advantage  from 
the  saving  of  condensation  in  the  pipes,  ports,  and  cylinders." 

Mr.  C.  Wye  Williams,  writing  to  the  secretary  respecting  the  above  remarks  of  Mr.  Murray, 
said : — "  In  reference  to  Mr.  Murray's  additional  remarks,  I  have  only  to  express  my  belief  that  his 
objections  are  severally  and  substantially  answered  in  the  extracts  I  have  given  from  the  report 
of  Messrs.  Armstrong,  Richardson,  and  Longridge,  on  the  proceedings  at  Newcastle  (page  440). 
His  remarks  on  the  admission  of  air  and  '  smoke  burning '  seem  to  be  the  result  of  an  oversight, 
on  his  part,  as  to  what  my  plans  and  recommendations  really  are.  My  regret  at  this  is  the  greater, 
as  he  has  himself  fully  absolved  me  from  the  charge  of  suggesting  speculative  remedies,  when  he 
adds : — '  I  see  no  objection  to  admitting  a  small  and  fixed  quantity  of  air  through  a  perforated  plate 
behind  the  fire-bars,  as  shown  in  Mr.  Williams's  woodcut,  Fig.  884.'  Again,  Mr.  Murray  says : — 
'  It  is,  perhaps,  the  safer  plan  to  keep  by  the  more  usual  expedient  of  admitting  air  through  a  num- 
ber of  small  holes  in  the  fire-doors,  which  appears  to  answer  every  purpose.'  Had  Mr.  Murray 
looked  further  he  would  have  found  that  this  'safer  plan,'  which  'answers  every  purpose,'  is 
identically  what  I  adopted  under  my  patent  of  1838,  and  was  that  exclusively  used  by,me  at  the 
Newcastle  experiments,  which  lasted  twelve  days,  the  claim  of  the  patent  being,  'The  use,  con- 
struction, and  application  of  the  perforated  air-distributor,  by  which  the  atmospheric  air  is  more 
immediately  and  intimately  blended  with  the  combustible  gases  generated  in  the  furnace.' 

"As  to  the  deficiency  of  the  heat-transmitting  power  of  tubes,  which  it  was  the  main  purpose 
of  my  paper  to  describe,  Mr.  Murray  says  all  that  was  necessary  in  confirmation  of  my  views,  and 
in  giving  them  the  benefit  of  his  concurrence,  when  he  adds  : — '  As  to  the  alleged  deficiency  of 
absorbing  power  in  the  tube-surface,  there  can  be  no  question  but  that  Mr.  Williams's  statements 
demand  the  most  careful  and  anxious  consideration.  I  confess  myself  so  far  a  convert  to  his 
views  that  I  would  be  glad  to  see  the  tubes  contracted  in  length  to  such  an  extent  as  to  admit 
of  a  considerably  larger  space  than  is  usually  allowed  between  the  ends  of  the  bars  and  the 
tube-plate.'  If  this  be  done,  it  will  remove  one  of  the  impediments,  both  to  the  full  combustion 
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of  the  furnace  -  gases, 
and  the  increased  eva- 
porative power  of  the 
boiler.  On  the  -whole, 
then,  it  appears  that,  so 
far  from  there  being  any 
essential  difference  be- 
tween Mr.  Murray  and 
myself,  we  are  substan- 
tially  in  accord  on  all 
essential  points." 

We  now  come  to  the 
present  practice  of  en- 
gineers, by  which  dif- 
ferent descriptions  of 
boilers  are  constructed 
and  arranged  to  suit  va- 
rious purposes.  How  far 
these  numerous  forms 
and  colnbinationa  fulfil 
the  necessary  require- 
ments, the  engineer 
will,  it  is  presumed,  be 
able  to  decide,  from  the 
accurate  experiments, 
abstract  reasoning,  and 
practical  results  which 
we  have  adduced. 

Marine  Boilers. — Fig. 
885  shows  an  example 
of  the  high-type  modern 
marine  boiler,  as  de- 
signed by  N.  P.  Burgh, 
and  illustrated  in  his 
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practical  work  on  Marino  Engineering,  to  which  we  are  indebted  for  many  of  our  examples  of 
marine  boilers.  The  fire-box  and  combustion-chamber  are  partially  separated  by  a  brick  bridge. 
The  tubes  have  a  slight  rake  inclining  upwards  at  the  smoke-box  end,  this  end  being  the  linn! 
rv:i|>orat<>r.  The  vortical  tubes  in  the  upper  portion  of  the  smoke-box  are  for  superheating.  The 
lin'-bars  are  inclined  towards  the  inner  extremities  for  two  purposes,  the  one  to  assist  the  action  of 
stoking  or  ugitatiug  the  fire,  and  the  other  to  accelerate  the  draught — it  being  remembered  that 
the  greater  portion  of  the  draught  enters  below  the  bars.  Fig.  880  shows  an  enlarged  front  eleva- 
tion of  the  same,  half  complete  and  half  in  section. 

Figs.  887, 888,  889,  show  an  end  elevation,  sectional  plan,  and  sectional  elevation  of  the  boilers 
fitted  in  H.M.S.S. '  Vigilant,'  '  Wanderer,'  and  '  Osprey,'  by  Maudslay,  Sons,  and  Field.  The  dispo- 
sition of  the  boilers  in  the  hull  is  represented  by  tue  elevations,  the  plan  referring  to  only  one 
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Sectional  elevation. 


889. 


Sectional  plan. 

boiler.  The  fire-boxes  are  fore  and  aft  of  the  shell  at  the  side.  The  combustion-chambers,  one  to 
each  grate,  are  at  right  angles  with  the  fire-boxes ;  the  tubes  are  arranged  in  a  line  with  and  out- 
side each  fire-box,  thus  forming  a  return  action.  A  longitudinal  flue  is  introduced,  extending 
throughout  the  length  of  the  boiler,  so  as  to  render  the  final  uptake  common  to  the  smoke-boxes. 
On  referring  to  the  sectional  elevation,  it  will  be  seen  that  this  flue  is  the  same  height  as  the 
smoke-box,  a  divisional  water-space  causing  a  complete  separation.  The  fire-box  is  contracted  at 
the  base-line,  also  the  side  and  bottom  of  the  shell  are  angularly  connected.  This  form  of  con- 
struction is  due  to  the  beam  of  the  hull  for  which  the  boilers  were  designed. 

The  details  are : — Two  boilers  of  100  H.P.  collectively  ;  length  of  shell,  19  ft.  4  in. ;  width  of 
one  shell,  9  ft.  6  in. ;  height  of  shell,  5  ft.  10  in.  There  are  four  fire-grates,  each  grate  being  6  ft. 
4  in.  long  by  2  ft.  10  in.  wide.  The  fire-box  is  3  ft.  6  in.  deep  at  each  end.  192  of  the  tubes  are 
6  ft.  6  in.,  and  192  6  ft.  in  length.  The  total  number  of  tubes  is  384,  each  tube  being  2J  in 
outside  diameter. 

Fig.  890  represents  a  boiler  with  tubes,  made  by  Maudslay,  Sons,  and  Field,  for  H.M.S.S. 
1  Mutine'  and  '  Chameleon.'  The  boiler  is  of  66  H.P.  ;  the  shell  is  9  ft.  8  in.  long,  18  ft.  4  in.  wide, 
and  7  ft.  6  in.  high.  There  are  four  grates,  each  grate  being  5  ft.  10  in.  long  by  2  ft.  wide.  The 
fire-box  is  3  ft.  10  in.  deep.  Total  number  of  tubes  262,  each  tube  being  6  ft.  long  and  2i  in.  out- 
side diameter.  There  are  two  grates  to  each  cluster  of  tubes,  placed  near  the  outer  side  of  the  shell. 
The  combustion-chamber  is  at  right  angles  with  the  grate.  The  tubes  are  placed  in  the  centre 
between  the  fire-boxes.  The  smoke-boxes  are  at  the  boiler-front  between  the  inner  fire-boxes. 
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Sectional  plan. 


Figs.  891,  892,  893,  894,  show  elevation,  plan,  and   sections  of  the  two  boilers  of  H.M  S  S. 
Reindeer'  and  'Perseus,'  by  J.  and  G.  Rennie.     They  are  of  130  H.P.     Length  of  Mull 
width,  10  ft.  6  in. ;  height,  7  ft.  6  in. ;  six  fire-grates,  5  ft.  6  in.  long  by  2  ft.  10  in.  wide ;  fin-box, 
4  ft.  6  in.  deep ;  528  tubes,  each  tube  being  6  ft.  long  and  2}  in.  outside  diameter. 
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Figs.  895,  896,  show  elevation  and  section  of  the  boilers  made  by  J.  and  O.  Rennio  for  S  S.S. 
*  General  Murillos'  and  'General  Victoria.'  There  are  four  boilers,  of  200  H.P.  collectively.  Kac-h 
shell  is  12  ft.  long,  10  ft.  wide,  and  7  ft.  high.  There  are  eight  grates,  each  grate  being  5  ft.  9  in.  long 
by  3ft.  wide.  The  fire-box  is  3ft.  deep  in  front,  and  2  ft.  at  back.  There  are  628  tubes.  6ft. 
loug  and  2J  in.  outside  diameter. 
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Figs.  897,  898,  show  the  tubular  boiler  made  by  James  Watt  and  Co.  for  the  Bombay  Steam 
Navigation  Company.  It  is  of  30  H.P.  The  shell  is  7  ft.  1  in.  long,  11  ft.  wide,  and  8ft.  6  in.  high. 
It  has  two  grates,  4  ft.  9  in.  long  and  2  ft.  2  in.  wide.  The  fire-box  is  3  ft.  deep.  Number  of 
tubes  144,  each  tube  4  ft.  11  in.  long,  2£  in.  outside  diameter.  The  doors  seen  under  the  grate  at 
the  back,  Fig.  898,  are  for  the  admission  of  air  beyond  the  bridge,  a  suitable  framework  being 
fitted  in  the  fire-box.  The  gear  shown  by  the  dotted  lines  and  in  the  dome  relates  to  the  safety- 
valve.  Fig.  897  shows  the  combustion-chamber,  smoke-box,  and  uptake,  in  section.  It  will  be 
seen  that  tiie  tubes  connecting  the  combustion-chamber  and  smoke-box  are  at  an  incline ;  this  ia 
for  the  purpose  of  accelerating  the  draught.  The  uptake  is  curved  and  surrounded  by  the  steam ; 
this  renders  partial  superheating  attainable  without  extra  detail  or  expense. 
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Figs.  899, 900,  show  the  boilers  made  by  James  Watt  and  Co.  for  the  S.S.  '  Tyrsaad.'  They  are 
of  120  H.P.  The  shell  is  8  ft.  long,  15  ft.  wide,  and  10  ft.  high.  There  are  eight  grates,  7  ft.  long 
and  2  ft.  wide.  The  fire-box  is  3  ft.  deep  in  front,  and  3  ft.  3  in.  deep  at  back.  There  are  520 
tubes,  each  tube  being  5  ft.  8  in.  long  and  2£  in.  outside  diameter. 

Figs.  901,  902,  903,  904,  represent  the  two  boilers  made  by  James  Watt  and  Co.  for  H.M.S. 
'  Hornet.'  They  are  of  100  H.P.  Length  of  shell,  16  ft.  6  in. ;  width  of  one  shell,  9  ft.  6  in. ;  height 
of  shell,  7  ft.  6  in.  Six  grates,  each  grate  5  ft.  3  in.  long  by  2  ft.  4  in.  wide.  The  fire-box  is  3  ft. 
deep  in  front,  and  3  ft.  6  in.  at  back.  There  are  440  tubes,  each  5  ft.  6  in.  long  and  2£  in.  outside 
diameter. 

The  tubular  boiler  invented  by  Edward  N.  Dickerson  is  shown  in  Fig.  905.  It  has  two  series 
of  tubes,  W  and  S,  through  one  of  which  series  the  water  passes,  and  upon  the  exterior  of  which 
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the  heated  products  of  combustion  impinge,  while  the  steam  on  its  passage  to  the  outlet  is  made 
to  surround  and  envelop  the  other  series  through  which  the  products  of  combustion  are  made  to 
pass,  thus  superheating  the  steam.  The  water-tubes  of  this  boiler  are  so  arranged  that  by  remov- 
ing doors  or  plates  D,  both  ends  of  the  tubes  may  be  reached  and  cleaned  without  going  into  the 
boiler. 

Fig.  906  refers  to  the  boiler  invented  by  William  Mont  Storm.  The  boiler  consists  of  a 
cylindrical  horizontal  shell,  in  the  centre  of  which  are  situated  two  fire-boxes  separated  by  a  water- 
space.  The  smoke-boxes  are  situated  within  the  water-space,  with  the  pipes  m,  m  for  circulating 
the  smoke  to  the  uptake.  Flues  are  provided  for  conveying  air  to  the  furnace,  which  run  parallel 
with  the  generating  tubes;  and  a  water-head  is  formed  in  each  end  of  the  boiler  for  affording 
access  to  the  outer  ends  of  the  tubes.  This  water-head  is  connected  with  the  boiler  by  circulating 
pipes,  so  that  it  is  made  to  act  as  a  generator  of  steam  as  well  as  a  water-heater.  The  fire  passes 
right  and  left  through  the  flues  or  tubes  to  the  chambers  i,  i,  and  thence  through  its  proper 
conduit  to  the  uptake. 

Fig.  907  is  an  elevation  in  section  of  the  marine  steam-boiler  of  that  ingenious  inventor  and 
engineer,  Thomas  Dunn,  a  is  the  outer  shell  of  the  boiler;  6,  the  fire-grate,  and  c,  the  roof  of  the 
fire-box,  which  is  formed  of  semi-elliptical  plates  riveted  together  at  their  edges,  thereby  producing 
a  corrugated  surface  against  which  the  products  of  combustion  impinge ;  these  corrugations  give 
a  larger  heating-surface  to  the  fire-box  and  increase  its  strength.  Beyond  the  fire-prate  6  is  the 
bridge  d,  over  which  the  products  of  combustion  pass  to  the  down-flue  e,  then  through  the  tubes  / 
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forming  the  multitubular  part  of  the  boiler,  and  then  into  the  chamber  g  which  communicates  by 
means  of  the  flue  h  with  the  chimney  or  funnel.  Under  the  bridge  d  a  few  short  tubes  d'  are 
inserted  to  admit  air  into  the  down-flue  e  for  the  purpose  of  igniting  the  inflammable  gases  pass- 
ing over  the  bridge  d.  The  flue  j  near  the  bridge  is  only  opened  when  the  fires  are  just  ignited  ; 
but  if,  owing  to  the  leaking  of  the  vessel,  the  water  should  come  in  and  close  the  lower  flue  A,  the 
flue  j  may  be  opened  so  as  to  keep  the  engines  going  until  the  water  rises  in  the  vessel  sufficiently 
to  extinguish  the  fires.  The  grate-bar  m  is  shown  in  about  the  position  of  the  fire-grates  in  marine 
boilers  of  the  ordinary  construction,  and  the  grate-bar  6  above  it  indicates  the  level  of  the  fire- 
grate in  Dunn's  boiler. 

Fig.  908  is  a  section  of  another  of  Dunn's  marine  boilers.  In  this  instance  the  roof  of  the  fire- 
box is  made  of  corrugated  plates  c  stayed  longitudinally  and  vertically,  and  the  water-partitions 
n,  shown  in  section  in  Fig.  909,  are  placed  in  the  down-flue  e  to  absorb  a  portion  of  the  heat  from 
the  products  of  combustion  in  passing  to  the  up  and  down  flues  /,  which  are  formed  by  the  water- 
-partitions  o,  projecting  downwards  from  the  central  portion  of  the  boiler,  and  the  partitions  p 
projecting  upwards  from  the  lower  part  of  the  boiler.  The  chamber  g  and  the  flues  A  and  j  are 
similar  to  those  above  described  in  reference  to  Fig.  907.  In  this  boiler  the  outer  side  of  the 
chamber  g  is  formed  by  the  water-partition  <?,  and  consequently  all  the  flues  and  lower  portions  of 
the  boiler  are  perfectly  water-tight,  so  that  in  case  of  the  leaking  of  the  vessel  the  boiler  may  be 
kept  in  full  work  until  the  water  rises  to  the  level  of  the  fire-grate  6.  In  both  the  marine  boilers 
shown  in  Figs.  907,  908,  the  fire  is  applied  near  to  the  surface  of  the  water,  and  in  a  most  advan- 
tageous position  for  rapidly  generating  steam ;  the  ashes  and  cinders  are  collected  in  the  buckets 
v,  and  the  direction  of  th«  products  of  combustion  is  indicated  by  the  arrows. 
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Fig.  910  represents  a  modification  of  the  marine  boilers  shown  in  Figa.  907, 908.   In  thu  boiler 
the  heating-surface  is  increased,  and  the  circulation  promoted  by  the  two  acU  of  tube*  14  ami  N 


908. 
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placed  in  the  flue  e.    The  bridge  d  is  made  to  contain  water,  and  it  is  connected  to  the  oorrapted 
roof  c  by  pipes  cP. 

Figs.  911,  912,  show  an  elevation  and  plan  of  two  boilers  designed  by  N.  P.  Iluivh  f°r  «  IT""- 
boat.  They  are  of  100  H.P.  collectively.  The  shell  is  19  ft.  (J  in.  long,  e»rh  •hell  12  ft  wide  Mid 
5  ft.  9  in.  high.  There  are  four  grates,  6  ft.  long  and  3  ft  wide.  The  fire-box  U  3  ft  deep. 
There  are  780  tubes,  400  being  5  ft.  9  in.,  and  380  7  ft.  (J  in.  long;  ouUide  diwnetar  of  well  tab*, 
2J  in. 

The  boilers  made  by  Maudslay,  Sons,  and  Field,  for  II.M.S.8.  'Ajax'  and  •Bdinbwfrh.'  M» 
shown  in  plan,  Fig.  913.    In  each  ship  there  are  two,  of  450  u.r.  collectively.    The  •bell 
boiler  is  34  ft.  6  in.  long,  15  ft.  6  in.  wide,  and  9  ft.  10  in.  high.    There  are  twelve  to-C 
each  grate  6  ft.  4  in.  long  and  3  ft.  wide.    The  fire-box  ia  3  ft.  6  in.  deep  In  front,  MM  4  ft  X  10.  »t 
back.    Number  of  tubes,  1506 ;  each  tube  4  ft.  10  in.  long,  2J  in.  extern*!  diameter. 
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Sectional  plan. 


Elevation,  half  in  section,  half  complete. 
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Figs.  914,  915,  exhibit  elevations  of  the  boiler  designed  by  N.  P.  B 
is  of  25  H.P.    The  shell  is  11  ft.  6  in.  long,  7  ft.  wide.  7  ft/high-  onere 
9  in.  wide;   fire-box,  2  ft.  9  in.  deep.     Number  of  tubes,  72  >ich  tubY 
outside  diameter.  •"• 

E.  Humphrys'  marine  boiler  is  shown,  Figs.  916,  917.    The  uptake  ia  constructed  in  neh  a 
manner  that  a  number  of  vertical  tubes  may  be  placed  in  it,  the  uptake  forming  part  of  the 
boiler.    The  vertical  tubes  serve  as  a  superheating  apparatus,  and  render  unnecessary  anr  n 
or  valves  for  conducting  the  steam  to  the  superheater. 

Fig.  917  shows  the  tubes  and  smoke-box.    Directly  above  the  tubes  a  plate  is  fateoed   and 
another  plate  is  placed  near  the  roof,  the  plates  being  connected  by  the  vertical  tuba       Titan 
The  passage  of  the  steam  is  indicated  by  the  arrows. 

The  boilers  represented  in  Figs.  918  to  921  are  fitted  in  H.M.8.  'Oberon.'  260  H.F    and 

airrr»£n1    V\tr    Oorvf       A        A       On/»V*i»OT*o   ortrl    «+•    \lr.^nl  n*  ;  *«l.     "L1,,  ..* 


designed  by  Capt.  A.  A.  Cochrane  and  at  Woolwich  Factory  respectively      TLi 
Capt.  Cochrane's  boiler,  Figs.  918, 919,  is  12  ft. ;  width  of  shell,  11  ft.  6|  in. ;  number  of  steel  ti 
915;  length  of  steel  tubes,  3  ft.  3  in.;  outside  diameter  of  steel  tubes,  11  in  •  actual  weii 
boiler,  20  tons  7  cwt.  •  actual  weight  of  water,  12  tons  8  cwt.  1  qr. 


Total. 

Each 
nominal  a^r. 

To  car*  foot 
ofOr»u. 

Heating-surface  in  tubes    
„                „        furnaces,  &o  

eq.ft. 

1310-54 
337-83 

10-08 

•'••; 

i-  M 
4-~i 

1648  '37 

19-fiS 

Area  of  fire-grate        

71-79 

.» 

Capacity  of  combustion-chamber      
Area  at  throat  of            „                  
„    between  close  tubes  
„     under  trap  or  water-space        
„    between  smoke-box  door  and  water-space 

cub.  ft. 
sq.  in. 

n 
>i 
»> 

157-2 
2146-37 
1942-0 
2099-5 
1799-0 
1728  -0 

1  21 
16-51 
15-0 
16-15 
13  83 
13  '3 

2V19 
90-0 
27  04 

•_•  -  •• 
M  ..;• 

94  -ft 

Capacity  of  boiler,  1460 -5  cub.  ft. ;  capacity  for  water,  444 -78  cub.  ft. ;  capacity  for  steam,  315  6 
cub.  ft. 

The  length  and  width  of  shell  of  the  boiler  made  at  Woolwich  Factory,  Figs.  920,  921,  are  the 
same  as  that  shown  in  Figs.  918,  919.  The  height  of  the  boiler  ia  12  ft.  2J  in. ;  number  of  brass 
tubes,  394 ;  length  of  brass  tubes,  6  ft.  6  in. ;  outside  diameter  of  brass  tubes,  2|  in. ;  actual 
weight  of  boiler,  21  tons  13  cwt.  8  Ibs. ;  actual  weight  of  water,  14  tons  19  cwt  3  qrs. 


Tnt«l 

Each 

Towchfeo* 

UlAA. 

nominal  n  r. 

of  Grata. 

Heating-surface  in  tubes     ..     ..       sq.ft. 

1674-5 

TJ  >S 

•j-j  M 

„               „          furnaces,  &c.            „ 

234-0 

1-8 

8«tt 

Total  heating-surface  „ 

1908-5 

14-68 

25-16 

Area  of  fire-grate  „ 

75-81 

58 

.. 

Capacity  of  combustion-chamber      cub.  ft. 

55-18 

•42 

•727 

Area  at  throat  of           „                    sq.  in. 

2144-0 

16-5 

'>  1 

„    through  tubes      „ 

1564-18 

12  03 

•>  • 

„    at  mouth  of  uptake     .  .      .  .          „ 

1728-0 

13  3 

22-8 

Capacity  of  boiler,  1460  •  5  cub.  ft. ;  capacity  for  water.  537  cub  ft.  ;  capacity  for  steam,  869  cub  ft 
The  boilers  for  H.M.S.  'Audacious,'  800  H.P.,  are  made  on  two  plans,  one  by  Kavmhill. 
Hodgson,  and  Co.,  and  the  other  by  Capt.  A.  A.  Cochrance.  FM».y22, 923.  924,  show  the  boiler  by 
Eavenhill,  Hodgson,  and  Co.  The  number  of  tubes  is  409 ;  length  of  tubes,  6  ft  7  in. ;  OlMdl 
diameter  of  tubes,  3  in. ;  estimated  weight  of  boiler,  22  tons  5  cwt ;  estimated  weight  of  water, 
14  tons  5  cwt.  2  qrs. 


Each 

ToMtbteot 

Tout 

nominal  m*. 

of  Oraw. 

Heafing-surface  in  tubes     ..      ..      sq.ft. 
„            „            furnaces,  Ac.             „ 

2208-6 
804-78 

}',  :,.; 
2-2« 

25-175 
8-47 

Total  heating-surface  „ 

2573-38 

18*88 

•>  •  | 

Area  of  fire-grate          »» 
Capacity  of  combustion-chamber      cub.  ft. 
Area  at  throat  of          n              ..      sq.  in. 

87-725 
105-43 

s;»6o-o 

>f| 
•8 
26-7 

l"l 

1"  • 

„      through  tubes      „ 

2429-0 

i-  n 

n  -  - 

„      at  mouth  of  uptake    .  .      .  .          „ 

1980-0 

14-85             »  47 

Capacity  of  boiler,  1898  cub.  ft. ;  capacity  for  water,  519 -68  cub,  ft ;  capacity  for  steam,  488 

cub.  ft. 
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915. 


Longitudinal  sectional  elevation. 
916. 


Transverse  sectional  elevation. 
917. 
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Sectional  elevation. 


Transverse  section. 
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Figs.  925,  92C,  927,  exhibit  Capt.  Cochrane's  plan.  The  particulars  are :— Number  of  steel 
tubes,  870;  length  of  steel  tubes,  3  ft.  6  in.  ;  outside  diameter  of  steel  tubes,  If  in. ;  estimated 
weight  of  boiler,  24  tons  2  qrs. ;  estimated  weight  of  water,  12  tons  8  cwt.  2  qrs. 


Total 

Eich 

To  each  foot 

nominal  n.r. 

of  Orate. 

Heating-surface  in  tubes  sq.ft. 

1395-44 

10-5 

15-9 

„           furnaces,  &c  „ 

513-19 

8-84 

5-85 

Total  heating-surface         „ 

1908-63 

14-34 

21-75 

Area  of  fire-grate        

87  '725 

•65 

Capacity  of  combustion-chamber      cub.  ft. 

282-0 

3-21 

Area  at  throat  of            „                  sq.  in. 

2905-0 

21-7 

33-11 

„     between  close  tubes  „ 

3192-0 

23-2 

36-4 

„     under  trap  or  water-space        „ 
„     between  smoke-box  door  and  water-space          „ 

2728-0 
2898-0 

20-4 
21  7 

31-1 
33-0 

..     at  mouth  of  uptake  „ 

2016-0 

15-2 

22-98 

Capacity  of  boiler,  1898  cub.  ft.;  capacity  for  water,  445-3  cub.  f fc ;  capacity  for  steam,  483-25 
cub.  ft. 
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SECTION  THROUGH  UPTAKE 
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H.M.S. '  Chanticleer,'  200  H.P.,  ia  fitted  with  boilers  designed  by  Oapt.  Cochrane  and  by  the 
Government  Factory  at  Woolwich  respectively.    Figs.  928,  929,  930,  represent  those  by  Catit. 
Cochrane.    Number  of  steel  tubes,  929 ;  length  of  steel  tubes,  2  ft.  6  in. ;  outside  diameter  of  cteel 
tubes,  1J  in. ;  actual  weight  of  boiler,  18  tons  18  owt.  2  qrs.  18  Ibs. ;  actual  weight  of  water.  8  ton 
llcwt.  221bs. 


Total. 

Each 

Tor«ch  foot 

noiuMi.il  H.r. 

ofUnle. 

Heating-surface  in  tubes     .  .      .  .       sq.  ft. 

758  6 

10-53 

15-6 

„                „          furnaces,  &c.             „ 

241  •  89 

3-35 

5-0 

Total  heating-surface   „ 

1000-49 

13-88 

20-6 

Area  of  fire-grate  „ 

48-37 

•67 

Capacity  of  combustion-chamber      cub.  ft. 

158-7 

2-204 

32 

Area  at  throat  of           „                      aq.  in. 

2160  0 

30  0 

44-66 

„    between  close  tubes     .  .      .  .           „ 

1545-0 

21-45 

32  15 

„    under  trap  or  water-space  .  .          „ 

1486-0 

20-64 

30-72 

„    at  mouth  of  uptake     .  .      .  .          „ 

1053  0 

14-62 

21-77 

Capacity  of  boiler,  1384 '87  cub. ft.;  capacity  for  water,  306  7  cub.  ft.;  capacity  for  steam,  454 '5 
cub.  ft. 
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Figs.  931,  932,  933,  show  the  Woolwich  Factory  boilers.  The  number  of  brass  tubes,  337 ; 
length  of  brass  tubes,  5  ft.  6  in  ;  outside  diameter  of  brass  tubes,  2J  in. ;  actual  weight  of  boiler, 
19  tons  2  cwt.  3  qrs.  8  Ibs. ;  actual  weight  of  water,  11  tons  3  qrs.  7  Ibs. 


Tot'll 

Each 

To  each  foot 

nominal  H.P. 

of  Grate. 

Heating-surface  in  tubes     ..      ..       sq.ft. 

1213-2 

16-84 

26-08 

„               „           furnaces,  &c.             „ 

176-39 

2-45 

3-8 

Total  heating-surface   „ 

1389-59 

19-29 

29-88 

Area  of  fire-grate  „ 

46-51 

•646 

Capacity  of  combustion-chamber       cub.  ft. 

121-84 

1-69 

2-62 

Area  at  throat  of          „                      sq.  in. 

1075-0 

14-93 

23-11 

„     through  tubes      „ 

1337-8 

18-58 

28-78 

„     at  mouth  of  uptake     .  .      .  .            „ 

888-0 

12-33 

19-1 

Capacity  of  boiler,  1384-87  cub.  ft. ;  capacity  for  water,  395 '7  cub.  ft. ;  capacity  for  steam,  454-5 
cub.  ft. 
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Stationary  Boilers.— The  boiler  shown  in  Figs.  934,  935,  was  designed  by  A  W 
and  L.  P«rkins  for  very  high  pressure  steam  with  great  expansion.  It  sum.ik* 
engine  of  GO  H.P.,  which  works  at  a  pressure  of  500  Ibs.  to  the  square  inch 
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The  boiler  consists  of  a  number  of  horizontal  straight  wrought-iron  tubes  A,  welded  tt  the 
ends,  and  connected  with  one  another  by  smaller  vertical  pipes  B.  These  tubes  contain  the  water 
to  be  evaporated,  and  the  steam,  whilst  the  fire  is  outside  them.  It  is  essential  that  the  larger 
tubes  be  horizontal  or  nearly  so,  and  that  each  of  them  be  connected  to  the  next  tube  by  meant 
of  two  of  the  connecting-pipea.  The  boiler  contains  five  layers  of  the  larger  tube*  of  2J  in. 
internal  and  3  in.  external  diameter ;  the  connecting-pipes  are  J  in.  internal  and  1 1  in.  extern*! 
diameter.  In  working,  the  water-level  is  in  the  middle  layer  of  tubes,  as  shown  by  the  dotted 
line  in  Figs.  934,  935 ;  it  remains  free  from  the  violent  undulations  which  oocnr  frequently  in 
boilers  where  the  internal  space  is  not  divided  off.  It  is  probable  that  a  circulation  establishes 
itself  in  the  water,  which  rises  with  the  bubbles  of  steam  through  the  vertical  connecting- 
pipe  at  one  end  of  the  tube,  and  descends  by  itself  through  that  at  the  other.  The  gases  from 
the  fire  pass  backwards  and  forwards  between  the  layers  of  tubes,  as  shown  by  the  arrows  in 
Fig.  935,  and  remain  long  enough  in  contact  with  them  to  allow  of  a  very  good  absorption  of  the 
heat.  In  another  similar  boiler  used  for  sorao  time,  there  were  eight  layers  of  tubes  abore  tha 
fire.  The  boiler  is  thus  made  up  of  a  number  of  vertical  subdivisions  arranged  side  by  side,  earn 
containing  five  to  eight  parallel  tubes.  The  several  sections  are  all  connected  together  at  the 
bottom,  by  means  of  a  cross  tube  0,  with  connecting-pipes  to  each  section,  through  which  the  water 
finds  the  same  level  in  all  the  sections.  The  steam  is  taken  off  through  a  similar  cross  tube  D  at 
the  top  of  the  boiler,  with  a  connecting-pipe  to  the  highest  tube  of  each  section.  All  the  sectioo* 
are  proved  with  water  pressure  up  to  3000  Ibs.  the  square  inch. 

The  boiler  has  about  12  sq.  ft.  of  grate-surface,  but  the  total  area  of  the  air-Bpaces  between  the 
bars  dpes  not  amount  to  more  than  is  supplied  by  G  sq.  ft.  of  ordinary  grate-Burfacc :  and  accord- 
ingly the  fire  is  large  but  slack.  The  total  heating-surface  amounts  to  882  sq.  ft.  The  capacity 
is  about  40  cub.  ft.,  half  of  which  is  water-space  and  half  steam-room.  The  whole  boiler  M 
firmly  held  together  by  cast-iron  girders,  and  encased  in  non-conducting  sides  and  top  made  of 
four  thicknesses  of  light  plate  riveted  together  and  kept  about  }  in.  apart  by  ferrules,  so  as  to 
form  three  closed  air-chambers.  This  arrangement  is  specially  adapted  for  marine  1*  >ilcrs. 

The  flue  from  the  boiler  is  made  to  pass  through  a  W  containing  the  three  cylinders  of 
engine,  passing  first  down  the  small  or  high-pressure  cylinder,  then  up  the  middle  one,  and  finally 
acting  on  the  low-pressure  cylinder.     The  temperature  of  the  gases  in  this  box  varies  from  W 
to  500°  Fahr.     After  leaving  the  box,  they  pass  downwards  through  a  vertical  square  flue  1 
Imiu'.  giving  up  their  remaining  heat  to  the  feed-water  which  is  forced  up  through  a  wronjrbt-imo 
coil  of  |-in.  pipe  contained  in  the  flue,  having  200  sq.  ft.  of  heating-Hurfnoo.    At  the  li 
this  flue  the  gases  enter  a  vertical  iron  funnel  of  40  ft.  height  and  24  in.  diameter. 
BO  completely  abstracted  by  the  feed-water  coil,  that  after  leaving  it  the  gases  have  never  b 
found  hotter  than  100°  Fahr. 

This  small  quantity  of  heat  in  the  chimney  gave  sufficient  draught  to  canoe  the  era 
8J  cub.  ft.  of  water  an  hour  in  the  boiler ;  but  by  the  aid  of  a  small  fun,  driven  by  a  bd 
main  shaft  of  the  engine,  the  evaporation  was  usually  kept  at  15  cub.  ft.  an  hour. 
ting  power  of  the  boiler  was  tested  by  means  of  a  water-meter,  and  in  an  experiment  r 
duration  390  Ibs.  of  anthracite  coal  evaporated  420  gall*,  of  water,  which  is  about  I" 
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water  the  lb.  of  coal.    There  is  no  doubt  that  a  larger  boiler  with  small  proportionate  loss  of  heat 
by  radiation  to  the  outer  air  would  give  a  still  more  favourable  result. 

Fig.  93G  is  an  elevation,  and  Fig.  937  a  plan,  both  in  section,  of  Thomas  Dunn's  vertical  boilei. 


936. 


a  is  the  shell,  b  the  grate,  c  the  fire-box ;  t  is  a  large  pipe  which  is  kept  full  of  water,  the  com- 
munication between  the  water-space  surrounding  the  fire-box  being  effected  by  the  branch  pipes  t' : 
to  the  outside  of  the  tube  £,  and  to  the  inside  of  the  fire-box,  are  riveted  T  or  angle  irons,  to  hold 
in  position  the  fire-clay  or  other  slabs  <•',  shown  in  Fig.  937 ;  these  slabs  and  the  tube  t  form  the 
partition  to  separate  the  up-draught  from  the  down-draught ;  and  the  fire-clay  of  the  slabs  when 
red-hot  ignites  the  smoke,  and  consumes  it  before  it  arrives  at  the  flue  v  communicating  with 
the  chimney. 

Dunn's  vertical  boiler  with  two  fire-grates  is  shown  in  Figs.  938,  939.  a  is  the  shell,  b  b  the 
grates,  c  the  fire-box,  divided  in  the  centre  by  the  two  water-partitions  W,  W,  the  space  between 
which  forms  the  down-flue.  The  upper  end  of  the  partitions  W,  W,  is  partially  closed  by  a  per- 
forated fire-clay  top  W,  the  object  of  which  is  to  ignite  the  inflammable  gases,  and  to  prevent 
the  passage  of  smoke  into  the  down-draught  flue.  At  the  bottom  of  the  down-flue  are  placed  the 
pipes  V,  through  which  the  feed-water  passes,  and  is  thus  partially  heated  in  passing  to  the 
boiler. 

Figs.  940  to  944  illustrate  a  very  novel  and  useful  arrangement,  introduced  by  Hawksley, 
Wild,  and  Co.,  of  Sheffield.  It  consists  in  building  a  furnace  for  puddling,  heating  iron  and  steel 
or  other  material,  inside  the  boiler-flue,  thereby  utilizing  the  waste  heat. 

A  is  the  steam-dome ;  B,  furnace-door,  the  doors  are  placed  on  both  sides  of  the  Furnace,  so 
that  it  can  be  worked  as  a  right  or  left  hand  furnace,  or,  in  case  of  long  forgings,  right  through ; 
C,  firing-hole  door ;  D,  fire-brick  lining  of  furnace ;  E,  furnace-bed ;  F,  slag-bridge ;  G,  tapping- 
hole  for  furnace-slag  ;  H,  heat-retainer  for  furnace-neck ;  I,  circulating  water-tubes ;  K,  flange 
arrangement,  for  expansion,  contraction,  strengthening,  reducing  flue,  and  retaining  the  heat. 

Robert  Daglish  and  Co.'s  multitubular  boiler  is  shown  in  Figs.  945,  946,  947.  A,  A,  is  the  stop- 
valve  with  safety-valve,  B  steam-dome,  C  manway  and  cover,  D  chimney  and  damper,  E  steam- 
gauge,  F  water-gauge  and  gauge-cocks,  G  feed-valve  and  pipes,  '  mud-hole  for  clearing  out. 

Samuel  Smart  and  Co.'s  vertical  syphon  water-tube  boiler,  shown  in  Figs.  948,  949,  is  of 
simple  construction,  consisting  of  a  cylindrical  shell  with  internal  cylindrical  fire-box,  from  the 
crown  of  which  the  water-tubes  are  suspended,  hanging  free  into  the  fire.  Every  part  of  the  boiler 
is  easy  of  access  for  the  purpose  of  cleaning ;  and  as  no  strain  is  thrown  upon  any  part  by  expansion 
or  contraction,  the  tubes  being  fixed  at  one  end  only,  the  boiler  is  less  liable  than  many  other  kinda 
to  get  out  of  order,  and  a  great  source  of  expense,  in  the  shape  of  repairs,  is  thereby  avoided. 

Into  each  of  the  water-tubes  a  syphon  is  inserted,  which  extends  down  into  the  water-space  of 
the  boiler  a  short  distance  beyond  the  ends  of  the  tubes.  These  syphons  act  as  circulating  tubes 
When  the  boiler  is  at  work,  supplying  the  water-tubes  constantly  with  water  from  the  water- 
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casing,  where  it  has  a  tendency  to  keep  cooler  than  in  the  upper  part  of  the  boilor  I  ,.<  I  , 
of  the  circulation  through  the  syphons  the  temperature  is  equalized 

The  tubes  used  under  ordinary  circumstances,  in  stationary  end  marine  boilers,  are  of  an 
~        *  m'  * m>'  exception  of  the  portable  boilers,  in  w 
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Stationary. 


In  the  portable  boiler,  Fig.  949,  the  water-space  surrounding  the  fire-box  is  omitted  for  the 
sake  of  lightness,  and  the  hanging  tubes  are  simply  enclosed  in  a  sheet-iron  casing  which  carries 
the  fire-grate.  The  central  flue  is  carried  down  below  the  grate,  and  a  water-apace  of  the  sosr* 
of  an  inverted  cone  is  constructed  around  this  flue,  with  short  lateral  flues  for  the  escape  of  the 
smoke.  Into  this  water-space  the  ends  of  the  syphon  tubes  are  taken,  and  the  action  will  \« 
precisely  as  in  the  stationary  boiler  already  described.  The  blow-off  cock  is  situatai  at  tlio 
bottom  of  the  conical  water-space,  and  into  the  bottom  opening  of  the  flue  the  exhaust-pipe  of  flat 
engine  is  fitted  so  as  to  close  the  opening,  the  nozzle  of  the  exhaust-pipe  terminating  jtut  above 
the  lateral  smoke-flues,  and  the  exhaust  steam  is  by  this  arrangement  made  to  produce  a  powerful 
'  blast.  In  cases  where  even  this  central  cone  adds  too  much  to  the  weight  of  the  boiler  it  is 
dispensed  with,  and  the  circulation  and  blowing  out  is  provided  for  by  means  of  a  peculiar 
arrangement  of  two-way  cocks,  and  the  boiler  is  made  without  any  water-raring  at  all. 

By  using  very  small  tubes  in  these  boilers,  a  large  amount  of  heating-surface  can  be  put  into 
a  very  small  space ;  and  as  the  boiler  contains  only  a  small  quantity  of  water,  which  i»  made  to 
circulate  very  rapidly  over  a  large  surface  in  very  thin  streams,  steam  is  generated  in  a  few 
minutes,  and  with  a  good  blast  in  the  chimney  a  quantity  of  steam  in  supplied  for  any  length  of 
time. 

Howard's  boiler,  Figs.  950,  951,  952,  953,  consists  of  a  series  of  vertical  tubes,  4  ft.  6  in.  long  and 
7  in.  in  diameter,  of  wrought  iron,  welded,  and  closed  at  the  upper  end  by  flat  plate*  ICM  than 
half  an  inch  thick  welded  in.  Round  the  lower  end  of  these  tubes  a  heavy  ring  of  cast  iron  with 
two  projecting  lugs  Is  fixed.  The  tube  is  roughened  at  the  lower  etui  ff»r  a  length  of  about  4  in., 
it  is  then  placed  in  a  mould  and  the  metal  cast  about  it.  There  results  so  perfect  a  union  that 
the  tube  and  the  pipe  are  virtually  rendered  one.  The  tubes  are  disposed  in  tnuurene  row* 
in  a  flue  intervening  between  the  furnace  proper  and  the  chimney.  The  lower  ends  of  all  tna 
tubes  in  a  transverse  row  are  united  by  a  cast-iron  tube  about  10  in.  in  diameter  outside,  and  «-f 
considerable  thickness.  This  tube  is  further  strengthened  by  transverse  perforated  partitions, 
It  will  be  seen  that  on  the  upper  side  of  each  cast-iron  tube,  flat  piece*,  or  poxlr^taln,  are  east.  In 
each  of  these  is  turned  an  annular  groove  as  wide  as  the  end  of  the  vertical  tul>o  in  thick,  mj  \  in, 
and  of  considerable  depth.  The  ends  of  the  vertical  tubes  project  slightly  beyond  thi-ir  eaat-l 
base  rings,  and  this  projection  fits  into  the  circular  channel  before  referred  to.  The  end  of  the 
tube  is  turned  off  in  the  lathe. 

In  two  opposite  corners  of  the  squares  or  pedestals  on  the  cast-iron  tube,  recesses  y> 
and  into  each  of  these  is  slipped  a  heavy  gun-metal  tapped  nut.     These  nuts  can  be  drawn 
or  put  in  laterally,  but  they  are  held  down  by  the  cast  iron  of  the  pedestal  which  overhangs  thctn 
on  three  sides.    The  base  rings  of  the  vertical  tul>cs  have  lugs  cast  on  them,  which,  « 
tube  is  put  in  place,  correspond  with  the  gun-metal  nuts  to  which  thi-y  nml  thn  tulw  with  them 
are  secured  by  two  bolts,  one  on  each  side,  screwed  into  the  nuts.    Before  the  tube  is  Put  In  !»*•» 
a  ring  of  composition,  made  of  lead  and  tin,  is  dropped  into  the  annular  grooTfr  fjaj  «jj  > 
end  of  the  tube  rests;  and  being  forced  down  by  the  two  lx.lt,*  nt  "pposite  rides,  m*kj 
tight  at  any  pressure  which  the  tubes  can  sustain,  and  yet  one  which  may  be  made 
ten  times  in  the  day  if  necessary. 

Each  tube  has  within  it  an  internal  one,  nimilur  t<>  thnt  iatfodwed  by  <•>£"» "• 
the  water-space,  dividing  the  water  into  annular  and  central  columns.    The  current  of  i 
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gases  impinging  upon  the  tubes,  causes  the  water  in  the  outer  space*  to  rise  to  the  top  and  flow 
down  to  the  bottom  of  the  inner  tubes ;  in  consequence,  a  most  active  circulation  u  kept  up  i 
every  part  of  the  boiler. 

From  the  upper  ends  of  the  tubes  a  short  piece  of  welded  gas-pipe  rises.  This  pipe  serves  to' 
carry  off  the  steam  to  the  main  steam-pipe.  Between  every  double  row  of  generating  tube*  one 
steam-pipe  is  fixed  horizontally,  and  the  short  tubes  are  bent  over  by  an  easy  curve  and  imtuJ 
on  to  the  sides  of  these  secondary  steam-pipes.  All  the  secondary  pipes  open  into  one  large  pipe 
running  at  right  angles  to  them.  On  this  is  fixed  the  safety-valve,  and  to  a  flange  at  one  cud  the 
steam-pipe  to  the  engine,  or,  where  more  boilers  than  one  are  used,  a  branch  of  that  pipe  is  Axed. 
The  effect  of  this  arrangement  is  that  the  generating  tubes  are  only  secured  at  one  enoVand  omn, 
therefore,  expand  or  contract  as  they  like  without  imposing  any  strain  on  any  part  of  the  boilrr. 
The  steam-pipes  are  also  free  to  move  as  they  wish,  the  curve  in  the  amaUpipee  from  the 
generating  tube  providing  sufficient  elasticity  to  meet  any  demands  which  are  likely  to  be 
made  on  them.  The  cast-iron  bottom  mains  can  expand  and  contract  as  they  please,  and  in  any 
direction. 

The  manner  in  which  the  feed-water  is  introduced  will  be  easily  comprehended.  Each  trans- 
verse main  has  its  own  supply-pipe. 

The  furnace  consists  of  the  fire-chamber  proper,  which  contains  the  grate,  covered  by  a  heavy 
brick-arch.  In  front  of  this  is  the  tube-chamber,  answering  very  much  to  the  hearth  of  a  puddling 
furnace ;  and  under  this  last  the  flues  are  returned  before  going  to  the  chimney.  It  U  one  of  the 
distinguishing  principles  of  this  boiler,  that  no  joint  of  any  kind  in  exposed  to  the  action  of  the 
fire,  or  heated  products  of  combustion,  while  they  retain  a  temperature  much  above  that  of 
the  steam  within  the  boiler.  In  order  to  carry  out  this  object,  the  tiers  of  vertical  tubes  are  set 
as  follows  : — The  transverse  cast-iron  mains  rest  on  side  walls,  and  a  central  wall  which  establishes 
a  wheel  draught ;  the  mains  are  fixed  rather  closely  together,  and,  as  soon  aa  they  are  put  in  pUoc, 
cast-iron  plates  are  laid  between  them  on  flanges  or  ribs  cast  on  the  sides  of  the  mains  for  the 
purpose ;  on  these  are  laid  bricks  and  fire-clay  to  such  a  height  aa  to  cover  the  junctions  of 
the  tubes  with  the  mains  effectually ;  the  lower  half  of  the  mains  project  into  the  under-flues  and 
absorb  the  last  dregs  of  heat  from  the  gases  on  their  flight  to  the  chimney.  On  the  upper  ends  of 
the  tubes  wrought  or  cast  iron  plates  are  also  laid,  and  these  are  covered  with  six  or  eight  inches 
of  sand  to  keep  in  the  heat.  By  taking  off  the  sand  and  removing  a  couple  of  plates,  access  may 
always  be  had  to  the  interior  of  the  tube-chamber.  It  will  be  remarked  that  the  whole  tube, 
steam-space  and  all,  being  exposed  to  the  heat,  its  upper  portion  would  be  liable  to  rapid 
destruction.  To  prevent  this  a  provision  apparently  insignificant,  but  really  very  imporUut,  u 
introduced,  in  the  shape  of  certain  screens  of  fire-clay,  which  extend  across  the  tube-chamber  and 
protect  the  upper  portions  of  the  tubes  from  the  impact  of  the  flame. 


Fig.  954  is  a  longitudinal  section  of  one  of  T 
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boiler  is  at  right  angles  to  the  upper  portion,  and  is  contained  in  n  rham^i 
the  products  of  combustion  on  leaving  the  flue  surround  tho  lower  part  c 
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escape  to  the  chimney  by  the  flue  B.  In  this  boiler  the  fire-brick  bridge  rests  upon  a  hollow  per- 
forated cast-iron  chamber,  within  which  is  a  sliding  wedge  block ;  this  block  is  now  shown  open  to 
admit  air  behind  the  bridge,  and  it  can  be  closed  from  the  front  of  the  boiler  by  the  handle  and 
rod  shown  in  the  figure.  The  pipes  for  heating  the  feed-water  are  placed  in  the  flue ;  and  as 
these  pipes  are  connected  to  the  upper  and  lower  sides  of  the  flue,  there  will  be  a  constant  circu- 
lation in  the  feed-water  pipes. 

Charles  T.  Boardman's  arrangement  for  a  boiler  consists  of  two  cylindrical  boilers  A  A,  Figs.  955, 
95G,  placed  side  by  side,  and  one  inclined  tubular  boiler  B,  arranged  below  the  near  portions  of  the 


cylindrical  boilers,  to  which  it  is  fastened  by  the  water-legs  C  C.  The  object  of  this  arrange- 
ment is  to  provide  for  the  collecting  and  retaining  of  the  sediment  contained  in  the  water  in  the 
coolest  portion  of  the  generating  apparatus.  An  air-duct  6  and  a  mixing-chamber  H  for  the  ad- 
mission of  air  from  the  ash-pit,  L,  to  mix  with  the  gases  of  combustion,  are  also  peculiar  to  this 
boiler.  D  D  are  walls  for  setting ;  E,  the  pier ;  F,  connected  parallel  upright  walls ;  g,  the  return 
flue ;  G,  the  fire-place ;  I,  J,  the  bridge- walls ;  d  d,  flues. 

Fig.  957  is  a  longitudinal  vertical  section  of  the  Field  boiler.    The  furnace  is  constructed  of 
brickwork  in  the  ordinary  manner,  a  large  flue  or  chamber  being  formed  at  the  back,  into  and 
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through  which  the  heated  products  of  combustion  pass  to  the  chimney.  Across  this  flue  or  chamber 
are  placed  a  number  of  inclined  cast-iron  tubes  a,  connected  by  flanged  joints  with  bolts  and  nuts 
at  their  higher  extremities  to  a  longitudinal  cast-iron  tube  6,  constituting  the  main  steam-space. 
A  corresponding  longitudinal  cast-iron  tube,  similarly  connected  to  the  lower  ends  of  the  inclined 
tubes,  and  protected  by  brickwork  from  the  direct  action  of  the  products  of  combustion,  serves  as 
an  equivalent  for  the  water-casing  employed  in  the  ordinary  vertical  Field  boiler,  and  constitutes 
a  receptacle  for  the  collection  and  deposit  of  sediment.  The  under-sides  of  the  inclined  cast-iron 
tubes  have  bosses  cast  upon  them,  as  shown,  and  tapering  holes  are  bored,  into  which  the  wrought- 
iron  Field  tubes,  d,  are  drifted  in  such  manner  that  they  hang  down  into  the  flue.  On  the  upper 
part  of  the  inclined  pipes  are  formed  a  number  of  bosses,  through  which  holes  are  drilled  above 
each  of  the  Field  tubes,  and  rather  larger  in  diameter  than  the  latter,  thus  affording  ready  means 
of  access  not  only  to  them  but  likewise  to  other  parts  of  the  interior  of  the  boiler.  Each  hole  is 
closed  by  a  tapering  plug,  secured  in  its  position  by  two  bolts  and  nuts.  The  radiation  of  heat  is 
prevented  by  iron  plates  resting  on  ledges  above  the  inclined  tubes,  and  covered  with  ashes. 
Cast-iron  plates  are  placed  across  the  upper  and  lower  parts  of  the  flue,  for  directing  the  course  of 
the  products  of  combustion,  so  that  they  may  impinge  in  the  most  efficient  manner  upon  the  Field 
tubes,  the  circulation  of  the  water  in  which  is  of  a  very  perfect  character. 

Wright's  diagonal  seam  boiler  is  shown  in  Fig.  958.  It  will  be  observed  that  in  this  boiler  no 
three  corners  meet ;  this  renders  the  boiler  much  stronger  than  the  ordinary  straight  seam  boiler. 

Figs.  959,  961,  show  sections  of  Hawksley,  Wild,  and  Co.'s  single-flued,  and  Fig.  960  cross- 
section  of  their  double-flued  boiler.  The  flue  is  strengthened  by  flanging  the  smaller  rings  of 
plate ;  each  flange  in  this  flue  is  an  expansion-joint,  which  allows  the  separate  rings  to  expand 
and  contract  without  increasing  the  steam  upon  the  ends  or  shell  of  the  boiler.  A,  Fig.  96J, 
phows  the  combustion-chamber. 
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Martin  Benson's  high-pressure  boiler  is  shown  in  Figs.  9C2  to  964.  Fig.  9C2  u  a  front  elevation. 
showing  the  receiver  and  circulating  pump ;  Fig.  963  is  a  longitudinal  aectioo  of  the  boiler ;  ana 
Fig.  964  a  transverse  section  at  right  angles  to  Fig.  963. 

The  boiler  is  composed  entirely  of  tubes,  A,  Fig.  9G3,  arranged  in  a  aeries  of  horizontal  rows  over 
the  fire.  B  B  are  doorways  at  the  front  and  back  of  the  boiler,  for  fixing,  «li«conn«vtinp.  and 
taking  out  the  tubes.  C,  Fig.  962,  is  the  water  and  steam  receiver;  D  tho  cin-ulntiiiK'  pumi>.  wkicfc 
draws  its  supply  of  water  from  the  receiver  C,  and  is  worked  by  the  small  donkey -engine  K  abutfc 
F  is  the  main  supply-pipe  from  the  circulating  pump,  to  which  the  lowest  tube*  of  each  section  of 
the  boiler  are  connected.  G  is  the  main  delivery-pipe,  to  which  the  top  tubes  of  each  notion  urn 
joined,  and  into  which  the  water  and  steam  together  are  delivered  from  the  tubes  and  thcnoe 
discharged  into  the  upper  part  of  the  receiver  C. 

The  steam  generated  in  the  tubes  is  driven  up  with  tho  water  thmnph  the  tubes  and  dis- 
charged through  the  pipe  G  into  the  receiver  C,  when-  the  stonm  and  water  am  wparatwl ;  and 
the  water  is  then  again  taken  by  the  circulating  pump  ninl  rrtunml  int'>  tin-  tulx-n.  In  »UrUfJfj 
the  boiler,  the  receiver  is  supplied  with  water  until  its  1<  vi  1  n  ii<-lic»  the  fifth  "r  sixth  mw  of  tube* 
from  the  bottom,  as  shown  by  the  dotted  lino:  as  tho  circulating  pump  i*  Mmi'ling  still  *<  fln*» 
in  consequence  of  having  no  steam  to  work  it,  the  slide-valve  i*  allownl  t<>  IH-  lifd  .1  off  iU  (a<»  by 
the  pressure  of  the  water,  and  lets  the  water  flow  pa»t  the  pump  dinvt  thmngfa  into  !»•  t« 
The  fire  is  then  lighted  and  steam  raised  from  the  water  in  the  tubas  which  start*  the  cirrulaUaf 
pump  to  work. 
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Benson's  boiler  was  first  introduced  in  the  United  States,  but  the  one  we  have  described  has 
for  many  years  supplied  steam  for  o  60-u.r.  ateam-eugine  at  Jamea  Euasell  and  Sons'  works  at 
Wednesbury. 

963. 
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Fig.  965  shows  one  of  Loader  and  Child's  boilers.  The  principal  feature  of  this  boiler  is  the 
introduction  of  a  reservoir  or  steam-chest  in  the  centre  or  heart  of  the  boiler,  which  receives  the 
steam  as  it  is  generated,  thereby  providing  dry,  and,  to  a  con- 
siderable extent,  superheated  steam ;  and  at  the  same  time  the 
action  of  this  boiler  is  to  throw  a  thin  body  of  water  to  the 
heating-surfaces,  by  which  means  steam  Is  rapidly  generated 
by  a  small  quantity  of  concentrated  heat. 

The  boiler,  Fig.  965,  is  the  one  which  Loader  and  Child 
construct  for  small  purposes.  It  has  a  cast-iron  vertical  case, 
with  a  copper  cone  or  shell ;  the  supply-tank  is  formed  round 
the  case  and  sides,  and  is  heated  by  the  flues  on  the  reverse 
side.  By  this  means  much  of  the  heat  is  utilized.  The  boiler 
shown  in  Fig.  965  is  usually  heated  by  gas  when  not  more  than 
2-horse  power  is  required,  but  this  boiler  is  easily  arranged  so 
that  ordinary  fuel  may  be  employed. 

Locomotive  Boilers. — We  give,  with  some  alterations,  the  fol- 
lowing illustrations  of  locomotive  boilers  from  Zerah  Colburn's 
valuable  work  on  '  Locomotive  Engineering.' 

In  a  locomotive  boiler  the  outside  and  inside  fire-boxes  are 
made,  the  former  of  iron  and  the  latter  of  copper.  The  water- 
space  between  them,  and  which  completely  surrounds  the  inner 
fire-box,  is  closed  at  the  bottom  by  a  square  bar.  This  bar  is 
bent  and  welded  to  the  proper  form,  to  extend  around  the 
bottom  of  the  inside  fire-box,  and  it  is  riveted  and  tightly 
caulked  to  both  fire-boxes.  The  water  in  the  water-spaces  is 
in  free  communication  with  the  rest  of  the  water  in  the  boiler ; 
and  thus  the  flat  sides  of  the  respective  fire-boxes  are  exj 


to  the  full  pressure  of  the  steam,  which  tends  to  burst  the  outside  fire-box,  and  to  collapse  the 
inside  fire-box.  These  flat  sides,  by  themselves,  would  be  unable  to  resist  the  strain  upon  them ; 
but  as  the  strain  upon  the  respective  fire-boxes  is  in  opposite  directions,  and  necessarily  equal 
for  equal  areas  of  surface,  tie-bolts,  or,  as  they  are  called,  stay-bolts,  are  screwed  through  the 
plates  at  frequent  intervals,  so  as  to  connect  the  two  fire-boxes  securely  together,  the  ends  of  the 
stay-bolts  being  also  riveted,  or  spread  out  by  hammering  so  as  still  further  to  increase  their 
holding  power. 

The  flat  top  of  the  inside  fire-box  is  of  course  equally  weak  with  the  sides.  It  could  not  be 
satisfactorily  secured  by  stay-bolts  to  the  roof  of  the  outside  fire-box,  and  it  is  stiffened,  therefore, 
by  a  series  of  iron  bars,  placed  on  edge,  and  of  considerable  depth,  and  which  are  firmly  con- 
nected to  the  roof  or  crown  of  the  inside  fire-box  by  rivets.  The  roof,  therefore,  can  only  be 
crushed  downwards  by  bending  these  bars,  which  are  of  great  strength,  at  the  same  time.  These 
bars  usually  extend  in  the  direction  of  the  length  of  the  fire-box,  as  shown  in  Fig.  966 ;  but  they 
may  extend  across  it,  as  shown  in  section  on  the  roof  of  the  inside  fire-box  in  Fig.  967.  These 
stay-bars  bear  on  the  fire-box  only  for  a  short  distance  at  each  end,  iron  rings  or  washers  being 
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interposed  between  them  and  the  roof-plate  at  the  points  where  the  bolts  or  riveU  which  . 

the  bars  pass  through.    This  permits  the  water  to  circulate  under  the  bars,  and  n 

plate  from  being  burnt,  as  it  would  be  if  the  water  were  excluded  from  the  whole  undaMu&eTof 
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A  horizontal  grate  of  thin  and  deep  bars  is  fitted  across  the  bottom,  forming  the  bottom  of  the 
fire-box ;  and  a  door  is  made  to  open  into  the  fire-box  from  the  foot-plate.  The  opening  for  the 
door  has  to  be  made  through  the  plates  of  both  fire-boxes ;  and  in  order  to  keep  the  waU-r-*|fluv 
tightly  closed,  a  ring  of  iron,  of  which  the  inner  diameter  corresponds  with  that  at  the  door,  it 
riveted  between  the  outside  and  inside  plates. 

Thin  brass  tubes,  generally  2  in.  in  diameter,  and  from  10  ft.  to  12  ft.  long,  are  employed  to 
conduct  the  hot  gases  from  the  fire-box  to  the  chimney,  the  number  of  tubes  varying,  according 
to  the  size  of  the  engine,  from  100  to  200,  or  more.  The  arrangement  of  these  tubes,  the  upper- 
most row  of  which  is  covered  by  from  6  in.  to  8  in.  of  water,  is  shown  in  all  our  sections  of 
locomotive  boilers.  The  front  plate  of  the  inside  fire-box  and  the  front  plate  of  the  cylindrical 
portion  of  the  boiler  are  accurately  drilled,  to  receive  the  ends  of  the  tubes,  which  pass  through 
the  plates,  and  are  made  steam-tight  within  them  by  means  of  ferrules  of  wrought  or  curt  iron, 
\vhich  are  driven  into  the  ends  of  the  tubes,  so  as  to  force  them  tightly  into  contact  with  the 
interior  surfaces  of  the  holes  in  the  tube-plates.  Such  is  the  tightness  with  which  the  tub*  ends 
are  thus  secured  in  their  plates,  that  not  only  is  there  no  leakage  of  water,  as  long  M  the  ioiato 
are  kept  in  good  order,  but  the  tubes  serve  as  ties  to  prevent  the  respective  tube-plate*  from  oetef 
forced  outwards,  as  they  otherwise  would  be,  by  the  pressure  of  the  steam.  Through  that  portion 
of  the  boiler  above  the  tubes  a  number  of  tie-bolts  extend  longitudinally  from  the  smoke-box  tube- 
plate  to  the  back-plate  of  the  fire-box,  to  hold  these  plates  together  against  the  pressure  of  steam 
tending  to  force  them  apart. 

The  tubes  lead  into  a  closed  chamber,  formed  upon  the  front  end  of  the  boiler,  ami  called  the 
emoke-box.  Although  the  smoke-box  has  a  removable  door  in  front,  this  is  tightly  rioted  when 
the  engine  is  ready  for  working,  and  then  there  is  no  inlet  of  air  to  the  smoke-box  except  through 
the  tubes,  and  no  outlet  except  by  the  chimney. 

Before  steam  is  raised,  and  when  the  boiler  is  empty,  it  is  first  filled  with  water  to  the  height 
of  a  few  inches  above  the  fire-box,  by  means  of  a  hose  connected  with  a  cock  placed  on  any  con- 
venient part  of  the  bpiler.  In  order  to  know  when  the  water  is  at  the  right  height  there  ar*  two 
gauge-cocks  fixed  in  the  back-plate  of  the  fire-box,  towards  the  engtneman's  fiint-platr.  the  on* 
cock  a  few  inches  above,  and  the  other  as  much  below  the  proper  level  of  the  watt-r  witlun  th« 
boiler.  These  cocks  have  steam-tight  fittings  connecting  them  with  a  glass  tube,  within  »ln<-h 
the  water,  having  free  access  from  the  boiler  through  the  lower  cock,  is  free  to  rise  and  fall,  UMJ 
surface  of  the  water  in  the  glass  being  under  the  pressure  of  the  steam,  frw-lv  ndniitkxi  tram 
the  boiler  through  the  upper  cock.  The  water  within  the  gauge-glass  thus  ha*  the  iwmo  letel  as 
that  in  the  boiler ;  and  the  engineman  has  only  to  look  at  this  glass  to  tee  what  the  height  of  the 
water  is. 

To  prevent  cinders  and  live  coals  from  falling  through  the  fire-grate  upon  the  li  ,  and  partly 
for  another  reason,  an  ash-pan  is  fixed  beneath  the  fire-box,  and  a  few  inches  off  the  **"•• 

It  is  often  important,  when  the  engine  is  standing,  to  prevent  any  access  of  air  V>  th 
and  hence  the  ash-pan  is  made  to  fit  tightly  to  the  fire-box  on  all  but  the  front  si<l« 
opened  or  closed  at  pleasure  by  a  hinged  plate,  called  the  damper,  whi.-h  i*  adju«U> 
worked  from  the  foot-plate.    When  the  engine  is  running  mpidly,  with  the  damper  open,  a 
advantage  is  also  gained  by  the  rush  of  air  into  the  ash-pan.    At  60  miles  an  I 
second,  the  pressure  of  the  air  against  the  moving  surface  would  be  over  1  ox.  a  •qua 
9  Ibs.  a  square  foot.     For  countries  where  much  snow  falls,  it  is  ncceasarv  \ 
at  the  hind  end  of  the  ash-pan,  as  otherwise  it  would  wx>n  become  choked  will 
was  more  than  a  few  inches  in  depth  of  this  upon  the  ground.    In  going  f 
damper  is  then  closed  and  the  hind  one  opened. 
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The  particulars  we  have  just  given  are  well  illustrated  by  Fig.  966,  which  is  a  section  of  a 
boiler  designed  for  a  goods  locomotive  by  John  Ramsbottom.  Fig.  966  also  shows  the  steam-dome 
and  steam-pipe. 

Fig.  967  indicates  the  type  of  boiler  used  for  passenger  locomotives  by  the  Rogers  Locomotive 
and  Machine  Works,  U.S. 
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Fig.  968  represents  the  boiler  designed  by  Joseph  Beattie,  and  used  on  the  London  and  South- 
western Railway,  for  burning  coal  without  smoke.  The  fire-box  is  divided  by  an  inclined  water- 
partition  into  two  compartments,  each  having  its  own  door,  fire-grate,  ash-pan,  and  damper.  The 
principal  fire  is  maintained  in  the  box  nearest  the  foot-plate.  The  gases  rising  from  the  coal  are 
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met  by  a  number  of  fine  streams  of  air  entering  through  the  perforated  door,  and  both  the  gas  and 
air  rise  through  a  grating  of  fire-clay  tiles  into  the  upper  part  of  the  second  fire-box,  on  the  grate 
of  which  coal  is  burnt  only  slowly,  with  a  slight  and  carefully-regulated  admission  of  air  through 
the  front  damper. 

The  mingling  air  and  gases  are  deflected  downwards  by  a  hanging  water-bridge,  over  a  fire- 
brick arch  and  through  a  series  of  fire-clay  tubes  into  a  combustion-chamber  4  ft.  6  in.  long,  from 
which  more  than  375  small  boiler-tubes  lead  into  the  smoke-box. 

The  boiler  shown  in  Fig.  969  was  designed  by  John  Haswell  for  the  Austrian  State  Railways. 
It  is  used  in  steep-gradient  locomotives  for  curves  of  275  ft.  radius. 

Fig.  970  shows  the  form  of  boiler  constructed  by  James  Cross  for  passenger  engines  on  the 
St.  Helen's  Railway. 
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Fig.  971  represents  the  boiler  for  a  passenger  locomotive  constructed  by  Bobcrt  StepbaoMQ 
and  (Jo.  for  the  Stockton  and  Darlington  Railway. 
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Fig.  972  is  the  type  adopted  on  the  South-Eastem  Railway  for  coal-burning  coupled  passenger, 
engines. 
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Fig.  973  exhibits  a  boiler  for  a  goods  engine  used  by  John  Wakefield  on  the  Great  Southern 
and  Western  Railway,  Ireland. 
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Of  all  the  boilers  we  have  enumerated,  none  is  superior  to  the  Whittle  boiler. 

See  CONDENSERS.  CORNISH  ENGINES.  DETAILS  OF  ENGINES.  ENGINES,  varieties  of.  EXPLO- 
SIONS :  Boiler.  FUEL.  GEARING.  INCRUSTATION  of  Boilers.  JOINTS  :  riveted.  LOCOMOTIVES.  MARINE 
ENGINES.  PARALLEL  MOTIONS.  PYROMETERS.  SLIDE-VALVES.  STATIONARY  ENGINES.  STEAM 
and  the  STEAM-ENGINE.  VALVES. 

Works  relating  to  Boilers : — 'Report  of  the  Committee  of  the  Franklin  Institute  on  the  Strength 
of  Materials  for  Steam-Boilers,'  Philadelphia,  1837.  R.  Armstrong,  '  An  Essay  on  the  Boilers 
of  Steam-Engines,'  8vo,  1839.  T.  Wicksteed,  'On  the  Cornish,  Boulton  and  Watt  Pumping- 
Engines,  and  Cylindrical  and  Waggon-head  Boilers,'  4to,  1841.  T.  Craddock's  '  Chemistry  of  the 
Steam-Engine,'  8vo,  1847.  B.  H  Tl«.rtr>1  '  A  Trpoti««  nn  thfi  Marina  Boilers  of  the  United  States.' 
Philadelphia,'  1851.  Armstrong 


Steam-Engine,'  8vo,  1847.     B.  H.  Bartol,  '  A  Treatise  on  the  Marine  Boilers  of  the  United  States,' 
jmstrong  and  Bourne,  'The  Modern   Practice  of  Boiler  Engineering,' 
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crown  8vo,  1856.  A.  Armengaud,  'Traite  The'orique  et  Pratique  des  Moteurs  a  Vapeur,'  4  vols., 
4to,  Paris,  1861-2.  B.  F.  Isherwood's  'Experimental  Researches  in  Steam  Engineering,'  2  vols.,  4to, 
New  York,  1863-65.  F.  A.  Paget, '  On  the  Wear  and  Tear  of  Steam-Boilers,'  8vo,  1865.  N.  P.  Burgh, 
'  Modern  Marine  Engineering,'  4to,  1867.  V.  Pendred,  "  On 
Water-Tube  Boilers,"  8vo,  '  Trans.  Soc.  of  Engineers,'  1867. 
Zerah  Colburn's  '  Locomotive  Engineering,'  imperial  4to,  1869. 
W.  J.  M.  Rankine,  '  Manual  of  the  Steam-Engine,  crown  8vo, 
1869. 

See  also  papers  by  Dunn,  Colburn,  Russell,  Perkins  and 
Williamson,  Longridge,  Goodfellow,  Spencer,  and  others,  in 
the  '  Transactions  of  the  Institute  of  Mechanical  Engineers,' 
and  papers  by  various  authors,  in  the  'Trans.  Inst.  Naval 
Architects.' 

BOILER-PLATES.  FR.,  Tole  a  chaudiere,  €tole;  GER., 
Kesselplatten ;  ITAL.,  Lamiera  da  caldaic. 

See  BRIDGES.  RIVETED  JOINTS.  STRENGTH  OF  MATERIALS 
OF  CONSTRUCTION. 

BOLSTERS.  FR.,  Estampes,  perfoires ;  GER.,  Lochscheiben ; 
ITAL.,  Cuscinetto. 
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Vo(ster.— In  carpentry,  a  short  piece  of  wood,  Fig.  974,  interposed  horizontally  between  the 
head  of  a  post  and  a  beam  which  it  supports.    It  is  also  called  a  corbel-pifct,  aa  it  ahartOM  th 
bearing  between  the  posts.    The  chief  use,  however,  of  a  bolster  is  to  prevent  the  head  of  the  nod 
crushing  into  the  part  of  the  beam  which  rests  on  it,  when  the  latter  is  heavily  loaded,    fhmfln 
are  generally  used  in  timber  bridges,  masons'  scaffolding,  and  so  on. 

The  term  bolster  has  also  been  applied  to  the  pieces  of  timber  placed  acmes  the  rib*  of  the 
centering  of  an  arch  to  support  the  voussoirs ;  but  these  are  more  generally  known  by  the  "•m 
of  laggin</s, 

BOLTING  MILL.     FR.,  Blutoir;  GEB.,  Beutelmiihle ;  ITAL.,  Buratto,  Frullont;  SPA*.  Ctdan. 

See  BARN  MACHINERY. 

BOLTS.    FR.,  Botilons;  GER.,  Bolzen;  ITAL.,  Chiodi  aperno;  SPAN.,  Grillot. 

See  NETS  and  BOLTS. 

BOND.     FR.,  Appareil,  Assemblage ;  GER.,  Mavenerband ;  ITAL.,  Lfjamtnto  dei  matbmi. 

Bond  is  a  mode  of  connecting  two  or  more  bodies  by  overlapping. 

In  Brickwork  and  Masonry,  it  is  the  mode  by  which  a  number  of  small  pieces  are  combined  to 
form  a  large  mass  so  that  no  joint  in  a  course  shall  occur  over  a  corresponding  joint  in  the  Ttlrt 
course,  which  is  termed  breaking  joint. 

Bricks  are  usually  in  length  about  twice  their  width,  and  in  thickness  about  one-thin!  of  the 
length.  For  bonding,  however,  the  latter  dimension  is  not  of  much  importance,  provided  it  U 
uniform  in  all  the  bricks  of  a  course. 

When  a  brick  is  so  placed  in  a  wall  that  its  greatest  dimension  is  at  right  angles  to  the  faw,  it 
is  called  a  header,  and  when  parallel  to  the  face  it  is  called  a  stretcher. 

The  methods  of  bonding  brickwork  generally  adopted  in  England,  are  known  as  Old  Engluh 
Bond,  Flemish  Bond,  and,  to  a  limited  extent,  Garden-wall  Bond. 

In  Old  English  Bond,  Fig.  975,  a  course  of  headers  alternates  with  a  course  of  stretcher*. 

In  Flemish  Bond,  Fig.  976,  headers  and  stretchers  are  placed  alternately  in  each  course. 

In  Garden-wall  Bond,  Fig.  977,  one  header  is  placed  at  the  end  of  every  three  stretcher*  in 
each  course. 

Of  the  three  methods  of  bonding,  the  Old  English  is  the  strongest,  and  takes  leas  tune  to 
build  than  Flemish  Bond ;  the  joints  are  more  uniformly  broken  tlian  in  the  others,  fewer  batt 
or  broken  bricks  are  required  to  make  the  work  solid,  it  contains  more  headers,  and  consequently 
there  must  be  a  better  tie  between  the  face  and  heart  of  the  wall. 
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Figs.  978,  979,  980,  981,  and  982,  show  sections  of  walla  in  Old  English  Bond,  from  «* 
three  bricks  in  thickness,  with  mode  of  bonding  the  heart  of  such  wnll  ^. 

Flemish  Bond  is  considered  to  have  a  neater  appearance  ;  and  i 
with  bricks  of  a  superior  quality,  a  less  number  is  required  thy 

Fig.  983  is  a  course  of  bricks  laid  in  Old  English,  and  Figs.  984  and 
Flemish  Bond;  in  the  former  the  bricks  all  fit  close  together,  and  none  of  t b, 
broken,  or  snapped,  as  it  is  termed,  except  tho  closer,  the  reason  for  whicfc 
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presently.    In  the  Inttor  the  headers  must  either  be  snapped,  as  in  Fig.  985,  or  the  heart  of  the 
wall  filled  up  with  small  pieces  of  bricks,  as  in  Fig.  981. 
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Garden-wall  Bond  is,  as  the  terra  implies,  chiefly  used  in  the  one-brick  walls  so  frequently 
seen  between  the  back-yards  or  gardens  of  town  residences.  The  necessity  of  preserving  a  fair 
face  on  both  sides  of  the  wall  is  the  cause  of  this  bond  being  used,  as,  owing  to  the  difficulty  of 
procuring  bricks  all  of  one  size,  it  is  impossible  to  build  a  wall  one  brick  thick  in  which  both 
of  the  sides  can  be  worked  fair,  in  either  English  or  Flemish  Bond,  particularly  the  former. 
This  ia  shown  in  Fig.  986,  which  is  a  course  of  headers  laid  in  English  Bond. 


986. 


Fig.  987  shows  how,  by  the  use  of  Garden-wall  Bond,  this  irregularity  in  the  size  of  the  bricks 
is  rendered  less  apparent. 

One-brick  walls  are  frequently  built  in  Flemish  Bond,  but  one-half  of  the  headers  require  to 
be  snapped,  which  leaves  no  more  cross-tie  than  Garden-wall  Bond,  while  the  longitudinal  tie  is 
not  so  good. 

In  half-brick  walls  stretchers  only  are  used ;  this  is  called  chimney  bond. 

In  Belgium  and  north  of  Germany  the  system  of  bond  used  is  that  called  Kruisverband, 
Figs.  988  and  989. 
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Kruisverband. 


French  Military  Engineers'  Bond. 


991. 


The  heading  and  stretching  courses  are  as  in  Old  English  Bond,  but  the  alternate  stretching- 
courses  break  joint,  while  the  joints  of  the  corresponding  heading-courses  fall  one  over  the  other  as 
in  Old  English  Bond.  As  more  of  the  joints  are  broken  than  in  the  other  method  described, 
this  bond  is  considered  to  be  the  strongest  of  any.  It  does  not,  however,  present  so  uniform  an 
appearance  as  the  Flemish  or  Old  English. 

The  French  Corps  du  Ge'nie  prefer  to  build  the  face  of  their  walls  with  all  headers,  as  in 
Fig.  990;  but  to  obtain  a  tie  between  the  face  and  heart  of 
the  wall,  they  place  alternately  in  each  course  a  half-brick, 
or  bat,  as  shown  in  Fig.  991. 

This  mode  they  assert  has  the  advantage  of  offering 
more  resistance  to  disruption  than  any  other.  The  longi- 
tudinal tie,  however,  is  not  so  complete  as  in  the  English 
and  Belgian  systems,  the  joints  being  about  one-tenth  more 
numerous,  and  the  waste  occasioned  by  cutting  the  bricks  is 
greatly  to  its  disadvantage. 

In  the  heart  of  a  thick  wall  it  is  considered  advantageous  to  lay  occasionally  a  course  of  bricks 
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in  a  direction  inclined  to  the  face  as  in  Pig.  992.    It  is  known  by  the  name  of  Diaeonal  B^ 

^^^ 


From  the  fact  that  bricks  are  made  in  width  equal  to  hnlf  their  length,  it  become 
m  order  to  break  joint  between  the  bricks  of  two  adjoining  courses,  whether  the/be 
headers  or  stretchers,  to  insert  a  quarter-brick  in  one  of  them  at  starting.     Thb  is  calS  f 
closer,  and  is  usually  inserted  m  Old  English  Bond  after  the  first  brick  U  la  d  Tn^be  hldS 
course  and  in  Flemish  Bond  after  the  first  headers.    They  are  shown  in  Figs  975  to  977 

In  the  French  and  sometimes  in  the  Belgian  methods  of  bonding,  the  same  result  is  obtained 
by  starting  one  of  the  two  adjoining  courses  with  a  stretcher  cut  U>  three-quwte*  of  tha 
length,  called  a  queen-closer. 

The  bond  adopted  in  Ashlar  masonry  is  similar  to  the  bond  used  in  brickwork  •    liiim  I 
are  seldom  used  m  masonry,  as  the  stones  in  the  courses  can  be  cut  to  any  lengtTSiniwdl  to 
make  a  perfect  bond. 


992. 


993- 


Diagonal  Bond. 


Plan. 


In  walls  of  rubble  masonry  from  1  ft.  to  about  3  ft.  thick,  it  is  usual  to  have  at  intervals  of 
from  4  to  6  ft.  a  stone  called  a  thorough,  which  runs  from  the  back  to  the  front,  and  so  bind* 
the  wall  together ;  but  in  thick  walls,  owing  to  the  great  length  of  the  stofae  required,  two  •fane* 
of  as  great  length  as  can  be  procured  are  made  to  lap  in  the  middle  of  the  wall ;  and  in  very  thick 
walls,  where  stones  cannot  be  found  long  enough  to  lap  in  this  way,  a  third  stone  k  Ffr.  908, 
called  a  tail  or  heart  bond,  is  used  to  connect  the  two  bond-stones  or  binders  m  the  uoe  of 
the  wall. 

Various  special  modes  of  bonding  have  been  adopted  in  works  of  masonry  where  great  Ktrength 
is  required,  as  in  sea-walls  and  similar  constructions.  That  used  by  Smeaton  in  building  the 
Eddystone  lighthouse  consisted  of  a  system  of  dovetailing  and  dowelling,  for  a  detailed  description 
of  which  the  reader  is  referred  to  his  account  of  this  great  work.  See  CONSTBCCTIOX.  MASOXRY. 

Bond-Course. — A  course  or  horizontal  layer  of  some  material  built  at  intervals  into  a  wall  in 
order  to  strengthen  it. 

When  of  brickwork,  and  built  into  rubble-stone  or  flint  walls,  it  is  termed  a  lacing  coune. 

In  brick  walls  built  with  ordinary  mortar,  two  or  three  courses  of  bricks  in  cement  are  some- 
times laid  below  the  floor-line  of  the  basement  story  of  dwellings  to  prevent  damp  rising.  In  tbu 
case  they  would  be  called  a  damp  course. 

Formerly,  courses  of  wood-bond,  called  chain-bond,  were  much  used  in  building  when  then 
were  usually  one  or  more  tiers  to  each  story.  The  size  waa  about  8J  in.  wide  by  5J  in.  high,  or 
equal  to  the  space  occupied  by  a  course  of  brickwork  two  bricks  in  height  and  two  in  width. 

These  bond-timbers  went  all  round  the  walls  and  cross-walls,  and  through  opening*,  from 
which  they  were  afterwards  cut  out.  They  were  connected  at  the  angles,  and  no  doubt  tended 
much  to  strengthen  the  building  for  a  time ;  but  sooner  or  later  decay  set  in,  and  the  destruction 
of  the  building  was  the  consequence.  That  and  the  increased  danger  from  the  effects  of  fire  ren- 
dered chain-bond  objectionable,  which  has  in  later  years  caused  it  to  be  almost  abandoned. 

Common  bond  of  fir,  4J  in.  wide  by  2  J  to  3  in.  thick,  is  now  more  generally  used,  loss  as  a 
bonding-course  than  a  means  of  fixing  battens  or  other  finishings  which  are  nailed  agaiiui  tbe 
wall. 

When  common  bond  is  used  solely  for  fixing  battens,  it  is  called  rangittgJxmd^  and  is  usually 
placed  at  intervals  of  from  18  in.  to  3  ft.,  according  to  the  strength  of  the  battens. 

Though  common  bond  is  open  to  the  objections  urged  against  clmin-boixl.  but  in  a  lesser 
degree,  its  use  is  preferable  to  plugging  the  walls  where  much  of  the  latter  is  Nqprfnd,  or  even  to 
the  insertion  of  wood  bricks,  which  are  only  short  pieces  of  common  Ixind  al*>ut  the  site  of  an 
ordinary  brick.  The  act  of  driving  plugs  shakes  the  wall,  and  destroys  the  adhesion  between 
the  bricks  and  mortar,  and  wood  bricks  shrink  in  time  and  drop  out. 

Hanging-bond  should  project  a  little  beyond  the  face  of  the  wall  to  permit  a  free  circulation  of 
air  at  the  back  of  the  battens  or  other  work  which  has  been  fixed  to  it. 

Common  bond  is  usually  described  in  specifications  to  be  put  all  round  onrh  8*ocy^*°*° 
more  tiers;  all  joints  to  be  properly  lapped  at  least  6  in.,  and  the  angloa  halved  and  notched 
cogged.     No  bond-timber  should  be  permitted  in  an  underground  story,  as  iU  decay  w 
more  rapid  and  the  danger  to  the  brickwork  resting  upon  it  greater  tlmn  in  tlx-  uppi-r  ntnri« •» 

When  walls  require  strengthening  by  the  use  of  bond-courses,  hoop-iron  in  much  to  be  preM 
to  wood.    By  its  use  Isambart  Brunei,  in  1835,  managed  to  construct  two  hnlf-arch«  of 
work  in  lias-lime  mortar,  projecting  40  ft.  from  each  side  of  a  single  pior,  without  any  support  at 
the  other  end. 

Although  only  4§  ft.  wide  on  top,  after  another  20  ft.  in  length  liad  been  add 
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counterpoise  of  28 J  Ions  was  added  to  the  other ;  yet  it  bore  this  enormous  weight  for  upwards  of 
three  years,  and  prolmMy  would  not  then  have  given  way  if  it  had  not  been  for  a  considerable 
•ettlement  which  had  taken  place  in  the  foundations.  Cracks  appeared  in  the  work,  and,  the  wet 
getting  in,  it  expanded  during  a  severe  frost,  and  so  caused  the  failure  of  this  wonderful  piece  of 
construction. 

Several  pieces  of  hoop-iron,  1J  in.  wide  and  -^th  of  an  in.  thick,  were  used;  also  pieces  of  fir, 
1$  in.  square,  whirfh  did  little  more  than  assist  in  retaining  the  bricks  until  sufficient  adhesion 
had  taken  place  with  the  mortar  to  allow  the  hoop-iron  to  take  effect. 

Hoop-iron  bond  had  also  been  used  by  Brunei  in  the  large  circular  shafts,  50  ft.  in  diameter, 
leading  to  the  Thames  Tunnel,  which  were  built  above  ground,  and  lowered  into  their  places— a 
depth  of  42  ft. — by  excavating  underneath,  an  operation  successfully  performed  without  a  crack 
or  flaw,  which  was  considered  to  be  due  in  a  great  measure  to  the  use  of  the  hoop-iron. 

To  prevent  decay  when  in  contact  with  the  wet  mortnr  of  the  walls,  the  hoop-iron  should  be 
•well  coated  with  a  mixture  of  tar  and  pitch,  and  afterwards  with  sand.  The  form  in  which  it  was 
most  generally  used  in  building  is  that  known  as  Tyerman's  Patent  Hoop-iron  Bond,  from 
1J  to  2J  in.  wide,  and  from  No.  6  to 

No.    15    Birmingham    wire-gauge    in  "4- 

.thickness.      It  is  prepared  from  the  ^  ^i 

ordinary  hoop-iron  by  notching  it  at  ^~ 

intervals  of  12  in.  on  both  sides  al- 
ternately, Fig.  994,  and  turning  in 
succession,  in  contrary  directions,  a 
triangular  piece,  so  as  to  form  claws,  which  catch  in  the  brickwork  and  effectually  prevent  its 
being  drawn  out  by  any  force  short  of  tearing  the  iron  asunder.  In  modern  practice,  however, 
the  notching  has  been  considered  unnecessary.  i 

Tiers  of  two  or  more  strips,  according  to  the  thickness  of  the  wall,  laid  at  every  3  ft.  in  height, 
have  been  considered  sufficient  in  most  cases.  The  mode  of  laying  each  tier  is  to  place  a  strip  on 
every  half-brick  in  the  thickness  of  the  wall,  continued  over  the  whole  length  of  the  work,  regard- 
less of  openings,  as  in  wood-bond.  Afterwards  the  parts  across  the  openings  are  cut  so  as  to  leave 
a  short  piece  protruding,  which  should  be  turned  down  against  the  face  of  the  jamb.  At  all  junc- 
tions it  should  be  lapped,  and  the  pieces  carefully  hooked  to  each  other. 

In  footings  or  in  thick  walls  exposed  to  great  strains,  strips  of  hoop-iron  should  be  laid  diagon- 
ally, interlacing  with  those  laid  in  a  longitudinal  direction. 

Bonding-courses  of  dressed  stone  have  been  used  with  advantage ;  they  should  be  cramped 
together  at  each  joint. 

The  ancient  Romans  used  a  large  flat  tile,  about  2  ft.  long  by  18  in.  wide,  laid  at  intervals  of 
about  4  ft.  in  height.  Bonding-courses  of  this  description,  however,  are  more  applicable  to  rubble 
masonry  than  to  block-stone  or  brickwork. 

Banding-bricks  are  bricks  of  greater  length  than  those  of  which  the  wall  is  built.  They  are 
used  in  hollow  walls  to  tie  the  two  faces  together.  Their  length  should  be  as  much  longer  than 
the  ordinary  brick  as  the  space  over  which  they  bond. 

Some  very  effective  bonding-bricks  have  been  introduced 

by  a  London  manufacturer,  the  ends  of  which  are  of  a  dovetail          *—•    ial>»- -> 

shape,  Pig.  995 ;  and,  where  the  precaution  is  taken  to  cut  th 
adjoining  bricks  to  fit,  nothing  can  be  more  effective. 

These  bricks  are  usually  made  non-absorbent,  by  being 
glazed,  so  that  damp  cannot  be  conveyed  by  them  from  the 
outer  to  the  inner  skin  of  the  wall. 

When  ordinary  bricks  are  used  in  this  way  for  bonding, 
they  should  be  dipped  in  boiling  pitch,  or  tar,  to  prevent  the  damp  passing  from  wall  to  wall. 

BOND-COUESE.    FB.,  Chaine ;  GEB.,  Band;  ITAL.,  Catena. 

See  BOND. 

BOND-TIMBER.     FR.,  Piece  (^assemblage ;  GEB.,  Binde  Holzer ;  ITAL.,  Catena. 

See  BoND-CouBSE. 

BONE-MILL.     FB.,  Moulin  a  os ;  GEB.,  Knochenmiihle ;  ITAL.,  Frantoio  delle  ossa. 

The  mill  invented  by  E.  P.  Baugh  for  grinding  bones,  ores,  and  other  hard  substances,  is  shown 
in  Figs.  996  to  1001.  Baugh's  improvements  refer  to  that  class  of  cast-iron  grinding  mills,  the 
cutting  and  triturating  surfaces  of  which  are  made  in  the  form  of  a  frustum  of  a  cone.  The  shell 
and  burr  are  constructed  of  a  number  of  cast-iron  grinding  sections,  fitted  and  held  together  in  a 
peculiar  manner  (which  will  be  described  presently),  so  that  the  sections  can  be  readily  removed 
to  make  way  for  others  ;  the  dress  of  the  mill  being  thus  rendered  changeable  to  suit  the  substances 
to  be  ground ;  while  the  mill  itself  is  more  economical,  both  as  regards  its  original  construction  and 
its  lasting  properties,  and  the  variety  of  substances  which  it  may  be  arranged  to  grind,  than  mills 
of  the  ordinary  construction.  The  grinding  sections  of  the  shell  are  backed  by  an  exterior  casing, 
between  which  and  the  base,  to  which  the  casing  is  secured,  are  confined  the  sections,  so  that  the 
latter  can  bo  readily  disconnected  from  the  mill.  The  several  sections  of  the  burr  are  secured  to 
a  block  between  a  lip  or  ring,  or  other  projection,  at  or  near  the  lower  edge  of  the  latter,  and  a 
ring  fitted  to  the  vertical  shaft,  which  carries  the  burr  so  that  the  sections  can  be  readily  detached. 
The  ring,  which  aids  in  securing  the  grinding  sections  of  the  burr,  has  grinding  teeth  formed 
thereon,  and  a  breaker  or  stirrer  is  fitted  to  and  turns  with  the  vertical  shaft  of  the  mill ;  provision 
being  made  for  rendering  it  easily  detachable  therefrom,  so  that  different  forms  of  breakers  may 
be  applied  to  the  mill.  Certain  detachable  sections  are  used,  acting  in  conjunction  with  the 
breaker  for  preliminary  grinding ;  these  sections  being  fitted  to  and  backed  by  a  casing,  and  held 
in  position  by  a  cap-plate  secured  to  the  same,  and  carrying  the  bearing  for  the  vertical  shaft 
vrhich  carries  the  burr.  The  vertical  shaft,  with  its  burr  and  other  appendages,  are  supported  on 
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a  sliding  step  controlled  by  a  lever  and  an  adjustable  weight,  which  tenda  to  elevate  the  bow,  bat 
is  limited  in  this  tendency  by  a  screw  or  other  adjustable  stop,  the  burr  by  this  arrangement  ***** 
maintained  in  the  desired  proximity  to  the  shell,  but  being  prevented"  from  fuming  in  contact 
therewith  and  injuring  the  grinding  surfaces  ;  the  burr,  at  the  same  tiinr,  1*  isiu'  at  liU-rtr  to  yield, 
should  a  piece  of  iron  or  other  refractory  material  find  its  way  between  the  priiuling  Kurfacet.  la 
order  to  reduce  friction  and  facilitate  lubrication,  a  double  cone  of  steel  in  interposed  between  tb« 
bottom  of  the  vertical  shaft  and  the  bottom  of  the  step  in  which  the  shaft  turn*. 

Fig.  996  is  a  half  section  and  elevation  of  the  improved  mill ;  Fig.  997  U  a  aectional  plan  of 
the  upper  portion  of  the  mill ;  Fig.  998  is  a  similar  view  of  the  lower  portion ;  and  Figa.  999 
to  1001  are  details,  which  will  be  referred  to  hereafter.  A  is  the  base-plate  of  the  mill,  »eoored 
to  a  foundation  B,  and  on  this  plate  are  fitted  suitable  bearings  a  a  for  the  horizontal  abaft  c, 
the  latter  being  furnished  at  one  end  with  a  fly-wheel,  and  between  the  bearing*  a  a  are  fut  and 
loose  pulleys  66'.  At  the  opposite  end  there  is  a  bevelled  pinion  F,  gearing  into  a  bevel-wheel 
G,  which  is  so  secured  to  a  vertical  shaft  H,  that  both  must  turn  together,  while  the  «h»ft  u  at 
liberty  to  slide  up  and  down  through  the  boss  of  the  wheel.  Thia  abaft  haa  iU  lower  bearing  in 
a  step  I,  shown  on  a  larger  scale  at  Fig.  1001,  in  a  casing  V,  and  which  U  aecured  to  the  base- 
plate A,  as  are  also  four  columns  J  J,  which  support  the  lower  plate  K  of  the  mill  and  iU 
superstructure. 

997.  996. 


forming  a  continuous  grinding  surface 
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The  shell  of  the  mill  also  consists  of  a  number  of  cnst-iron  grinding  sections  i,  fitted  together 
edge  to  edge,  and  backed  by  an  outer  casing  M,  of  the  form,  or  approximating  to  the  form,  of  a 
frustum  of  a  cone,  to  which  casing  the  sections  are  fitted,  and  by  which  they  are  held  in  place,  tin- 
lower  ends  of  the  sections  being  confined  between  the  flange  j  of  the  casing  M,  and  the  flange  k 
of  the  cast-iron  ring  N,  by  bolts  m,  which  secure  together  the  casing  and  the  ring,  the  latter 
being  confined  to  the  plate  K  by  bolts  >».  In  the  present  instance  the  case  M  is  carried  upwards 
in  the  form  of  an  inverted  frustum  of  a  cone,  and  is  lined  with  detachable  cast-iron  sections  />, 
which  are  held  in  place  by  the  cap-plate  P,  secured  to  the  top  of  the  casing  M',  this  plate  having 
openings  s  s,  and  a  central  boss  7,  through  which  the  shaft  H  passes,  and  in  which  it  turns. 

A  stationary  nut  Q,  connected  to  the  boss  of  the  cap-plate  P,  receives  a  screw  K,  the  upper 
end  of  which  is  provided  with  a  hand-wheel  8.  It  will  be  seen  that  the  shaft  H  has  a  feather  t, 
adapted  to  a  groove  in  the  block  L  of  the  burr,  and  to  a  similar  groove  in  the  ring  g  of  Fig.  1000, 
above  which  a  sleeve  T  is  fitted  to  and  turns  with  the  shaft,  as  it  has  a  groove  to  receive  the 
feather.  To  the  sleeve  is  fitted  what  may  be  termed  the  breaker,  Fig.  999,  which  consists  of  a 
boss  U,  having  one  or  more  projections  M,  the  sleeve  having  grooves  adapted  to  keys  or  feathers 
in  the  boss  of  the  breaker,  Fig.  997.  Both  the  breaker  U  and  the  sleeve  T,  as  well  as  the  ring 
g  and  the  burr,  are  confined  by  a  nut  v  adapted  to  screw  threads  on  the  vertical  shaft  H. 

The  foot-step  bearing  I,  previously  alluded  to,  consists  of  a  cast-iron  box,  arranged  to  slide  in 
the  cylindrical  casing  V  secured  to  the  base-plate  A,  and  is  furnished  with  a  steel  bush  w,  in  which 
turns  the  lower  end  x  of  the  vertical  shaft  H.  Between  the  bottom  of  the  shaft  and  the  bottom 
of  the  bush  intervenes  a  double  cone  x\  of  hardened  steel,  made  somewhat  less  in  diameter  than 
the  shaft,  as  shown  clearly  in  Fig.  1001. 

A  lever  W,  passing  through  a  slot  in  the  casing  V,  is  hinged  at  one  end  to  a  pin  on  a  stud  y, 
secured  to  the  casing,  and  bears  against  the  under-side  of  the  step  I,  the  lever  being  connected  at 
its  opposite  end  by  a  link  X  to  a  lever  X',  which  is  arranged  for  receiving  a  movable  weight,  and 
is  hinged  to  a  bracket  Y,  secured  to  the  plate  K ;  a  set  screw,  2,  adapted  to  a  nut  on  a  stand,  3, 
secured  to  the  base-plate  A,  serving  to  limit  the  upward  movement  of  the  lever  X'. 

Prior  to  setting  the  mill  in  motion,  the  lever  X'  is  so  weighted  as  to  more  than  balance  the 
vertical  shaft  H  with  its  burr  and  breaker,  so  that  the  said  shaft  may  have  an  upward  tendency, 
which,  however,  is  limited  by  the  set  screw,  2,  the  latter  determining  the  distance  apart  of  the 
grinding  surfaces  of  the  shell  and  burr.  By  this  arrangement  the  grinding  surfaces  are  maintained 
in  sufficient  proximity  to  each  other-  to  act  properly  on  the  material  to  be  ground,  but  will  not 
come  in  contact  with  each  other ;  at  the  same  time,  should  a  piece  of  iron  or  steel  find  its  way 
between  the  grinding  surfaces,  the  burr  and  shaft  will  yield  and  prevent  injury  to  the  mill. 

The  shaft  H  and  its  burr  and  breaker  having  been  caused  to  revolve  in  the  direction  of  the 
arrow,  the  bones,  quartz,  or  other  material  to  be  ground,  are  passed  through  the  openings  s  s  in 
the  cap-plate  P,  to  the  conical  space  bounded  by  the  detachable  sections  p.  Here,  by  the  combined 
action  of  the  teeth  or  dress  on  these  sections,  and  the  revolving  breaker  U,  the  material  is  fractured 
and  reduced  to  comparatively  small  fragments  when  it  has  reached  the  ring  g  ;  by  the  combined 
action  of  the  teeth  on  the  periphery  of  which  ring,  and  those  near  the  lower  portions  of  the  sections 
p,  the  material  is  reduced  to  a  condition  which  permits  it  to  enter  the  space  between  the  grinding 
sections  e  of  the  burr  and  those  of  the  shell.  As  this  space  becomes  gradually  narrower  towards 
the  lower  end  of  the  shell  and  burr,  the  material  becomes  gradually  reduced,  and  finally  leaves  the 
grinding  surfaces  in  the  desired  pulverized  condition,  and  falls  into  the  space  within  the  ring  N 
on  to  the  slightly  concave  surface  of  the  plate  K,  where  it  is  acted  on  by  the  revolving  sweep,  4, 
the  latter  causing  the  discharge  of  the  ground  material  through  a  spout,  5,  into  any  suitable 
receptacle. 

By  making  the  grinding  surfaces  in  sections,  not  only  can  both  shell  and  burr  be  made  truly 
round,  but  the  teeth  can  be  made  of  the  most  irregular  character ;  for  instance,  the  teeth  or  dress 
can  be  formed  by  grooves  crossing  each  other,  or  some  of  the  grooves  may  be  straight,  some  curved, 
others  diagonal,  according  to  the  nature  of  the  material  to  be  operated  on.  An  indefinite  number 
of  changes  may  be  made  in  the  character  of  the  dress  when  this  mode  of  constructing  the  grinding 
surfaces  of  conical  mills  is  employed,  an  important  advantage,  as  the  dress  must  be  made  to  suit 
different  materials,  and  in  many  cases  different  qualities  of  the  same  material  to  be  ground ;  a 
dress  for  grinding  bones,  for  instance,  would  be  unsuitable  in  some  respects  for  grinding  quartz  ; 
and  in  operating  on  other  substances  it  may  be  advisable  for  the  dress  of  one  section  to  differ  from 
that  of  another  in  the  same  mill.  It  will  thus  be  seen  that  the  character  of  the  mill  may  be 
entirely  changed  by  a  simple  and  speedy  change  of  sections,  and  that  when  the  teeth  of  one  or 
more  sections  have  become  worn,  broken,  or  otherwise  inoperative,  their  removal,  and  the  introduc- 
tion of  new  sections,  renews  the  mill,  whereas  an  ordinary  cast-iron  mill  would,  under  similar 
circumstances,  have  to  be  discarded. 

In  removing  the  grinding  sections,  the  screw  K  plays  an  important  part;  for  should  it  be 
desired  to  remove  the  sections  f  of  the  shell  and  the  sections  e  of  the  burr,  all  that  is  necessary 
is  to  first  detach  the  nuts  of  the  bolts  m,  loosen  the  nuts  of  the  bolts  n,  and  the  nut  r,  and  then 
operate  the  wheel  S,  so  as  to  cause  the  end  of  the  screw  R  to  bear  on  the  top  of  the  vertical 
shaft  H,  and  continue  to  turn  the  screw  until  the  entire  shell  of  the  mill  is  elevated  so  far  as  to 
permit  the  withdrawal  of  the  sections  of  the  burr  and  shell  and  the  introduction  of  others,  after 
which  the  shell  is  lowered  by  turning  the  screw  in  a  contrary  direction,  the  nuts  of  the  bolts  m 
replaced,  and  the  nuts  of. the  bolts  n,  as  well  as  the  nuts  v,  tightened. 

Should  it  be  necessary  to  remove  the  sections  p  only,  the  nuts  are  detached  from  the  bolts 
which  confine  the  cap-plate  P,  and  the  latter  is  elevated  above  the  mill  by  operating  the  screw  B 
when  the  sections  are  at  liberty.  After  elevating  the  cap-plate  clear  of  the  shaft,  the  nut  c, 
breaker  M,  and  ring  <;,  may  be  readily  removed. 

It  has  been  found,  after  repeated  experiments,  that  the  double  cone  x1  performs  most  efficiently 
the  duty  of  distributing  to  the  lower  bearing  the  oil  contained  in  the  space  between  the  bottom  of 
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the  shaft  and  the  bottom  of  the  step  1,  at  the  same  time  preventing  nndue  friction  M  th*  n 
subjected  to  the  greatest  shocks  and  strains.    This  mode  of  interposing  the  double  ««e  MM 
the  bottom  of  the  shaft  and  the  bottom  of  the  step  may  be  applied  to  the  lower  bmrin 
vertical  shafts,  to  the  pivots  of  swing-bridges  and  turn-tables,  and  other  object*  bavin 
bearing  to  which  great  strains  are  subjected. 

For  grinding  some  materials  it  is  not  essential  that  there  should  be  a  superstructure  M'  and 
detachable  sections  p,  or  a  breaker  above  the  shell  M,  a  simple  hopper  being  in  many  cam  aj 
that  is  necessary  to  receive  the  material  and  direct  it  to  the  grinding  surfaced  •  the  latter  too, 
may  (for  grinding  some  materials)  be  straight  instead  of  curved.  It  is  preferable  in  m<»t 
however,  to  form  teeth  on  the  periphery  of  the  ring  g,  as  shown  at  Fig.  1000,  ao  that  it  tuar 
the  twofold  purpose  of  aiding  in  the  preliminary  or  first  grinding,  and  of  keeping  the  ftf 
of  the  burr  in  place.  The  lips  of  these  sections  e  may,  moreover,  be  diarx-n^-d  with,  the  ring  a 
bearing  directly  on  the  upper  edges  of  these  sections.  The  casing  M,  too,  may  be  made  in  twctiooiL 
or  the  grinding  sections  may  be  backed  or  held  together  by  a  suitable  t>yt>tcui  of  metal  baoda.  See 
AGRICULTTRAL  IMPLEMENTS,  p.  12,  Fig.  27. 

BOOT-MAKING  MACHINERY.     FB.,  Machinet  a  faire  les  bottes ;  GEB^  Matching  nr  A»f«r- 
tigung  der  Stiefel. 

The  introduction  of  the  sewing  machine  greatly  facilitated  the  operations  of  boot  and  aboo 
manufacturers,  and  other  workers  of  leather.  The  principal  leather-sewing  mm>hinf»  will  t* 
found  in  our  article  on  Sewing  Machines.  But  other 
boot  and  shoe  making  machines  and  tools  are  also 
employed  to  economize  labour  in  this  -important 
branch  of  industry,  the  most  useful  and  important 
of  which  are  introduced  under  the  present  head. 

Fig.  1002  represents  Gimson's  machine  for  paring 
the  edges  of  heels  and  soles  of  boots  and  shoes.  This 
machine  consists  of  two  standards  A  with  a  stretcher 
B,  a  driving-shaft  D  which  gives  motion  to  a 
spindle  e  driven  with  high  velocity ;  on  this  spindle, 
discs  or  circular  cutters  E  are  fixed ;  the  boot  or 
ehoe  is  held  against  the  cutter,  the  uppers  being 
protected  by  a  loose  guard  which  runs  in  between 
the  upper  and  the  sole.  These  machines  are  easily 
worked ;  a  man  can  pare  at  one  of  them  twenty- 
four  dozen  pairs  a  day;  they  are  fitted  with  an 
additional  counter-shaft  for  gaining  speed,  so  that 
these  machines  may  be  worked  from  a  shaft  of  ordi- 
nary speed. 

A  primary  operation  in  boot-making  is  that  of 
cutting  leather  into  strips  for  soles  and  heels.  Jean 
Pierre  Molliere's  machine  for  effecting  this  is  shown 
in  Figs.  1003  to  1005.  The  leather  being  placed 
upon  a  table  A,  it  is  slipped  under  the  frame :  the 
traveller  K  being  one  of  the  extremities  of  the 
apparatus  does  not  hinder  this  being  done.  To  cut  the  edge  of  the  leather  strati 
is  kept  in  position  by  means  of  a  ruler  M,  which  is  a  piece  of  iron  with  a  lo 

1003. 


in  it,  in  which  the  curved  knife-blade  or  chisel  O  work.-.  when  the  ruler  U  d 
end  of  the  groove  is  provided  an  opening  into  which  tho  traveller  K  can  pa. 


;  and  at  mcb 

I      |      ,       •:      •• 
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governed  by  two  spring-rods  N  buried  in  the  thickness  of  the  table,  and  whose  springs  always  tend 
to  keep  it  raised :  these  rods  are  connected  under  the  table  by  a  yoke  P  attached  to  a  treadle 
not  shown  in  the  figures. 

When  the  leather  is  pushed  under  the  rule,  the  treadle  is  depressed,  thus  pressing  down  the 
rule  and  keeping  the  leather  firmly  in  its  place.  The  handle  R  is  then  moved,  throwing  the 
parts  for  moving  the  chain  into  gear,  and  thus  setting  K  in  motion  and  cutting  the  leather. 
Arrived  at  the  end,  the  traveller  encounters  one  of  the  fingers  8  attached  by  levers  T  to  a  rod  Q, 
forces  it  forward,  and  throws  the  chain  out  of  gear,  thereby  arresting  the  traveller.  The  traveller 
is  then  let  up,  which  will  allow  the  springs  N  to  throw  up  the  ruler  M,  so  as  to  let  the  leather 
pass,  which  is  then  cut  straight.  1006  1007  10Q8 

The  workman  pulls  the  leather 
towards  him  until  its  smooth 
edge  comes  up  to  the  two  pins 
3,  and  then  the  operation  just 
described  is  repeated. 

In    preparing     leather    for 
tippers  upon  C.  Rice  and  S.  H. 


Whorf's  plan.  Figs.  1006  to  1008, 
the  skin  is  first  introduced  be- 
tween the  feed-rollers  A,  B,  of 
the  splitting  mechanism,  and  by 
them  is  forced  against  the  knife 
C ;  the  upper  portion  of  the  skin 
split  by  the  knife  C  passes  towards  and  between  the  draught-rollers  D,  E,  which  move  it  forward 
between  the  roller  F  and  a  rasper  G,  which  latter  roughens  the  under-surface  of  it.  From  the 
rasper  the  leather  moves  over  a  guide-bar  W,  between  the  pressure-roller  I  and  the  perforating- 
roller  H ;  and  finally  it  passes  between  the  roller,  and  a  brush  K,  which  latter  revolves  through  a 
vessel  L  containing  cement,  and  applies  the  cement  to  the  roughened  surface. 

A  machine  for  cutting  out  boot  and  shoe  soles,  invented  by  J.  W.  Hatch  and  Henry  Churchill, 
is  illustrated  by  Figs.  1009,  1010.  A  is  a  shaft  carrying  at  its  lower  end  a  shoe  B,  to  which  a 
punch  C  is  secured ;  shaft  A  is  provided  with  journals  which  fit  in  boxes  secured  to  the  front  of 
a  slide  P,  which,  fitting  in  vertical  guides  in  the  framing  of  the  machine,  receives  a  vertical  reci- 
procating motion  from  an  eccentric  pin  p,  Fig.  1010,  on  the  end  of  a  driving-shaft  Q. 

When  shaft  A  reaches  its  highest  position,  a  spur-wheel  E  comes  to  gear  with  a  toothed 
segment  F'  on  the  front  of  a  lever  F ;  lever  F  has  its  fulcrum  in  a  vertical  pin  a,  and,  at  the  time 
the  shaft  A  is  at  its  highest  position,  a  cam  I  strikes  the  rear  end  of  the  lever  F  and  moves  it  round 
its  fulcrum  a  a  sufficient  distance  to  cause  a  spur-wheel  E  with  its  shaft  A  to  describe  half  a  revo- 
lution. 

When  the  shaft  A  is  about  reaching  its  highest  position,  the  square  part  of  it,  6,  rises  above 
the  guide  J,  and  the  round  part  of  the  shaft  d  comes  in  contact  with  the  guide,  thus  permitting 
the  shaft  to  describe  its  half  revolution. 

The  boot-form  introduced  by  Chilcott  and  Snell,  Figs.  1011  to  1013,  has  a  clamp  E,  which  con- 
sists of  a  strip  of  sufficient  length  to  reach  from  the  nick  at  /  to  the  top  of  the  front-piece  A.  This 
clamp  E  is  prevented  from  being  pulled  out  laterally  by  entering  a  recess  g  in  the  nick,  and  is 
secured  at  top  by  a  latch  h  catching  a  pin  »  on  the  top  of  clamp  E.  The  inside  of  the  strip  is  fur- 
rowed from  end  to  end,  and  the  recess  in  which  it  is  received  is  correspondingly  furrowed  to  hold 
the  material  securely.  The  clamps  I,  I,  fitting  to  the  outside  of  the  front-piece  and  partly  over 
the  clamp  E,  are  attached  to  screws  K  K,  which  fit  in  female  screws  in  the  rod  L.  This  rod  L  is 
fastened  at  its  lower  end  to  the  bottom  part  of  the  front-piece.  Its  upper  end  is  attached  to  the 
front-piece  by  a  plate  P  in  the  manner  shown  in  the  figures.  The  plate  P  is  fastened  to  the  front- 
piece  by  a  screw  N,  which  can  be  taken  out;  pins/.;  serve  to  hold  the  clamps  I,  I,  in  position. 

Figs.  1014,  1015,  refer  to  J.  and  E.  Arthur's  machine  for  cutting  uppers  and  soles  from  sheets 
of  india-rubber.  The  endless  apron  B,  which  has  an  intermittent  motion,  receives  the  sheet  of 
india-rubber  a ;  the  cloth  J  between  the  rubber  and  apron  being  properly  wetted  by  its  passage 
through  a  water-trough  F.  Two  endless  chains  K  carry  the  die-frames  d  with  the  heated  dies  /. 
The  die-frames  are  pivoted  to  the  chains  at  g,  and  are  carried  by  the  chains  through  the  stove  M 
and  over  the  roller  D.  When  over  the  roller  D,  the  sides  of  the  die-frames  come  under  stationary 
plates  A,  and  are  in  their  onward  motion  firmly  pressed  upon  the  india-rubber,  which  is  thereby 
drawn  over  the  roller  D  at  the  same  speed  with  the  dies.  The  dies  cut,  or  rather  melt,  through 
the  rubber  taking  out  pieces  according  to  the  shape  of  the  dies.  The  pieces  are  conducted  to  the 
apron  G  by  means  of  thin  fingers  (twenty)  secured  to  a  swinging  frame  r,  whilst  the  waste  still 
remaining  attached  to  the  piece  a  passes  over  rollers  /  and  TO,  and  between  m  and  n,  on  to  the 
apron  o.  As  soon  as  the  die-frame,  after  having  performed  the  cutting,  comes  round  the  chain- 
roller  6,  the  extensions  v  of  the  frame  will  strike  and  pass  under  the  pin  M?,  which  throws  up  the 
front  part  of  the  die-frame  so  as  to  make  room  for  the  die-frame  which  passes  below. 

In  Molliere's  machine  for  cutting  uppers,  Fig.  1016,  G  is  the  piston  of  the  steam-cylinder 
operating  the  bed  I.  The  skins  are  laid  upon  the  bed  I,  and  the  cutters,  consisting  of  pieces  of 
bent  steel,  placed  upon  the  skins,  and  then  steam-power  applied  to  lift  and  press  the  table, 
skins,  and  cutters,  against  the  head-block  C,  so  as  to  cut  pieces  corresponding  to  the  shape  of  the 
cutters. 

With  Molliere's  machine  for  rasping  and  dressing  heels  and  soles,  Fig.  1017,  the  operator 
applies  the  bottom  of  the  sole  first  to  the  tool  T,  for  the  purpose  of  having  the  rough  parts  of  the 
leather  and  the  jags  of  the  nails  taken  off;  the  sole  is  then  applied  to  the  tool/,  and  the  heel  to 
a  tool  r,  to  finish  the  dressing.  During  the  whole  of  the  operation  the  tools  are  kept  turning 
very  rapidly. 
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Figs.  1018  to  1023  refer  to  Molliere's  machine  for  cutting  out,  punching,  and  stamping  soles. 
The  cutting  out,  pricking,  and  stamping,  or  numbering  of  the  size  of  the  shoe,  is  done  at  one 
blow,  by  means  of  punchers  a,  of  the  shape  of  the  sole  and  heel,  provided  with  prickers  rf,  and 
stamps  e  and  P.  m  m  and  o  are  the  detaching-rods,  the  rods  m  working  through  holes  h  in  the 
puuching-frames ;  the  punches  are  operated  by  eccentrics  upon  shaft  L,  which  eccentrics  are 
so  set  that  the  punches  will,  one  after  the  other,  arrive  at  their  lowest  or  punching  position,  so  as 
to  distribute  more  equally  power  and  resistance.  When  the  punchers  pass  upward,  the  pieces  of 
leather  encounter  the  rods  m,  which  are  stationary,  and  are  detached  by  them  from  the  punches. 
The  rod  Q  serves  as  stamp,  and  also  as  detaching-rod  for  the  heel-pieces.  The  workman  holds 
the  strip,  and  puts  it  under  the  puncher;  but,  as  this  must  be  done  with  great  rapidity,  the 
leather  finds  itself  guided  and  stopped  in  such  a  way  that  it  can  be  instantly  moved  into  its  place. 
The  guides  to  effect  this  consist  of  two  pieces  r,  forming  the  sides  of  a  square — one  of  which  is 
graduated,  and  has  on  it  the  numbers  of  the  sizes.  As  the  puncher  is  always  in  the  centre,  these 
guides  must  be  governed  by  a  single  movement  in  their  approach  to  and  retreat  from  it.  This  is 
done  by  the  following  mechanism : — Two  pieces  S  slide  on  a  guide-bed,  and  have  an  oblique 
groove,  in  which  plays  a  pin  fixed  to  the  guides  r ;  these  two  pieces  S  are  connected  by  the  cross- 
tie  t,  and  controlled  by  the  screw  u,  which,  being  attached  to  a  bracket,  causes  the  traverse  t  of 
the  pieces  S  to  move  forward  or  backward,  so  that  the  pieces  S,  by  their  oblique  grooves,  push 
forward  the  guides.  The  stopping-piece  x  is  supported  upon  a  small  axis  v  ;  it  is  kept  down  upon 
the  leather  on  the  flat  by  the  counter-weight  y  attached  to  the  axis,  while  the  puncher  is  cutting ; 
a  spring-catch  hitches  under  the  piece  z,  and  lifts  up  the  stopper  as  fast  as  the  puncher  rises, 
which  leaves  time  enough  to  remove  the  leather  that  has  been  cut ;  when  it  gets  up  as  far  as  it 
can,  the  piece  z,  which  has  described  the  arc  of  a  circle,  lets  the  catch  go ;  and,  being  drawn  down 
by  the  counter-weight  y,  the  stopper  falls  back  to  its  place. 


1018. 


1019. 


Horace  "Wind's  wrinkling  or  crimping  machine,  Fig.  1024,  consists  of  a  frame  B,  upon  which  is 
arranged  a  crimping-plate  F,  BO  constructed  as  to  leave  its  front  end  unobstructed.  It  is  pivoted 
at  the°inner  end  to  a  fulcrum-bolt  H,  and  operated  by  means  of  a  gear-segment  L,  attached  to 
a  lever  L1,  engaging  with  a  corresponding  gear-segment  I  on  the  outer  end  of  the  lower  bmb  M. 

Fi<*s  1025  to  1027  represent  Warren  Holden's  boot  and  shoe  stretcher.    If  one  side  of  the  txx 
is  to  be  stretched,  a  knob  n  is  attached  to  one  of  the  parts  e,  and  the  corresponding  side  ol 
boot  is  properly  moistened.     The  last  is  then  placed  within  the  boot,  and  the  screw  /  is  turned, 
thus  forcing  apart  the  sections  of  the  last,  and  stretching  the  moistened  side  of  the  boot.     J 
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toe  of  the  boot  requires  stretching,  the  link  d  is  disconnected  by  removin^  the 

turning  of  the  screw  /,  in  the  position  shown  by  Fi^s    102(5    1027    u  MI  „, 

of  the  parts.     Should  the  instep  require 

stretching,  the  levers  jj  are  placed  in  the 

groove  »,  Fig.  1025,  and  the  levers  then 

expand  vertically.    When  in  the  groove  g, 

the  levers  are  placed  horizontally. 

Figs.  1028  to  1030  illustrate  H.  B. 
Horton's  crimping  machine.  A  piece  of 
wet  leather  having  been  laid  across  the 
jaws,  it  is,  by  the  raising  of  them  through 
the  lever  D,  forced  upon  the  crimp-form  F ; 
by  the  repeated  sliding  up  and  down  of 
the  jaws  on  the  leather,  it  is  thus  smoothed, 
and  embraces  the  crimp-form.  Should 
there  be  any  thin  place  in  the  leather, 
and  the  wrinkle  not  perfectly  removed, 
the  nearest  set  screw  d  is  turned,  and  the 
wire  6  6  made  to  project  beyond  the  face  of 
the  jaw  opposite  the  screw.  The  angle- 
iron  G,  clamps  I,  and  screw-rod  H,  serve  to 
draw  tight  the  leather  on  the  crimp-form. 

Referring  to  Figs.  1031  to  1033,  which 
show  Daugherty's  boot-crimp,  the  slides 
L  M  fit  loosely  to  the  arms  of  the  elbow  G. 
The  nut  I  is  provided  with  projections  a  a, 
which  extend  up  each  side  of  the  elbow  so 
as  to  form  two  inclined  planes  which  cor- 
respond with  the  inside  of  the  clasp  K, 
which  clasp  is  perforated  so  as  to  traverse 
freely  upon  the  screw  H,  and  the  inside  of 
the  arms  are  scored  so  as  to  gripe  the 
leather  upon  the  projections  a  a  of  the  nut. 
The  edges  of  the  leather  having  been  in- 
serted between  the  slides  L  M  and  clasps 
P  Q,  and  between  clasp  K  and  nut  I,  the 
screw  H  is  turned,  by  which  means  the 
elbow  G  is  moved  outward,  and  with  it 
the  clasps,  thereby  stretching  the  leather. 
As  the  screw  is  turned,  it  slips  a  little  on 
the  nut,  and  slides  and  draws  the  clasps  on,  so  that  the  scored  part  of  the  clasps  gripe*  tlio  Itathr r  tight. 
The  elbow,  and  so  on,  are  received  in  a  groove  in  the  crimp-board  A,  formed  by  projections  K  atnl  K 

Thompson's  machine  for  polishing  the  soles  of  boots  or  shoes,  Figs.  1034,  1033.  u  of  stni|>lo 
construction,  having  a  polisher  or  polishers  g  A,  made  of  bone  or  other  proper  material,  attached  to 
a  shaft  /,  which  has  a  reciprocating  motion  imparted  to  it  in  any  desirable  manner. 


1036. 


1037. 


Pigs.  1036  to  1038  represent  A.  Swingle's  hand  pogging-machinc    By  •inking  w^ 
upon  the  top  of  an  awl-driver  C,  the  spring-slider  D  is  driven  upmta  •  h, 
frVm  the  block  which  is  arranged  in  the  space  L  between  the  .1. 1 -lid 
M;  to  the  latter  is  imparted  a  constant  tendency  to  press  the  block  forward  by  n 
band  N.     The  awl  E  and  peg-driver  F  work  through  holes  I  and  K  , 
object  of  the  slider  being  to*draw  or  force  the  awl  out  of  the.  leather  -nip,  or 
diately  after  having  been  driven  into  the  same.    G  u  an  india-rubber  .pro 


lower  end  of  the  awl-driver. 
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Hill's  machine  for  skiving  boot  and  shoe  counters  is  represented,  Figs.  1039  to  1041.  A  lever 
A',  turning  horizontally,  has  its  fulcrum  upon  the  upper  end  of  a  lever  B'.  Studs  «/,  projecting 
from  lever  A',  rest  respectively  against  the  middle  of  the  rocker-frame  8  and  the  end  of  shaft  P. 
B'  turns  upon  a  fulcrum  at  .</,  and  is  operated  by  a  foot-treadle  below.  By  means  of  the  levers 
A'  B',  the  clamp-plate  E  and  the  rocker-frame  S  are  simultaneously  moved  towards  the  rotary 
bed  B  ;  the  clamp-plate  being  carried  into  contact  with  the  leather  to  be  skived,  while  the  knife 
is  borne  against  the  thin  edge  of  the  clamp-plate  and  against  the  edge  of  the  rotary  cylinder,  so 
that,  whatever  may  be  the  thickness  of  the  piece  of  leather,  the  knife  will  be  made  to  adapt  itself 
to  that  thickness.  At  the  same  time  that  the  face-clamp  is  moved  towards  the  cylinder-bed,  the 
peripheral  clamp  will  also  be  borne  down  upon  a  counter  placed  on  the  periphery  of  the  cylindei 
and  between  the  same  and  the  clamp. 


1040. 


Figs.  1042,  1043,  show  Zeigler's  boot-crimping  machines.  The  jaws  are  corrugated,  so  as  to 
work  the  leather  away  from  the  angle  of  the  crimping-iron  and  into  the  foot  and  leg  of  the  boot. 
The  nuts  m  serve  to  stretch  the  leather  upon  the  crimping-iron.  The  slots  in  the  plate  K  are  so 
constructed  as,  in  combination  with  the  segment-gear  M  and  rack  J,  to  move  the  foot  of  the 
crimping-iron  into  or  between  the  jaws  twice  as  fast  as  they  move  the  leg,  and  to  give  the  foot  a  com 
pound  motion  which,  in  combination 
with  the  corrugations  in  the  jaws, 
works  the  leather  in  the  required 
direction  to  crimp  it  properly. 

J.  P.  Molliere's  machine  for  cut- 
ting the  edges  of  boot  and  shoe  soles 
is  referred  to  in  Figs.  1044  to  1047. 
This  plan  consists  in  arranging  two 
revolving  tools  G  and  h,  both  of  the 
same  construction,  only  h  being  of 
larger  size  than  G.  The  side  of 
the  shoe  is  first  held  against  tool 
G,  placing  the  edge  of  the  guard- 
plate  a  between  the  upper  and  the 
sole.  The  shoe  being  thus  slipped  along  to  the  point,  and  the  same  way  with  the  other  side  of 
the  shoe,  the  edge  of  the  sole  is  finished  with  the  exception  of  the  heel.  The  heel  is  cut  by  the 
larger  tool  h,  it  being  provided  with  a  similar  guard-plate  K,  in  the  same  manner  as  the  sole. 
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motion,  he  at  the  same  time  holding  a  strip  of  leather 
on  the  top  surface  of  the  table,  and  against  a  <mide- 
bar  z.  After  each  cut,  he  moves  the  strip  forward 
against  the  guide  or  stop  bar.  The  carriage  I  has  nn 
intermittent  reciprocating  motion  imparted  to  it,  which 
carries  each  of  the  knife-bars  K  K  in  succession  di- 
rectly underneath  the  depressor-bar  S,  which,  descend- 
ing thereupon,  forces  the  knife-bar  and  its  knife  P  or 
R  downward  towards  the  cutter-block,  and  cuts  through 
the  leather.  Fig.  1051  represents  the  soles  as  cut  out 
by  the  machine.  Each  knife  is  elevated  from  the 
leather  by  the  springs  a  on  the  rods  that  guide  its 

bar  K.  _^^_^_^^__^_ 

Di^In^VH>  Th.omPson's  hand  machines  for  pegging,  Figs.  1052  to  10f,5,  motion  is  given  |»i 
slide  H  by  striking  upon  head  K.     The  elide  H  carries  the  awl  and  peg-driver      Tlu- 
driver -is  intended  to  drive  one  peg  at  the  same  time  that  the  awl  makes  the  hole'for  the- 
peg,  the  machine  being  moved  the  distance  from  one  to  the  next  by  a  alight  pressure  of  the  hand 


1053. 


in  that  direction,  this  distance  being  measured,  and  thin  motion  of  the  machine  lestlktod  to 
correspond,  by  the  spring-spacer  T.  The  point  at  the  lower  end  of  T,  being  held  down  by 
spring  W,  pierces  the  leather  sufficiently  to  keep  the  machine  from  being  wwilv  moved  «rt  at 
place  if  a  slight  downward  pressure  is  exerted  upon  the  machine.  Jtut  M  the  »liuer  H  cnapletts 
its  descent,  the  arm  O  on  the  slider  operates  the  tumbler  I',  the  hitter  taking  into  •  notch  in  the 
spacer  T,  and  thus  withdrawing  the  spacer  from  the  leather  at  the  time  the  awl  is  rank  deepest 
into  it.  T  has  also  a  slight  vibratory  motion  in  a  groove  in  the  sparer-pUto  Y,  limited  in  one 
direction  by  the  side  of  the  groove,  and  in  the  opposite  direction  by  the  eccentric  adjusting-pin  X, 
by  the  turning  of  which  the  travel  of  the  spacer  may  be  accurately  graduated.  The  •P**r  bears 
against  this  pin ;  the  pressure  of  the  hand  in  the  direction  the  machine  is  to  more,  will,  I 


ogaiuai  ima  pui ;  me  pressure  01  me  nanu  in  mu  uirecunn  iua  mnrmnu  in  v  raorr.  win.  »• 
move  the  spacer  to  the  opposite  side  of  the  groove;  then,  as  it  is  raised  by  each  descent  of  tbc  awl 
and  peg-driver,  it  will  spring  forward  against  pin  X,  and,  as  the  awl  begins  to  rise,  will  dcsraod  <• 
the  same  position  upon  the  leather ;  and  when  the  awl  rises  so  as  to  clear  the  leather,  the  ptwsnti 
of  the  hand  in  that  direction  overcomes  the  spring  of  the  spacer,  and  moves  forward  the  nwdiifM 
for  the  next  peg.    The  peg-wood  is  placed  between  the  part  O  of  the  feeder  and  the  spring  I 
This  spring-feeder  is  operated  by  the  head  of  the  screw  V,  which  holds  the  awl  and  prg-drirer  to 
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the  lower  end  of  the  slider,  and  which  projects  through  a  slot  in  the  front  of  the  case,  striking,  as 
it  descends,  against  a  bend  in  the  feeder,  and  pushing  it  back  so  as  to  give  it  new  hold  upon  the 
peg-wood,  at  the  time  the  wood  is  held  firmly  by  the  cutters  and  a  clamp  E. 

With  Rice  and  Whorf's  apparatus  for  lasting  and  applying  soles  to  shoes,  Figs.  1056  to  1058, 
the  sole  and  the  upper  are  first  placed  together  upon  a  last  A,  the  upper  being  made  to  overlap 
the  outer  surface  of  the  in-sole,  and  affixed  by  cement.  The  whole  being  thus  prepared,  it  is  next 
placed  within  the  clamping-bed  B,  and  the  parts  of  the  latter  closed.  The  platen  of  the  press  is 
depressed,  to  carry  the  punches  on  the  under-side  of  die  w  into  contact  with  the  parts  of  the  upper 
which  overlap  the  inner  sole,  so  as  to  make  perforations  through  them,  and  either  into  or  through 
the  inner  sole.  The  platen  C  is  then  elevated,  and  cement  applied  to  the  outer  surface  of  the 
inner  sole  and  overlapping  parts  of  the  upper.  The  outer  sole  is  laid  upon  the  cemented  surfaces, 
and  the  slide  G  moved  so  as  to  bring  the  die  M  directly  over  the  last  A.  Next,  the  platen  is  to  be 
forced  down  upon  the  outer  sole,  so  as  to  press  it  closely  in  contact  with  the  shoe,  and  expel  from 
between  the  soles  the  superfluous  cement. 

Dinsmoor  and  Bartlett's  instrument  for  chamfering  the  edges  of  shoe-soles  is  referred  to, 
Figs.  1059  to  1061.  The  piece  of  leather  is  laid  upon  a  flat  table,  and  the  blade  A  and  spring- 
presser  H  are  borne  down  simultaneously  upon  the  leather,  while  the  end  of  the  lever-gauge  G 
turning  upon  fulcrum  d  is  made  to  rest  upon  the  table.  This  done,  the  cutting-edge  a  of  the  tool 
is  maintained  at  such  an  angle  from  the  table  as  occasion  may  require,  and  the  tool  is  pushed 
forward  upon  and  around  that  portion  of  the  leather  which  is  to  be  chamfered.  The  frame  B  is 
fastened  to  the  knife  by  means  of  a  wedge  a. 

Figs.  1062  to  1064  show  J.  W.  Hatch's  machine  for  cutting  out  soles.  The  cutter  is  attached  to 
a  vertical  shaft,  which  is  provided  with  journals  to  work  in  bearings  in  a  slide  P,  moving  in  vertical 
guides  in  a  framing  C,  and  receives  its  vertical  reciprocating  motion  from  eccentric  pin  a,  at  the 
end  of  the  horizontal  shaft  D.  The  shaft  in  this  machine  makes  only  about  three-fourths  of  a 
revolution  in  opposite  directions  alternately,  movement  being  produced  by  a  treadle  F,  which  ia 
a  lever  of  the  first  order,  with  its  fulcrum  g  at  the  rear  end,  secured  to  the  floor  or  to  a  suitable 
bed-plate ;  the  treadle  being  connected  by  a  rod  o  with  a  wrist  b,  at  the  back  of  the  fly-wheel  G 
of  the  shaft  D. 

While  the  machine  is  at  rest,  the  wrist  is  always  held  in  one  of  these  two  positions  by  a 
weight  r  attached  to  or  cast  on  the  fly-wheel,  the  weight  r  resting  upon  one  of  two  fixed  standards 
//.  In  either  of  these  conditions  of  the  wheel  and  wrist,  the  treadle  is  of  course  raised.  The 
operator  stands  in  front  of  the  machine,  in  a  convenient  position  for  placing  the  pieces  of  leather 
or  other  material  in  a  proper  manner  upon  the  table  H  for  the  action  of  the  cutter ;  and  when  he 
depresses  the  treadle  by  his  foot,  he  moves  the  wheel  far  enough  to  bring  the  weight  r  over  the 
centre  of  the  shaft  D ;  but  the  momentum  the  weight  has  acquired  in  moving  to  that  point  carries 
it  past  the  centre,  and  then  the  pressure  of  the  foot  being  taken  from  the  treadle,  it  descends  by 
the  force  of  gravity  until  it  reaches  the  other  standard,  thus  completing  the  movement  of  the 
wheel.  This  movement  of  the  wheel  brings  down  the  cutter  and  raises  it  again,  and,  just  before 
its  termination,  it  moves  the  lever  E  to  reverse  the  position  of  the  cutter  by  the  action  of  one  of 
two  projections  d  d  upon  one  of  the  prongs  e  e  of  a  fork  on  the  rear  end  of  the  lever.  The  prongs 
ee  of  the  fork  are  at  different  elevations,  and  the  projections  dd  at  different  distances  from  the 
shaft  D,  to  correspond  with  the  elevation  of  the  prongs  e  e ;  so  that  when  the  wheel  moves  in  the 
direction  of  the  full  arrow  shown  in  Fig.  1062,  the  projection  d  may  pass  under  the  higher  prong 
e  and  strike  the  lower  prong  <?,  thus  throwing  the  lever  to  the  position  shown  in  Fig.  1063 ;  but 
when  the  wheel  moves  in  the  direction  of  the  dotted  arrow,  the  projection  d  may  pass  over  the 
lower  prong  e  and  strike  the  higher  prong  e,  thus  throwing  the  lever  to  the  position  the  reverse 
of  that  shown  in  Fig.  1063.  The  movement  thus  given  to  the  lever  takes  place  just  before  the 
weight  comes  in  contact  with  the  standards  /  /,  and  is  just  sufficient  to  give  half  a  revolution  to 
the  punch-shaft.  To  keep  the  cutter-shaft  from  turning  back  too  soon,  the  friction  of  a  bar  h  is 
applied  in  a  yoke  I ;  on  the  top  of  the  framing,  between  the  top  of  the  yoke  I  and  the  bar  h,  the 
lever  E  works  snugly,  and  the  bar  is  forced  up  against  tne  lever  to  produce  the  necessary  friction 
by  two  india-rubber  springs  i  i,  one  at  each  end.  Stop-screws  j  j  are  also  applied  to  the  yoke  I, 
to  stop  and  regulate  the  movement  of  the  lever. 

Polishing  or  burnishing  the  edges  of  heels  and  soles  with  Molliere's  machine,  Fig.  1065,  is 
performed  in  the  following  manner : — The  steam  passes  from  the  boiler  through  a  pipe  x  and  into 
branch  pipes  ar,  one  for  each  burnishing-tool  p,  and  can  be  let  into  the  hollow  shaft  I  and  the 
chamber  p  within  the  tool  p,  by  opening  the  cock  u.  A  number  of  these  tools  of  slightly  varying 
sizes  are  arranged  in  line,  and  each  tool  kept  rapidly  revolving.  The  polishing  is  effected  by 
presenting  the  edge  of  the  sole  or  heel  to  the  revolving  polishing-tool  and  pressing  it  gently 
upon  it. 

Molliere's  arrangement  for  mounting  uppers  on  lasts  is  shown  in  Figs.  1066, 1067.  It  consists  of 
an  adjustable  frame  I  and  a  thumb-screw  G,  armed  with  its  tooth-clamp  H,  which,  pressing  verti- 
cally upon  the  inner  portion  only  of  the  heel,  holds  the  last  securely  in  its  position,  and  gives 
free  access  to  the  parts  of  the  last  on  which  any  work  is  to  be  done  by  the  apparatus. 

Jackson's  machine  for  cutting  out  uppers,  Fig.  1068,  consists  of  a  frame  A,  to  which  is  attached 
a  cross-head  E ;  this  cross-head  is  raised  and  lowered  by  the  action  of  the  shaft  in  the  centre,  the 
wheels  I  and  the  levers  G.  The  leather  is  fed  in  at  D  on  the  platen  B ;  the  cutters  being  fixed 
to  the  cross-head,  and  guided  in  their  descent  by  the  indicators  T,  T. 

Fig.  1069  represents  Ellison's  boot-holder,  which  consists  of  a  curved  arm  A  reaching  from 
the  sole  of  the  foot  to  the  top  of  the  leg  L,  where  it  is  fixed.  This  is  used  in  combination  with 
the  lever  B  provided  with  a  last-shaped  foot,  a  handle  K  and  a  ratchet  C  to  operate  with  a  pawl  D. 
Fig.  1070  shows  E.  M.  Dickinson's  machine  for  holding  uppers.  It  consists  of  a  forked  clamp 
B,  arranged  on  the  frame  A,  and  hinged  at  one  end.  It  is  operated  by  the  lever  C  working  the 
rod  dt  the  yoke  k,  and  the  springs  /, »'. 
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Drew's  pattern  for  cutting  boots,  Fig.  1071,  consists  of  two  pieces  of  shoot  metal  A,  B,  of 
rectangular  form,  connected  together  by  hinges ;  and  two  other  pieces  of  the  same  material 
attached  to  the  former  in  such  a  manner  as  to  be  capable  of  being  adjusted  laterally,  one  of  the 
over-pieces  D  having  a  foot  portion  provided  with  a  wing  connected  to  it  by  means  of  hinges. 


10T1. 
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The  apparatus,  designed  by  O.  J.  Waneu,  for  crimping,  Fig.  1072,  is  applied  to  the  bench  by 
a  swivel  process,  which  permits  the  whole  to  be  turned  to  the  right  or  left  as  the  work  proceeds. 
The  curved  bar  G,  which  supports  the  form  P,  upon  which  the  leather  is  crimped,  has  its  groove 
lined  with  india-rubber  Q,  which  prevents  the  wrinkling  of  the  leather  while  undergoing  the 
stretching  process.  A  spiral  spring  is  employed  to  hold  together  the  two  parts  of  the  clutch  or 
yoke  N,  R,  and  thus  retain  the  work  rigidly  in  any  position ;  but  at  the  same  time  adapts  tho 
clutch  to  be  disengaged  to  allow  the  shaft  to  be  turned  to  bring  the  work  into  convenient  positions 
for  the  operator.  The  nut  K  on  the  screw  k  of  shaft  B  is  connected  with  the  yoke  N  through  the 
medium  of  the  collar  L,  so  as  to  allow  the  yoke  to  be  turned  independently  of  the  nut.  F  is  a 
Bleeve  on  shaft  B,  provided  with  a  projection  j,  and  is  used  in  combination  with  the  notched  hub  G, 
the  collar  H,  and  the  spring  I.  The  coupling  by  which  the  shaft  B  is  attached  to  the  bench  is 
composed  of  a  plate  C,  secured  to  the  bench  by  a  screw  D,  and  provided  with  a  socket  a  to  receive 
a  pintle  of  a  fork  which  is  fastened  to  the  sleeve  F  by  pivots. 

Gustins'  movable  jack  for  boot-making  is  shown  in  Figs.  1073,  1074.  The  arms  A,  /,  of  the 
frame  A,  have  supports,  as  t,  for  the  toe  and  heel  of  the  boot,  and  admit  of  rotation  on  a  pivot  at 
A.  The  bolt  C  and  the  friction-washer  o  prevent  a  too  ready  and  easy  movement  of  the  yoke  A 
upon  the  bolt  in  a  horizontal  plane.  The  crank-stop  d,  sliding  in  the  blocks  e  e,  with  the  holes  in 
the  segment  C,  Fig.  1074,  permit  the  instrument  to  be  inclined  for  working  purposes. 


1073. 


1075. 


Referring  to  Fig  1075,  which  shows  J.  H.  Belser's  machine  for  shaping  heels,  g  is  a  toe-clamp, 
h  its  latch  fastened  to  a  standard  <?,  which  is  provided  with  an  adjusting  screw  /,  and  attached  to  a 
shoe-holder  A.  The  knife  C  works  through  a  rocker-tube  E  by  means  of  the  slider  D,  which  is 
adjusted  so  as  to  act  in  combination  with  the  arrangements  shown  at  H  and  G.  The  position  of 
the  heel  whilst  being  shaped  is  shown  clearly  at  C. 

Fig.  1076  shows  a  side  elevation  of  a  machine  for  cutting  out  and  pricking  soles  and  heels,  by 
Craven  and  Carrack,  of  Leeds.  The  parts  A  are  standards  or  framework  braced  together  by  the 
table  B ;  C  is  a  shaft,  actuated  by  pulleys  c  through  intermediate  wheels  a,  6.  Cams  on  the  shaft  C 
impart  a  reciprocating  motion  to  the  slides  D  working  in  y-groc-ves  d.  The  slides  are  connected 
by  the  cross-head  E,  to  which  are  secured  the  frames  <?,  which  carry  the  wood  blocks  and  guides  / 
and  (j.  The  wood  blocks  /  are  bound  with  a  hoop  of  wrought  iron,  and  are  adjusted  in  any  desired 
position  by  means  of  set  screws  g  in  the  V-races  °f  *ne  frames  e.  The  guides  Q,  provided  with  set 
screws,  are  to  prevent  the  leather  from  being  thrust  too  far  either  laterally  or  longitudinally.  On 
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the  table  B  adjustable  frames  x  are  placed,  which  carry  the  clips 
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The  prickers  are  not  shown,  but  simply  consist  of  a  framework  of  pricks  or  needle*,  of  the 
contour  and  pitch  as  the  required  line  of  nails,  fastened  to  the  wood   block*  and  piercing  DM 
leather  in  their  descent.     The  knife/ 
and  its  adjustments  will  be  seen  more 
clearly  by  referring  to  the  detached 
plan  of  the  framework  or,  Fig.  1077. 

The  machine  being  set  in  motion,  a 
piece  of  leather  is  placed  by  the  at- 
tendant over  one  of  the  knives,  the 
cross-head  descending,  the  pressure  of 
the  wood  block  cuts  the  sole  or  heel 
required,  which  drops  through  the 
knife  and  the  aperture  in  frame  x  and 
table  B  into  any  convenient  receptacle. 

The  operation  of  fastening  a  solo 

to  an  upper  was  for  some  time  the  most  difficult  portion  of  boot  manufacture  by  tnwlunrn 
now,  however,  been  greatly  simplified  by  an  adaptation  of  the  sewing  machine  invented  by  John 
Ke^ts  and  W.  8.  Clark,  and  termed  by  them  the  Crispin  Machine. 

The  leading  features  of  this  machine  are  the  roinliinntion  of  a  hook  •ml  n  IM 
needle  and  a  shuttle.     This  arrangement  allows  of  the  thread  being  II.  ..tumtr. 

the  wax,  which  does  not  get  squeezed  out,  ns  in  j.n.sxin-  ttuoogb  tin-  « v  M 
the  hole  made  in  the  leather  is  no  larger  than  the  size  of  tin-  book,  ImeMtt 
thread  in  it  while  piercing  the  material.    Thus,  a  thicker  thread  can  be  turd  than 
needle.     The  stitch,  which  is  formed  on  the  Hiirfiuv  <.f  the  l«-utli.  .• 
the  firmest  made.     The  machine  is  arranged  to  be  driven  by  ht.-(un-|H.»-  r.  and  th*  B 
instantly  stopped  by  a  foot-lever  at  any  poiut  of  the  btitoh,  BO  that  the  workman  hi 
of  his  hands. 


arrow,  ia  on  a 


«  iiuu   am  uuruaa    mu  oufia  "*    *""  *«L 

level  with  the  bottom  end  of  the  slide,  and  then  fixing  the  hook  witb 


oo  a 
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level  with  the  point  of  the  divider  A,  care  being  taken  to  have  the  notch  which  receives  the 
thread  nt  right  angles  with  the  arm  of  the  machine.  After  the  large  bobbin  is  charged  with 
thread  ami  placed  in  position,  the  cover  and  hook-plate  at  the  end  of  the  arm  are  drawn  off,  and 
the  thread  brought  over  the  guide-pnlleys  until  it  reaches  the  pulley  B ;  it  is  then  passed  through 
the  eccentric  hole  in  the  small  gear-wheel.  The  thread  is  then  drawn  forward  and  passed  through 
the  hole  in  the  hook-plate,  the  cover  and  plate  being  replaced.  To  thread  the  shuttle,  the  bobbin 
has  to  be  placed  in  it,  with  the  long  centre  end  foremost.  The  thread  is  then  passed  through  tho 
upper  slot  over  the  bar  and  through  the  lower  slot,  and  then  through  one  of  the  round  holes.  Tho 
operator  then  places  the  shuttle  upon  the  slide,  and  outs  down  the  hinged  stop  C.  He  raises  the 
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pressure-foot  by  means  of  the  lever  D,  and  puts  the  work  under  the  hook  so  as  to  be  moved  from 
left  to  right.  After  the  machine  is  charged  with  waxed  thread,  the  gas  G  is  turned  on,  and 
t  lighted  through  the  holes  in  the  side  of  the  arm,  and  also  the  jets  behind  the  shuttle-race,  until 
the  machine  is  sufficiently  warm  to  make  the  wax  soft,  care  being  taken  not  to  let  the  flame  come 
in  contact  with  the  casting,  as  this  produces  soot,  which  destroys  the  heating-power  of  the  gas. 

A  counter-shaft  mounted  in  the  frame  under  the  table  being  put  in  motion  by  the  driving-belt, 
the  machine  is  started  by  pressing  the  foot-lever,  thereby  bringing  the  pulley  covered  with  leather 
into  contact  with  the  internal  pulley  mounted  on  the  end  of  the  driving-pinion.  The  moment  the 
pressure  with  the  foot  is  withdrawn,  the  machine  instantly  stops.  Suitable  tension  of  hook-thread 
is  obtained  by  the  thumb-screw  M.  The  feeder  is  adjusted  and  kept  to  push  in  the  required 
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direction  by  the  round  vertical  bar  being  pinched  with  the  thumb-ecrew  E-  an  tnelaof  «r  «- 

the  arm  is  found  most  convenient.  The  pres- 
sure is  adjusted  to  the  thickness  of  the  work  by 
means  of  the  double  screw-nut  F.  The  amount 
of  pressure  is  adjusted  by  the  screw  G.  The 
feeder  is  adjusted  to  the  thickness  of  the  work  by 
turning  the  screw  fl.  the  length  of  the  stitch 
is  regulated  by  turning  the  screw  I,  which  is  se- 
cured by  the  lock-nut  K.  To  remove  the  large 
bobbin,  the  pin  N  is  taken  out;  the  tension- 
spring  then  forces  it  out. 

The  Prickrng  Machine,  designed  by  Gimson 
and  Co.,  of  Leicester,  is  used  for  making  small 
holes  in  the  bottom  of  the  soles  and  heels  of  boots 
and  shoes  to  receive  the  rivets.  It  is  contrived 
so  that  the  distance  the  holes  are  apart  can  be 
varied  according  to  the  number  of  rivets  required. 
It  consists  of  a  standard  A,  Fig.  1080,  through 
which  is  a  small  crank-spindle;  the  treadle  B  is 
attached  to  the  crank,  and  the  driving-wheel  C 
is  fixed  at  the  other  end  of  the  crank-spindle ;  the 
motion  is  imparted  by  a  cord  G  from  this  wheel 
to  a  worm-shaft;  the  worm  gives  the  upright 
spindle  D  a  revolving  motion,  and  the  crank  E 
gives  to  the  arm  F  a  chopping  motion ;  the  boy 
works  the  treadle  with  his  foot,  and  with  his 
hands  presses  the  sole  against  the  guide  tooth 
wheel  D ;  this  wheel,  revolving  slowly,  moves  the 
sole  the  required  distance  as  each  prick  is  made 
by  the  arm  F. 

Gimson's  Eccentric  Press.  —  This  machine, 
Fig.  1081,  is  used  for  cutting  up  leather,  and  is 
constructed  for  the  use  of  four  men;  the  cross- 
head  E  moves  upwards  and  downwards,  and  re- 
ceives its  motion  from  the  driving-shaft  A,  which 
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has  a  pinion  attached,  and  works  into  tho  internal  toothed  \vhocl  l\  which  wheel  is  keyed  to  the 
eccentric  shaft  C;  the  eccentrics  are  fitted  with  straps  connected  to  a  stretcher — this  is  fixed  to 
the  side  D,  attached  to  the  cross-head  E;  the  screws  H  nro  movable,  and  can  be  adjusted  by  the 
man  to  suit  the  depth  of  the  knife  and  range  of  the  cutting-tools;  wooden  blocks  G  are  used  to 
cut  upon ;  the  leather  is  placed  on  the  block,  the  knife  being  put  on  by  the  man,  who  also  pushes 
it  under  the  cross-head  which  comes  down  upon  it  and  cuts  out  tho  sole ;  the  block  is  then  pulled 
from  under  the  knife,  placed  on  another  part  of  the  leather,  and  the  process  repeated. 

BORING  AND  BLASTING.  FB.,  Action  de  forer  et  de  faire  sautcr  par  unc  mine ;  GEU.,  Das 
Bohren  und  Sprenyen  einer  Mine  in  Berywerken. 

Boring  for  Minerals. — There  is  but  little  difference  in  the  system  of  boring  for  minerals  or 
boring  for  water ;  the  kind  of  rock  to  be  penetrated  does  not  even  cause  any  material  difference 
to  be  made  in  the  means  or  tools  by  which  it  is  done.  A  hole  of  3  in.  diameter  is  in  all  cases 
sufficient  for  a  test  on  a  mineral  vein.  In  the  U.S.  the  hemp  or  manilla  rope  is  used  for  boring. 
This  is  called  the  Chinese  method,  because  the  Chinese  have  practised  boring  in  that  manner 
since  our  knowledge  of  them.  The  Germans  penetrate  the  rock  by  means  of  iron  rods,  of  1  in. 
square  or  more.  These  rods  are  screwed  together  in  lengths  of  10  or  12  ft.  This  mode  of  work 
causes  the  operation  to  be  rather  expensive,  on  account  of  the  price  of  tools  and  machinery,  and  it 
is  not  very  expeditious.  The  same  method  was  followed  by  other  European  nations,  and  formerly 
in  this  country.  In  recent  works  of  this  kind,  wooden  rods  have  been  used  with  greater  advanta^o 
than  iron.  These  rods  are  long  slender  poles  of  pine  wood,  often  30  and  more  feet  long,  mounted 
with  iron  and  screwed  together ;  they  have  the  advantage  of  being  light  and  elastic,  so  as  to  cause 
less  concussion  and  consequently  less  repair  than  iron  rods.  Rods  offer  no  advantage  over  the 
rope  but  that  of  longer  durability,  and  the  earth  may  be  penetrated  to  a  greater  depth  by  means 
of  them  than  by  ropes.  The  latter  are  limited  on  account  of  strength  to  about  1000  ft.,  while  rods 
may  be  driven  down  to  2000  ft.  and  deeper.  We  will  describe  an  apparatus  which  may  be  used 
either  for  hemp-rope  or  wire-rope,  which  was  made  originally  for  hoop-iron  by  the  well-known 
metallurgist,  P.  Overman,  it  being  cheaper,  and  served  the  same  purpose  as  ropes  of  either  kind. 

At  A,  in  Fig.  1082,  is  represented  a  log  of  oak  wood,  which  is  set  perpendicularly  so  deep  in  the 
ground  as  to  penetrate  the  loose  gravel,  and  pass  a  little  into  the  rock,  so  as  to  stand  firm  in  its 
place ;  it  is  well  rammed  by  gravel,  and  the  ground 
levelled  so  that  the  butt  of  the  log  is  flush  with  the 
surface  of  the  ground,  or  a  few  feet  below.  Through 
this  log,  which  may  be,  according  to  the  depth  of  loose 
ground,  from  5  to  30  ft.  long,  a  vertical  hole  is  bored 
by  an  awjer  of  a  diameter  equal  to  that  of  the  boring 
in  the  rock.  On  the  top  of  the  ground,  on  one  side 
of  the  hole,  is  a  windlass,  whose  drum  is  5  ft.  in  dia 
meter,  and  the  cog-wheel  which  drives  it  6  ft. ;  the 
pinion  on  the  crank-axle  is  6  in.  This  windlass  serves 
for  hoisting  the  spindle  or  drill,  and  is  of  a  large  dia- 
meter, in  order  to  prevent  short  bends  in  the  iron, 
which  would  soon  make  it  brittle.  In  all  cases  where 
iron,  either  hoop-iron  or  wire-rope,  is  used,  the  dia- 
meter of  the  drum  of  the  windlass  must  be  sufficiently 
large  to  prevent  a  permanent  bend  in  the  iron.  On 
the  opposite  side  of  the  windlass  is  a  lever  of  unequal 
leverage  about  one-third  at  the  side  of  the  hole,  and 
two-thirds  at  the  opposite  side,  where  it  ends  in  a 
cross  or  broad  end  in  case  men  do  the  work.  The 
workmen,  with  one  foot  on  a  bench  or  platform,  rest 
their  hands  on  a  railing,  and  work  with  the  other  foot 
the  long  end  of  the  lever.  In  this  way  the  whole 
weight  of  the  men  is  made  use  of,  who  work  with 
great  ease.  The  lift  of  the  bore-bit  is  from  10  to  12 
in.,  which  causes  the  men  to  work  the  treadle  from  20 
to  21  in.  high.  Below  the  treadle  T  is  a  spring-pole 
S  fastened  under  the  platform  on  which  the  men 
stand ;  the  end  of  this  spring-pole  is  connected  by  a 
link  to  the  working-end  of  the  lever,  or  the  hoop-iron 
directly,  and  pulls  the  treadle  down.  When  the 
bore-spindle  is  raised  by  means  of  the  treadle,  the 
spring-pole  imparts  to  it  a  sudden  return,  and  increases  by  these  means  the  velocity  of  the  bit, 
and  consequently  that  of  the  stroke  downwards. 

The  spindle  is  represented  in  Fig.  1083,  a  piece  of  square  cast  iron,  or  wrought  iron,  of  from 
200  to  300  Ibs.  weight  for  a  hole  of  3  in.  diameter.  For  larger  holes,  of  5  or  6  in.  diameter,  its 
weight  must  be  increased  to  800  or  1000  Ibs.  At  one  end  of  the  spindle  the  hoop-iron  or  rope  is 
permanently  fastened  by  screws  or  rivets ;  at  the  other  end  the  bore-bit  is  inserted  in  a  round 
hole  and  fastened  by  a  flat  key.  The  spindle  may  be  provided  at  each  end  with  a  head,  in  the 
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form  of  a  cross,  but  these  are  unnecessary  appendages  ;  a  simple  square  rod  of  iron,  whose  diagonal 
section  is  equal  to  the  diameter  of  the  hole,  is  all-sufficient  for  the  purpose.  The  lengths  or  parts 
of  the  hoop-iron  may  be  made  as  great  as  possible,  and  should  be  of  the  best  fibrous  charcoal  iron ; 
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of  pinch  screws,  as  shown  in  Fig.  1084  ;  by  this  means  the 


.     _       -*  -  __ 

the  bottom  of  the  bore  sinks  down;  the  letting  out,  of  course,  can  be  performed  only  while  the 
work  is  stopped.    If  we  want  to  let  out  while  the  treadle  is  in  motion,  which  i«  n««ssaryU 
rock  a  screw  about  1  ft.  long  u  provided  at  the  end  of  the  treadle,  whidi  may  be  turned  3.51  Tb 
machine  is  m  operation.   The  bore-bit  has  been  shown  in  Fig.  1083  as  it  i*  falfc-m-d  to  the 


.  e 

This  is  a  simple,  flat  chisel,  whose  edge  is  steeled  with  good  cast  steel,  and  a  little  roundel 
to  play  always  m  the  centre  of  the  hole.    If  the  chisel  is  too  round,  or  pointed  in  tho  middlr  tl 


,       pointed 

hole  *  liable  to  get  narrow  m  the  bottom  ;  if  the  edge  is  straight,  the  hole  generally  *  ..e 
its  depth.    Other  forms  of  the  bit  are  of  little  use,  they  merely  cause  trouble  am!  lo«  of     me 
The  bit  must  be  fastened  very  firmly  in  the  spindle,  and  the  shoulder  of  it  fit  closely  to  it  or  bo 
are  liable  to  get  out  of  order.    When  the  spindle  is  to  be  lifted  from  the  pit,  the  end  of  the  hon 
is  taken  from  the  treadle  and  hitched  to  the  drum,  which  is  set  in  motion.    The  hoop  mustbe 
prevented  from  winding  over  the  hook's  eye,  or  the  pinch  screws,  for  that  would  caune  abort  bead* 
in  the  iron,  and  permanently  injure  it.    The  drum  must  be  so  high  above  the  hole  that  the  spin 
maybe  lifted  entirely  above  the  bore-log.    For  these  reasons  the  upper  end  of  the  latter  u  fre- 
quently found  to  be  some  feet  below  the  surface  of  the  ground. 

The  operation  of  boring  is  simple;  when  the  hole  through  the  bore-log  is  sunk,  the  spindle  is 
let  down,  hitched  to  the  treadle,  and  the  latter  set  in  motion,  which  labour  two  or  three  sliijas. 
men  can  readily  perform.  If  but  10  or  12  inches  lift  is  imparted  to  the  bit,  from  30  to  40  strokes 
may  be  made  in  one  minute.  If  a  good  hop-pole  is  appended,  from  30  to  45  stroke*  may  be  made 
by  men,  and  from  80  to  100  by  a  steam-engine.  The  rock  is  thus  penetrated  by  repeated  blows. 
of  which  from  50  to  100  are  sufficient  to  sink  1  in.  deep  in  soft  slate  and  shale  ;  from  500  to  1000 
in  sandstone  rock,  and  from  10,000  to  20,000  strokes  in  gray  wacko  or  gneiss.  ETCH  as  many  M 
30,000  and  40,000  blows  have  been  struck  to  penetrate  1  in.  deep  in  hard  graymcke.  Iron  pyrites 
are  almost  impenetrable;  and  the  best  plan  is,  if  the  vein  is  but  a  few  inches  thick,  to  break  it  by 
heavy  strokes  of  a  blunt  steel  point,  directed  so  as  to  break  off  pieces  from  the  mineral.  Whan  a 
certain  depth,  say  1  ft.,  or  2  ft.,  is  penetrated,  the  debris  of  rock,  ground  into  du*t,  and  floating  M 
fine  sand  in  the  water  of  the  hole,  must  be  removed,  which  is  done  by  the  pump:  thin  iimtrnnMBt 
ia  represented  in  Fig.  1085  ;  it  is  a  sheet-iron  cylinder,  of  from  3  to  4  ft.  long,  and  J  or  |  ia. 
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smaller  in  diameter  than  the  diameter  of  the  hole,  so  that  it  may  pass  down  easily ;  it  U  provided 
at  its  bottom  with  a  strong  iron  ring  riveted  firmly,  and  soldered  to  the  sheet  iron ;  upon  thu  ring 
is  fitted  a  valve,  which  may  be  a  poppet-valve,  or  a  ball,  or,  what  is  equally  as  good  as  any,  a  trap- 
valve  formed  of  a  piece  of  sole-leather  or  strong  india-rubber,  provided  with  a  piece  of  m«-Ul  to 
make  it  heavy  and  shut  close.  Metal  valves  do  not  shut  well,  for  often  coarse  sand  srts  into  the 
pump,  which  does  admit  of  a  hard  valve  to  shut,  while  a  light  valve  of  anft  matter  will  press  the 
sand  out,  or  at  least  close  sufficiently  tight  to  prevent  the  mud  from  flowing  out.  This  bucket  ia 
gently  let  down  upon  the  bottom  of  the  well  by  means  of  a  small  rope,  a  win- rope,  or  a  hoop-iron 
tape ;  it  is  then  rapidly  moved  up  and  down  a'few  times  by  hand,  and  raised.  Thi*  latter  opeta- 
tion  is  best  performed  by  a  small  windlass,  erected  purposely  for  the  pump.  The  strong  windlass 
is  too  heavy  and  slow  for  this  operation.  When  the  pumping  has  been  repeated  two  «>r 
times,  we  may  suppose  at  least  all  the  heavy  sand  is  removed  from  the  bottom  of  the  well. 
Pumping  ought  to  be  performed  after  the  water  has  been  for  a  while  at  rest,  early  in  the  maniac 
or  after  meal  times.  This  operation  is  very  simple  and  effectual.  The  pump  in  ln-ing  raised 
rapidly  from  the  bottom  of  the  well  causes  a  strong  current  of  water  to  paw  vertically  down;  this 
stirs  all  the  heavy  sand  in  the  bottom,  and  even  pieces  of  iron  and  uteel  which  may 
fall  into  the  well,  and  brings  them  into  the  pump.  Many  other  devices  hare  been 
this  purpose,  but  we  know  of  nothing  superior  to  this  simple  machine.  See  Asnwux 

Where  a  steam-engine  is  at  command,  as  is  generally  tho  rase  at  salt-wells,  the  opsratton  may 
be  performed  with  ease,  and  cheaply.  Is  a  water-wheel  or  a  mill  at  the  place  where  a  hole  is  to  ha 
sunk,  the  expenses  are  very  small,  one  man  attending  tho  whole  operation.  In  most  cases  it  does 
not  make  much  difference  where  the  hole  is  driven  down,  if  not  too  far  off  from  the  outcrop,  so  a 
not  to  miss  the  ore  deposit.  If  the  extent  of  a  mass  or  vein  1s  known,  and  we  want  merely  fc 
krlbw  the  depth  from  a  certain  point,  in  order  to  calculate  the  expenses  of  a  shaft  * 
it,  it  may  be  profitable  to  erect  a  steam-engine  for  boring,  in  case  the  depth  is 


Horses  or  mules  may  be  also  employed  at  a  common  horse-whim  to  do  the  work  ;  this,  howtfi 
not  much  cheaper  than  manual  labour,  but  the  work  may  be  done  faster.     In  case  a  steasMBft 


, 

water-wheel,  cr  horse-power  is  used,  a  shaft  with  cam*  or  tappets  must  be  provided.  »hi< 
press  upon  the  treadle  instead  of  the  feet  of  men.    If  in  this  arrangement  the  shaft  with  tapptto 
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cnn  be  BO  arranged  as  to  be  moved  farther  off,  or  closer  to  the  treadle,  it  is  recommended ;  for 
if  changing  stratified  rock  is  met  with,  different  heights  of  stroke  or  change  of  lift  is  required ; 
soft  rock  or  slate  cannot  bear  as  strong  blows  as  hard  rock.  In  this  case  the  spring-pole  must  be 
strong  enough  to  balance  the  whole  weight  of  spindle,  and  rope  or  iron  belt,  so  as  to  keep  it 
suspended  when  at  rest.  The  large  drum  for  winding  up  the  rope  may  serve  as  an  axle  for 
tappets;  the  latter  are  then  fastened  to  the  large  cog-wheel,  and  lift  the  treadle  directly,  or, 
what  is  the  same,  the  end  of  the  rope  or  iron  belt.  The  crank-shaft,  on  which  the  handles  are, 
serves  in  this  case  as  a  driving-shaft,  driven  by  pulleys  and  belt  from  the  engine,  the  water-wheel, 
or  horse-power. 

Turning  the  spindle,  or  bit,  is  a  necessary  operation  which  is  much  favoured  by  a  hemp-rope, 
not  so  much  by  a  wire-rope,  not  at  all  by  hoop-iron,  or  by  rigid  bars  of  iron  or  wood.  In  striking 
the  bottom  of  the  well  by  the  sharp  chisel,  it  is  to  turn  around  the  axis  of  the  spindle,  or  its  own 
axis,  in  order  to  cut  a  round  hole;  the  more  rapid  this  operation  is  performed,  the  more  correct  is 
the  work,  and  the  faster  it  proceeds.  The  hemp-rope,  in  lifting  the  spindle,  is  stretched,  and 
endeavours  to  untwist,  setting  the  spindle  in  a  rotary  motion,  in  which  it  continues  until  its 
return  to  the  bottom  of  the  well.  At  the  head  of  the  spindle  there  is  a  loose  eye,  or  swivel,  in 
which  the  rope  is  fastened :  the  rope  will  return,  when  slackened,  and  assume  its  twist  again. 
This  operation,  however  destructive  to  the  rope,  performs  the  rotary  motion  of  the  bit  more  per- 
fectly than  any  other  means.  The  rigid  rod,  and  the  hoop-iron  or  wire-rope,  must  be  turned  by 
hand,  if  no  machinery  is  expressly  prepared  for  the  purpose.  If  turned  by  hand,  which  is  done 
by  means  of  a  cross-handle  above  the  bore-log  by  a  small  boy,  it  ought  to  be  done  rapidly ;  each 
stroke  ought  to  have  more  or  less  than  a  whole  revolution.  If  this  operation  is  not  properly 
attended  to,  the  bit  is  very  apt  to  cut  rifles  or  flutes,  particularly  in  stratified  rock,  which  are  very 
troublesome  in  the  progress  of  the  work. 

Accidents. — It  may  happen  that  the  belt,  rope,  or  the  rod  breaks,  or  the  bit  or  spindle  is  injured, 
and  leaves  parts  of  steel  and  iron  in  the  hole.  If  the  latter  is  the  case,  and  the  pieces  broken  off 
are  not  too  large,  the  most  expeditious  plan  is,  to  take  a  dull  hard  bit  and  pound  the  iron  into 
such  small  pieces  as  may  be  removed  by  the  pump.  Is  the  belt  or  rod  broken,  the  operation  is 
not  difficult,  but  in  the  latter  case  tedious.  The  hoop-iron,  or  a  hemp  or  wire  rope,  is  easily  drawn 
up,  which  is  most  conveniently  done  by  the  following  machine.  In  Fig.  1086  is  represented  a  pair 
of  tongs,  which  are  fastened  to  the  main  rope  R,  which  is  slackened  in  letting 
down  the  tongs.  W  is  a  single  wire,  or  a  small  hemp-rope,  such  as  a  bed-cord,  or 
the  pump-rope.  When  the  tongs  are  so  far  down  as  to  be  below  the  broken  end  of 
the  rope,  the  wire  W  is  pulled  so  as  to  open  the  tongs,  after  which  the  belt  R  is 
turned  round  its  axis.  The  lips  L  of  the  tongs,  forming  a  basket,  sweep  now  the 
circumference  of  the  hole,  and  draw  the  broken  rod  into  their  grasp ;  when  such 
indications  are  perceived  at  the  upper  end  where  the  workman  is  turning  the  belt 
R,  the  wire  W  is  suddenly  slacked,  and  the  sharp  steel  lips  will  bite  the  iron  or 
hemp;  the  whole  is  now  lifted  by  the  windlass,  and  the  broken  ends  mended. 
With  a  wrought-iron  spindle,  hardly  anything  can  happen ;  a  cast-iron  spindle 
may  break ;  but  if  made  of  a  square  form,  there  is  so  much  room  on  the  four  flat 
sides  as  to  admit  two  sharp-pointed  bits  of  the  tongs,  which  may  fasten  in  it 
sufficiently  so  as  to  lift  it.  More  vexatious  than  such  breaks  is  the  crumbling 
of  rocks,  particularly  if  these  rocks  are  hard  or  tough.  If  the  spindle  has  a  little 
space  at  its  upper  end,  and  a  piece  of  rock  falls  down  from  a  higher  place  and 
wedges  in  between  the  spindle  and  the  walls  of  the  well,  it  causes  often  long  delay 
and  much  labour  to  remove  such  small  stones.  Is  the  treadle  moved  by  men,  such 
impediments  are  generally  observed  before  the  rope  breaks,  and  may  be  made  less 
disturbing  when  attended  to  in'  proper  time;  but  if  a  steam-engine  or  other 
power  is  at  work,  it  will  tear  the  rope  or  rod,  and  cause  the  spindle  to  be  tightly 
wedged.  In  order  to  prevent  the  breaking  of  the  rope,  that  part  of  the  lifter 
where  the  rod  is  suspended  must  be  made  so  weak,  that,  when  the  cam  lifts  it,  and 
it  is  heavier  than  the  weight  of  rope,  spindle,  and  bit,  it  will  break  and  prevent 
by  its  rupture  the  breaking  of  the  rope.  Is  the  latter  not  injured,  there  is 
generally  not  much  difficulty  in  getting  the  spindle  out.  At  the  top  of  the  bore- 
hole must  be  always  a  certain  mark,  which  indicates  exactly  the  depth  of  the  well 
by  the  length  of  the  rope ;  if  the  spindle  is  in  any  way  raised  above  the  bottom, 
we  may  know  it  by  this  mark,  or  by  the  position  of  the  treadle.  In  this  case, 
gentle  up  and  down  motions  at  the  rope  will  generally  loosen  the  spindle  so  as 
to  make  it  play ;  its  going  down  to  the  bottom,  however,  ought  to  be  prevented, 
for  which  reason  the  end  of  the  rope  is  laid  on  the  windlass,  and  the  rope  so  far 
stretched  as  to  prevent  its  sinking  to  the  bottom.  By  means  of  the  treadle  or 
by  hand,  the  apparatus  is  now  kept  in  motion  and  gently  raised  by  the  windlass. 
If  these  means  will  not  succeed,  force  at  the  windlass  is  tried,  but  never  beyond 
the  strength  of  the  rope  so  as  to  break  it.  If  this  also  fails  to  lift  the  spindle,  an  iron  rod, 
with  a  blunt  end,  which  cannot  penetrate  between  the  spindle  and  the  walls  of  the  hole,  is  let 
down  by  means  of  the  pump-rope,  and  gentle  blows  are  imparted  on  the  head  of  the  spindle ; 
this  will  either  start  the  spindle,  or  will  crush  the  pebbles  which  hold  it.-  Is  the  rope  or  rod 
broken,  these  operations  must  be  performed  with  more  caution,  so  as  to  prevent  forcible  lifting ; 
for  when  the  tongs  have  hold  of  the  broken  end  of  the  belt,  that  is  never  so  firm  as  the  rope*  or 
belt  itself. 

Most  of  the  accidents  are  caused  by  loose  stones,  gravel  or  pebbles,  crystals  or  pieces  of  slate, 
from  cavities  above.  Most  of  the  rocks  contain  caves,  or  nests  of  crystalline  loose  matter,  which  is 
thrown  down  by  the  motion  of  the  water  and  the  vibrations  of  the  boring  instruments.  In  these 
cases,  pipes  of  sheet  iron,  of  copper,  or  of  other  metals,  have  been  inserted  in  such  places ; 


\ 


I 


BORING  AND  BLASTING.  501 

which  operation,  however,  is  expensive,  tedious,  and  not  quite  safe ;  much  inponuitv  ha*  baa 
expended  on  inserting  such  pipes.    In  all  cases  of  boring,  the  mouth  of  the  well  or  dpi* 
ought  to  be  well  secured  by  the  bore-log;  it  should  reach  down  into  the  solid  ruck  and  imnnt 
any  dropping  of  gravel  from  above.    When,  in  the  course  of  the  descent,  cavities  are  penetrate. 
which  prove  to  be  filled  with  loose  matter,  threatening  to  obstruct  the  progress  of  the  operate 
the  best  plan  is  to  cut  through  such  a  cavern,  if  possible,  and  reach  the  solid  rode  again     If  thu 
cannot  be  accomplished,  the  chisel  is  driven  down  as  far  as  possible,  and  the  cavity  filled  by  e*m 
which  is  closely  rammed  in  by  a  plunger     The  cement  for  thin  purpose  U  mortar  cement,  • 
called  Roman  cement,  which  is  made  of  impure  limestone,  such  as  is  found  in  the  coal  regions  an 
marl  beds,  in  the  form  of  lumps  imbedded  in  marl,  clay,  or  shale.    This  kind  of  limestone,  whet 
burned,  does  not  slack;  it  must  be  ground  fine,  and  is  then  mixed  with  water  to  a  stiff  mortar 
If  no  such  impure  limestone  can  be  obtained,  common  lime  is  mixed  with  burnt  and  finely-ground 
iron  ore,  burnt  marl,  or  burnt  ferruginous  shale,  pumice-stone,  or  any  kind  of  volcanic  porous  rock. 
The  whole,  lime  and  admixture,  of  which  latter  about  40  per  cent,  of  thr  lim.-  i*  u-.^l  i-  K-r..in,.l 
together  and  mixed  with  water  so  as  to  form  a  stiff  mortar.    Cement  mortar  will  harden  in  the 
course  of  a  few  days  under  water ;  but  it  is  advisable  to  make  a  trial  of  it  In-fore  it  is  put  down 
into  the  well.    This  mortar  is  filled  in  canvas  or  muslin  bags,  of  such  a  size  as  to  mnk  gently 
down  to  the  bottom  of  the  well.    A  number  of  filled  bags  is  let  down,  and  then  the  plunger,— 
which  may  be  the  spindle,— is  pressed  upon  them  to  break  the  bags,  and  drive  the  mortar  into  the 
cavity.    This  is  gradually  filled  entirely  with  mortar,  and  then  left  at  rest  for  dome  days.    Part 
of  the  mortar  is,  in  the  meantime,  immersed  in  water,  above  ground,  in  order  to  observe  its 
progress  of  hardening.     When  the  mortar  is  hardened  below,  it  is  penetrated  by  the  bit,  and  a 
round  hole  bored  through  it,  which  forms  now  a  pipe  of  cement,  which  will  effectually  prevent 
Band  or  gravel  from  running  down  and  causing  disturbances  in  the  operations. 

In  all  cases  of  sinking  a  well  or  a  bore-hole,  the  progress  of  the  work  should  be  recorded  in  a 
journal  from  day  to  day ;  and  each  day,  or  at  each  pumping,  a  part  of  the  bore-meal,  or  the 
coarsest  debris,  saved  for  future  examination.  The  latter  operation  is  simple,  and  causes  no  low 
of  time.  When  the  pump  is  raised,  the  contents  of  it  are  cast  into  a  fine  wire  sieve,  or  into  a  bag 
of  fine  wire  gauze,  which  is  made  to  contain  all  the  contents  of  the  pump.  The  water  and  the  fine 
parts  of  rocky  matter  will  pass  through  the  meshes  of  the  sieve  and  float  off,  while  the  coarser 
parts  remain.  A  part  of  the  sediment  is  saved  in  a  paper,  or  in  a  small  box,  and  it  is  marked 
with  the  time  and  depth,  when  and  where  obtained,  for  future  reference.  These  evidences,  when 
put  together,  form  the  elements  of  a  section  of  the  rock  strata  penetrated  by  the  well,  in  that 
particular  spot,  and  are  suitable  objects  for  publication.  Any  geologist  can  form,  by  these  means, 
a  profile  of  the  rock,  or  general  formation.  Many  hundreds  of  artesian  well$  are  now  sunk,  and 
have  been  sunk  in  times  past  in  our  country ;  these  would  furnish  means  for  obtaining  a  corfWt 
insight  of  the  geology  of  those  places  where  the  operations  are  performed.  For  the  want  of  sorb 
records,  the  information  arising  from  the  labour  of  boring,  at  a  particular  spot,  is  lost  to  the 
community  and  the  science  of  geology. 

Any  size  of  hole  will  answer  the  purpose  of  the  miner ;  and  if  2  in.  in  diameter  could  be  rank, 
it  would  be  sufficiently  wide ;  but  this  cannot  be  done ;  the  form  of  the  tools,  pump,  and  rope. 
require  at  least  2*5  in.  All  complicated  tools,  such  as  .cross-chisels,  rasps  for  widening,  ana 
similar  instruments,  are  to  be  avoided.  They  are  expensive,  both  in  first  cost,  repair,  and  canso 
loss  of  time.  The  simple  flat  chisel  will  form  a  perfectly  round  hole ;  when  attended  to  in  tun. 
rope,  it  will  make  the  hole  wide  enough  all  the  way  down ;  if  frequently  changed  and  nhnrpeoed, 
it  works  easy  and  fast.  A  chisel  and  a  good  pump,  a  safe  rope,  and  good  tongs,  are  til  the  imnift 
ments  requisite  for  sinking  a  hole  of  2000  ft.  deep. 

We  give  an  example  of  boring  for  minerals,  from  the  '  Transactions  of  the  North  of  England 
Institute  of  Mining  Engineers,'  vol.  vii.  The  paper  which  furnishes  this  example  was  road  by 
the  justly-celebrated  Nicholas  Wood ;  we  give  it  and  the  discussion  thereon,  without  any  imfem) 
alterations,  to  show  the  baseless  fabric  upon  which  the  so-called  science  of  geology  is  made  to 
rest. 

Nicholas  Wood,  President  of  the  Institute  of  Mining  Engineers,  on  the  Depotit  of  Magnttic  ft 


sary  now  to  allude  is  the  Eosedale  Abbey  district,  the  ironstone  from  which  has  Attracted  a 
large  amount  of  attention,  on  account  of  its  large  percentage,  immense  deposit,  and  magnc 
properties." 

Marley  then  gives  a  history  of  the  discovery  of  this  bed  of  ironstone,  its  portion  in  the  • 
as  well  as  in  the  district  generally,  and  adds  all  the  information  which  had  then 
with  regard  to  the  particular  features  and  character  of  such  d.  |-.Mt.  vfckh  he  il 
diagram,  showing  the  explorations  which  had  been  made  by  drift*  aM  pit*  towanli 
tion;  and  he  then  conclude?  by  saying:— "I  have  no  doubt  that  this  seam  is  tee  si 
at  the  point  A,  Fig.  1087,  as  also  the  same  as  that  found  on  the  eaot  Hide  of 
Vardon's  property,  of  varied  thickness,  as  well  as  the  same  seam  as  that  at  Grosmonl 
Swainby,  and  Boltby,  known  as  the  top  seam  of  Cleveland— the  nine  inches  of  coal  i 
agreeing  with  Beckhole,  near  Grosmont,  in  particular;  so  that  the  only  dMM 
portion  from  the  outcrop  at  A  to  the  so-called  magnetic  quarry;  the  most  f( 
that  it  is  a  disjointed  patch  of  the  regular  seam,  known  as  the  tap  team,  and 
been  said ;  and,  with  all  deference  to  the  parties  who  have  had  more  oppor 
this  district  than  I  have,  I  propose  leaving  the  extent  of  the  magnetic 
an  unsolved  problem,  as  it  may  vary  from  one  or  two  acres  to  any  indefinite 
proved  to  the  south."  —  41,1. 

This  is  a  very  clear  and  correct  account  (says  Wood)  of  the  informatio 
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deposit,  Mariey's  opinion  being  that  it  represented  the  top  scam,  as  developed  at  Grosmont 
Fryupdale,  Swainby,  and  Boltby. 


10&7. 


Reference : — 0,  Shale  and  ironstone  ramble.     P,  Brown  and  grey  sandstone.     9,  Coal  and  shale.     S,  Shale 
and  sandstone.     T,  Sandstone ;   top  bed,  of  iron  and  lias  respectively,  not  proved  by  the  bore-hole. 


Sandstone     .. 
Ironstone,  top  seam 
Lias  shale 


A  Section  of  the  Strata  at  Grosmont  is  given  by  Marley  as  follows : — 
Ft    In. 

25     0 

..     12    0 
92     0 


Various  strata,  not  identified 
Lias  shale 


51 
55 


198    0 


Ft    In. 
29     0 


Ironstone  band  and  shale 

"Pecten"  band,  part  of  the  Cleve-'J 

land  thick  seam       / 

Shale     17 

"  Avicula  "  band,  Cleveland  seam    . .       6 

Another  section  near  Grosmont  gives  the  top  seam  11  ft.  6  in.,  then  187  ft.  of  shale  and  iron- 
stone, and  then  the  Cleveland  band. 


5  10 

4 

i 


The  Section  at  Fryupdale  is  as  follows  :- 


Ft.  In. 

Freestone      55  0 

Top  seam      12  0 

Jet,  cement,  and  alum  rooks     . .      . .  202  0 

Shale 60  0 


Ft  In. 

"Pecten"  band,  Cleveland  main  seam     6  0 

Shale       30  0 

"Avicula"  band,  Cleveland  main  seam    4  4 


The  Section  at  Swainby  is  as  follows : — 

Ft.    In.  Ft.     In. 

Shale 13    0      Shale 132    6 

Top  seam 23    0      Cleveland  main  bed       ..      ..       93 

And  at  Felix  Kirk,  near  Boltby,  the  Section  is : — 

Ft.    In. 

Brown,  yellow,  &c.,  gritstone 00 

Boltby  and  Rosedale  iron  rock       70 

Alum  shale,  or  upper  lias  shale       1160 

Upper  band  of  nodular  ironstone   . .       .       071  j  Type  of  Eston  or 

Thin  seam  of  soft  shale 3    0  >     *M      Cleveland   main 

Lower  band  of  nodular  ironstone    ..       .       0    6J  (      seam. 

Section  of  Strata  in  the  Hills  at  Swainby  Mines. 

Ft.  In. 
Soil,  &o 30 

I  Near  the  limekiln  this  is 
100,  with  9-in.  iron- 
stone balls  in  it. 

Slaty  coal 09 

Shale 10 

Sandstone 40 

Slaty  coal 09 

6    6 

Shale 50 

Coarse  freestone        36 

Shale,  with  occasional  nodnles  of  iron-\  ,Q    rt 

stone       I1 

Ironstone,  good         20 

Ironstone 21     0 

23    0 


Carried  forward 


78    0 
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Section  of  Strata  in  the  Hills  at  Swainby  Mines—  continued. 

Ft    In. 
Brought  forward       ......     78    0 

Shale  ................   132    Q 

Not      (  Ironstone    ..........         28 

Wrought  \  Shale  ............         10 

3    8 
Ironstone   ......         25) 

Shale  ........         1    8  I     5    7 

Ironstone  ......        1    6J     -      9    3    Scarthnick  bed  or 

Shale  ................       93 

Ironstone   ..........         13 

Shale  ............         06 

Ironstone   ..........         13 

-      3    0 
Shale  ................     16    6 

Ironstone   ..............       16 

Supposed  shale,  but  unproved  down  to  \  „„* 
the  level  of  the  bottom  of  Crook  beck  /  d" 


585    0 

Section  of  the  Strata  at  Eston  Nab,  showing  the  top  seam,  and  the  main  or  Cltttkmd  bamt, 
where  the  latter  is  in  perfection. 

Fi.   In. 

Soil,  and  other  strata  unproved 50    0 

Freestone  ....  ,     60    0 


Approximated. 


Seam  called 

the  "  Top 

Seam." 


Shivery  post,  patches  of  jet  and  clay 

Ft  In. 

Nodular  ironstone 01' 

Shale 2    Si 

/  Nodular  ironstone 

Shale         ..      .. 

Nodular  ironstone 

Shale        ..     .. 

Nodular  ironstone 

Shale         ..      .. 

Nodular  ironstone 

Shale         ..      .. 
V  Ironstone  band  (varies) 


M 


7 

OJ 
0  10 


1 

6 
1 

li 


6    0 


HHM    ! 

work  in- 
section. 


Aggregate  of  ironstone,  15J  inches. 

Approximated.    Lias  shale,  including  jet  rock  at  bottom     .. 

Ironstone  band        ..........     0    2 

Shale  ................     25 

Ironstone  band        ..........     0    2 

Shale,  mixed  with  nodules  of  ironstone     1  10 
Ironstone  band        ..........     0    !5 

Shale  ................     10 

Shale,  inclining  in  some  parts  to  a  fire-  \  ^    2 
clay  nature  ............  / 

Aggregate  of  ironstone,  9  inches. 


210    0 


10    0 


I    M          :•     I 

\ 


Cleveland 
Main  or 

Thick  Bed 

or  seam 

of 

Ironstone. 


Top  block,  left  as  roof    ........ 

Parting  regular  at  outcrop,  but  not  so 

after. 
Second  block  (left  as  roof  near  outcrop) 


Main  parting  (a  good  one  near  the  out- 

crop, but  lost  farther  in). 
Main  block  and  uniform        ...... 

Parting  (lost  after  leaving  outcrop). 
Bottom  block  (varies)    ........ 


Oil 


2  3 

3  2 


12    0 
1  10 


17    0 


• .  • : :  •-. 


Shale. 

Ironstone  band  (called  2-ft.  band) 


7    0 
_  l     8 

Shale".  ~  ....   o" "••      ••     J 

Ironstone  band         

Blue  shale        

Various  beds  of  grey  post  and  metal  atone,  Ac.  .. 


15    6 


Total 


WJ2    0 
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The  main  features  of  the  sections  given  by  Marley  as  assimilating  to  the  Rosedale  bed,  are, 
lat.    The  top  seam,  varying  from  12  to  23  ft.  in  thickness. 
2nd.  Lias  shale  and  other  strata,  132  ft.  to  220  ft. 
3rd.   The  Cleveland  main  band,  9  to  12  ft. 

But  in  all  these  sections  there  are  no  beds  of  ironstone  between  the  top  seam  and  the  Cleveland 
main  band. 

Bewick,  in  a  paper  presented  (says  Wood)  to  the  Institute,  and  printed  in  vol.  vi.  of  the 
4  Transactions,'  gives  drawings,  and  an  account  of  the  deposit  of  Rosedale,  and  concludes  with 
these  remarks, — "  My  object  in  thus  troubling  the  members  of  this  Institution  with  the  foregoing 
remarks  is  twofold.  First,  to  show  that  the  iron  ore  of  Rosedale,  instead  of  being  a  large  mini  nil 
field,  as  was  first  asserted,  and  still  believed  to  be  so  by  many,  is  nothing  more  than  a  volcanio 
dyke ;  and  secondly,  that  the  ironstone  lately  opened  out  in  this  locality  is  not,  as  it  is  reputed  to 
be,  the  main  seam  now  being  worked  in  the  Cleveland  and  Grosmont  districts,  but  it  is  my  opinion, 
if  Marley  will  permit  me  to  say  so,  the  top  seam." 

I  shall  now  (observes  Wood)  give  an  account  of  the  operations  concluded  by  Professor  Phillips 
and  myself  towards  the  investigation  and  development  of  this  bed  of  ironstone(. 

The  first  discovery  of  this  deposit  of  ironstone  was  at  a  quarry  on  the  south-west  side  of  the 
valley  of  Rosedale,  about  a  mile  south  from  Rosedale  Abbey,  and  shown,  Fig.  1088.  When  this 

1088. 


quarry  was  opened  out  it  was  found  to  consist  of  apparently  a  confused  mass  of  ironstone  boulders 
of  an  ellipsoidal  structure,  and  of  gigantic  size,  often  3  or  4  ft.  in  diameter ;  the  central  part  of 
these  boulders  being  generally  blue,  and  consisting  of  a  solid  dark  oolitic  magnetic  iron  ore,  with, 
in  many  cases,  sandy  and  solid  ironstone  crusts  around  it ;  and,  in  receding  from  the  centre,  the 
iron  ore  becomes  paler,  alternating  with  dark  brown  purplish  layers ;  the  layer  then  becomes  pale 
brown,  and  the  magnetic  quality  is  lost.  In  most  cases,  however,  the  nodules  are  quite  solid,  and 
a  slight  stratification  exists,  though  very  obscure;  and  in  several  cases,  likewise,  the  oolitic 
structure  is  merged  into  compact  brown  iron  ore.  In  some  parts  also,  where  exposed  to  the  water 
and  to  the  weather,  the  iron  ore  is  partly  washed  away,  and  a  gritty  ferruginous  crust  remains. 
These  great  variations  do  not  occur  where  the  ironstone  is  under  cover,  or  covered  by  other  strata, 
but  appears  to  assume  those  different  phases  in  consequence  of  its  extreme  susceptibility  to  change 
by  exposure  to  air  and  water;  and  it  is  somewhat  remarkable  that  the  magnetic  property  is 
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strongest  where  the  m.iss  is  thickest,  and  scarcely  shows  any  magnetism  in  places  where  it  is  thin, 
or  where  it  has  little  cover,  and,  consequently,  more  exposed  to  decomposition  or  change. 

The  great  characteristic  difference  of  composition  between  this  ironstone  and  the  top  and  main 
band  of  Cleveland  is,  the  entire  absence  of  shells,  the  structure  being  entirely  of  an  oolitic  character, 
being  entirely  composed  of  small  round  concretions  of  iron  ore,  cemented  together  with  extremely 
thin  siliceous  or  arenaceous  films,  and  in  its  magnetic  properties  exhibiting  polarity,  and  likewise 
in  its  greater  richness  than  the  ordinary  ironstone  of  Cleveland. 

This  quarry  has  been  excavated  so  as  to  form  a  face  of  GO  ft.  in  thickness;  to  which  must  be 
added  11  ft.  of  blue  magnetic  stone,  2£  ft.  red  ironstone,  slightly  magnetic,  bored  down  below  the 
bottom  in  magnetic  stone,  and  3  ft.  of  shale. 

Soon  after  the  quarry  was  discovered,  it  was  thought  advisable  to  drive  a  drift  into  the  side  of  the 
hill,  to  ascertain  the  extent  of  this  deposit,  the  quarry  being  about  600  ft.  from  the  bottom  of 
the  valley,  and  about  300  ft.  below  the  utmost  level  range,  or  plateau  of  moors,  lying  on  the  south- 
west side  of  the  valley.  This  drift,  together  with  a  pit  sunk  upon  it,  is  shown  by  a  drawing  in 
Marley's  paper.  Since  then,  it  has  been  driven  to  a  much  greater  distance,  and  three  bore-holes 
have  been  put  down  from  the  surface  to  the  Rosedale  bed  of  ironstone. 

Fig.  1088  shows  the  position  of  this  drift,  the  distance  and  direction  in  which  it  has  been 
driven  into  the  hill,  and  also  the  position  of  the  three  bore-holes  and  the  quarry.  And  Fig.  1089 
also  shows  the  section  of  the  same  drifts,  and  the  section  of  the  borings,  together  with  their  deptha 
from  the  surface,  and  the  beds  of  ironstone  which  they  have  proved.  I  have  carried  such  section 
across  the  valley,  for  the  purpose  of  showing  the  position  of  the  ironstone  band  on  the  opposite  side 
of  the  valley. 

Fig.  1090  shows,  on  a  larger  scale,  the  strata  bored  through  in  the  three  bore-holes  above 
alluded  to,  and  the  ironstone  beds  which  they  have  proved;  Figs.  1091  to  1093,  bore-holes,  Fig. 
1094,  facing  drift,  and  Fig.  1095,  side  drift — show  the  thickness  of  the  lower  bed  of  ironstone  in 
the  several  bore-holes  in  the  face  of  the  drift,  and  also  in  the  side  of  the  drift. 
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It  is  necessary  to  remark  that,  where  the  drift  was  first  set  away  in  the  side  of  the  hill,  it  met 
with  shale,  and  it  continued  in  shale  for  a  distance  of  about  80  yds.,  when  the  ironstone  was  found. 
The  drift  continued  in  the  ironstone  for  a  distance  of  180  yds.  farther,  making  a  total  distance  of 
260  yds.  from  the  face  of  the  hill.  Fig.  1089  is  a  section  of  the  ironstone  at  the  face  or  farthest 
extremity  of  the  drift,  showing  an  entire  thickness  of  32  ft.  of  ironstone,  namely,  6  ft.  2  in.  of 
drift,  11  ft.  9  in.  above  the  drift,  and  14  ft.  below  it.  And,  what  is  important  to  mention,  the 
ironstone  was  here  distinctly  stratified,  as  shown  by  the  lines  across  the  section,  Fig.  1094. 

400  yds.  in  advance  of  the  extreme  end  of  the  drift,  and  660  yds.  from  the  side  of  the  hill,  a 
bore-hole.  No.  2,  Fig.  1089,  was  put  down ;  and  at  right  angles  to  the  line  of  this  bore-hole  from 
the  drift  two  other  bore-holes  were  put  down  from  the  surface,  as  shown,  Figs.  1089,  1090,  each 
200  yds.  distant  from  No.  2  bore-hole,  or  400  yds.  separate  ;  and  the  following  are  sections  of  the 
strata  passed  through  in  these  bore-holes. 

Account  of  the  Boring  No.  1,  Fig.  1090,  or  South  Bore-hole,  on  Rosedale  Moor. — 1858. 


No. 

1  Clay      

2  Metal  or  shale 

3  Brown  freestone  water 

4  Metal  or  shale 

5  Brown  and  grey  post  . . 

6  Grey  metal 

7  Brown  and  grey  post  . . 

8  Grey  metal 

9  Grey  post      

10  Grey  metal 


11  Ironstone,  magnetic    . 

12  White  shale  mixed  with  \ 

ironstone / 


Fins.  Ft 

In. 

No. 

0 

5 

0 

1 

1 

0 

13 

12 

5 

6 

14 

6 

1 

6 

15 

2 

0 

0 

16 

3 

2 

0 

17 

3 

4 

8 

18 

3 

4 

9 

0 

5 

6 

3 

1 

10 

19 

20 

38 

1 

9 

0 

4 

o 

Fms.  Ft.    In. 


Brought  forward . . 
Ironstone,  magnetic  .. 
Shale  mixed  with  ironstone 

White  post 

Shale     

Dark  metal 

Shale  with  post  girdle 


Ironstone,  magnetic 
Inte.  shale     . 


Total  depth,  fathoms      ..51     1    7 


39 
0 
1 
0 
1 
0 

1 

4 
5 
0 
2 
1 
3 
5 

0 
B 
1 
0 
0 
3 

45 
5 
0 

•1 
2 
1 

1-1  O  CD 
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Carried  forward 


..  39    4    9 
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Account  of  the  Boring,  the 
No. 

Middle  Hole, 
Fms.  K1* 

or  Ab. 
In.     w~ 

2,  Jlj.  1090,  on  Ro»Mt  J/bor._1857. 

1 

Freestone  ramble 

..      0 

3 

o 

A1U. 

FIM.  Kl 

:• 

2 

Metal     

o 

4 

10 

Brought  forward 

37 

i 

: 

3 

Brown  post  .  .      .  .   5 

2    0) 

i 

1  J 

20 

White  pout 

M«-t:il 

0 

i 

1 

4 
5 
6 

Grey  post      .  .      .  .   1 
Brown  post  .  .      .  .   5 
Metal     

3    0  12 
2    OJ 
5 

1 

3 

0 

o 

21 
22 

White  post    .. 

1 
0 
* 

i 
i 
i 

'•• 
1 
| 

Metal  ironstone  girdles 

7 

Post  with  water  .  . 

..     0 

5 

o 

8 
9 
10 

Metal    ..      .. 
Coal       
Metal     

..     0 
..     0 
..     0 

5 

0 
2 

0 
4 

t; 

23 
24 

Ironstone        
White  poet  mixed  with  whin 

4-2 

i 
i 

* 
i 
i 

:. 
: 
I 

11 
12 

White  post  with  water 
Metal     

..     0 
..     2 

3 
1 

0 
6 

26 

Black  metal  mixed  with  iron 

fctoiKi 

)o 

t 

I 

| 

13 

Grey  and  brown  post  .  . 

..     2 

3 

0. 

/ 

14 

Metal     

..     3 

2 

o 

15 
16 
17 

Brown  post 
Metal     
White  post    

..     2 
..     3 
..     0 

3 

5 
4 

•; 
0 
0 

27 

28 

Ironstone 

48 
5 

1 

i 
i 

i 

! 

» 
i 

Into,  grey  shale  

18 

Metal     

..     0 

5 

5 

Total  depth,  fathoms  .. 

54 

i 

i 

Carried  forward 

..  37 

B 

:; 

-^—  — 

— 

Account  of  the  Boring,  No.  3  Hole,  Fig.  1090,  or  Nortk  Hole,  on  Botedab  Moor.-lS58. 


No. 

Fmg.Ft. 

In. 

No. 

1 

Clay      

1 

1 

0 

2 

Brown  post  

11 

5 

0 

14 

3 

Grey  metal  

4 

1 

0 

15 

4 

Brown  post  

3 

8 

6 

16 

5 

Grey  metal  

2 

0 

0 

17 

6 

Brown  post  

2 

1 

0 

18 

7 

Grey  metal  

2 

5 

0 

19 

8 

Brown  or  grey  post 

3 

9 

0 

20 

9 

Grey  metal  ironstone  girdles 

4 

1 

0 

21 

10 

Grey  post      

0 

4 

6 

11 

Grey  metal  

2 

0 

6 

22 

38    3    6 

12  Ironstone,  magnetic    ..      ..     046 

13  White    shale,   mixed  with)  , 

ironstone / 


1    0 


Carried  forward 


40    3    0 


FOUL   Ft  In. 
Brought  forward     ..40    3    0 

Ironstone      

Shale,  mixed  with  ironstone    0 
Gullity  post 
.     Ironstone,  magnetic    .. 

18  Light-coloured  ironstone   .. 

19  White  post,  mixed  with  whin 
Ironstone,  magnetic    .. 

Grey  shale,  mixed  with  iron-\  . 

stone  and  post  girdles    ../ 
Black  metal 0 


23  Ironstone,  magnetic 

24  lute,  shale    . 


Total  depth,  fathoms..  52    8    3 


It  will  be  seen,  therefore,  that  for  a  distance  of  580  yards  from  the  pit,  No.  1  on  the  section, 
Fig.  1089,  to  the  boring  No.  2  on  the  same  section,  the  thickness  of  this  bed  of  ironstone  is  nearly 
the  same,  and  that  this  is  the  case  likewise  at  the  other  two  bore-holes.  No*.  1  and  3,  at  right 
angles  to  the  above  line  of  section,  the  respective  thicknesses  being  as  follows  :— 


Drift 

No.  1  bore-hole . . 


Ft  In, 
32  0 
32  0 


No.  2  bore-hole . . 
•   •        M        •• 


Ft   In. 
32    0 


These  borings  and  sections  show  two  distinct  beds  of  ironstone,  stratified  with 
and  they  prove  most  conclusively  that  neither  of  them  ia  at  all  like  what  Bewick  term*  "  nothing 
more  than  a  volcanic  dyke." 

It  will  be  seen  by  the  map  of  the  district,  Fig.  1088,  that  a  border  U  traced  around  the  edf*  of 
the  valley ;  this  is  undoubtedly  the  outcrop  of  what  is  called  the  "  top  warn  "  of  iionstone,  M  it 
can  be  traced  south  and  cast  into  Eskdale,  and  towards  Groamont  and  Fryupdalc :  and  also  north 
towards  Swainby  and  Boltby,  in  which  localities  Marley  has  given  section*  of  the  top  scan,  and 
also  of  the  Cleveland  main  band.  Supposing  this  outcrop  in  the  Roaedalc  Taller  to  be  Urn 
top  seam,  then  the  upper  bed  in  the  sections,  Figs.  1089,  1090,  ia  unquestionably  the  topsjnsji 
likewise;  and  we  there  have  a  bed  of  ironstone  upwards  of  80  ft.  thick,  lying  parallel  to  und 
strictly  conformable  with  the  "  top  seam  "  (and  separated  therefrom  only  by  a  thin  lied  at  shale), 
of  an  entirely  different  character  from  either  such  top  seam  or  the  main  band  of  Cleveland. 

I  have  (says  Wood)  laid  down  on  plan,  Fig.  1089,  a  section  of  the  strata  given  br  Mar! 
Grosmont  to  the  south-east,  and  at  the  Swainby  mines  to  the  north ;  and  I  have  added  the  section 
at  Eston  Nab.     It  should  be  observed,  also,  in  corroboration  of  tho  upper  bed  of  ij  nations. 
Fig.  1089,  being  the  top  seam,  that  a  bed,  or  rather  three  or  four  beds,  of  imostooe  intermixed 
with  shale  occur  in  the  brook  of  Bosedale  and  crops  out  in  the  bank,  which  is  generally  believed 
to  be  the  representative  of  the  Cleveland  main  band,  though  the  ironstone  is  Terr  inferior,  and  not 
workable.    I  have  laid  down  on  the  section,  Fig.  1089,  the  position  of  this  bed  of  ironstone,  whfc 
agrees  pretty  well  with  its  position  in  the  other  sections,  making  allowance  for  the  variation  in 
the  thickness  of  the  lias  shale  aa  found  in  the  several  localities. 

I  have  (observed  Wood)  likewise,  in  Figs.  1088,  1089,  shown  the  position  of  the  quarry,  which 
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appears  to  have  slipped  down  below  the  level  of  the  beds,  as  shown  by  the  drift  and  borings. 
This  appears  to  have  been  occasioned  by  a  slip-dyke  which  crosses  the  drift  near  the  pit,  as  shown 
on  the  plan,  Fig.  1088.  It  will  be  seen  by  this  plan  that  the  drift  passed  through  alluvial  soil 
and  shale  up  to  near  the  pit,  when  this  dyke  was  crossed  and  the  ironstone  cut,  as  shown  on  the 
plan,  This  dyke  is  supposed  to  run  in  the  direction  shown  on  the  plan,  crossing  the  drift  near  the 
pit,  and  throwing  the  strata  down  on  the  south-west  side,  and,  consequently,  the  strata  comprising 
the  quarry ;  and  it  appears  that  the  quarry  itself  is  much  broken,  and  has  very  much  the  appear- 
ance of  a  disjointed  slip,  the  elliptical  nodules  being  in  a  mass  of  confusion,  as  shown  on  the 
plan. 

It  has  been  supposed  by  some  parties  that  this  dyke  has  given  the  magnetic  character  to  the 
ironstone ;  but  it  is  well  known  that  the  character  of  the  ore  must  be  changed  from  a  peroxide  to 
a  protoxide  to  become  magnetic,  which  the  crossing  of  the  dyke  through  the  strata  could  scarcely 
accomplish  ;  and  then  we  have  the  entire  absence  of  shells  in  the  lower  bed,  while  the  matrix  of 
the  upper  bed  or  top  scam  is  entirely  calcareous  and  filled  with  shells.  The  concretionary  nature 
of  the  stone,  and  the  much  greater  percentage  of  iron  produced  by  this  deposit  over  that  of  either 
the  top  seam  or  the  Cleveland  main  band,  are  also  characteristic  of  this  bed*of  ironstone ;  the 
analysis  given  by  Marley  of  the  Rosedale  stone  being  upwards  of  50  per  cent,  of  metallic  iron, 
while  the  top  seam  and  main  band  are  about  32  to  35  per  cent. ;  and  the  produce  of  a  large  quan- 
tity smelted  at  Consett  gave  55  per  cent,  from  the  calcined  ore,  and  45  per  cent,  from  the  raw 
stone. 

Whatever  opinion  may,  therefore,  be  formed  of  the  cause  of  this  deposit,  we  certainly 
have  the  fact  that,  for  a  width  of  400  yds.  and  a  length  of  580  yds.,  we  have  a  bed  of  ironstone 
highly  magnetic,  of  an  almost  entirely  uniform  thickness,  totally  different  in  its  mineralogical 
character  from  the  ordinary  stone  of  the  district,  and  yielding  in  produce  nearly  20  per  cent,  more 
iron  in  the  furnace.  To  what  extent  this  bed  may  exist  beyond  the  extent  already  proved  will  be 
the  subject  of  further  investigation ;  but  it  will  be  a  very  extraordinary  anomaly  in  geology  if  a 
bed  of  such  uniform  thickness  should  not  extend  to  considerable  distances.  It  has  been  stated 
that  a  similar  bed  has  been  discovered  in  other  and  distant  localities ;  not  being  myself  cognizant 
of  the  facts,  and  my  information  not  being  very  precise,  I  abstain  (says  Wood)  from  giving  such 
information  at  present.  The  importance  of  such  discoveries  are  of  too  great  interest  in  the  district, 
and  too  valuable  in  a  commercial  point  of  view,  to  remain  long  unexplored,  and  therefore  we  may 
hope  that  at  some  future  period  the  Institute  will  be  favoured  with  an  account  of  such  deposits. 

The  President's  paper  on  the  Rosedale  Ironstone  having  been  read,  a  discussion  thereon  was 
taken. 

Bewick  said  the  magnetic  ore  in  the  quarry  was  a  casual  deposit  in  the  shape  of  a  dyke  or 
vein. 

Marley. — I  understand,  since  I  was  at  Rosedale  Abbey,  that  which  the  President  stated  to  be 
the  top  seam  had  been  discovered  in  a  regular  stratified  state  on  the  south  side  of  the  magnetic 
quarry.  At  the  last  discussion  we  had  on  the  subject,  I  admitted  if  that  bed  of  ironstone  had 
been  discovered  keeping  on  its  uniform  rise  and  dip,  from  the  north  side  of  the  quarry  to  the 
south,  I  had  been  mistaken  in  supposing  the  magnetic  seam  to  be  the  same  as  that  of  the  seam 
then  discovered  on  the  north  side  of  the  quarry.  Then,  as  to  whether  it  was  a  vein  or  a  bed,  or 
whether,  what  I  supposed  at  the  last  meeting,  it  was  an  overflowing  between  soft  strata,  similar  to 
"  flats  "  in  lead  veins,  I  had  not  an  opportunity  of  forming  an  opinion,  for  want  of  the  three  bore- 
holes, which  have  now  been  given. 

The  President. — What  you  stated  was  quite  correct.  The  top  seam  had  not  then  been  found  on 
the  south  side  of  the  quarry.  It  is  now  found  on  the  south  side  as  well  as  the  north  side ;  but  I 
do  not  think  we  have  yet  discovered  the  magnetic  stone  on  the  south  side  of  the  quarry,  except  in 
the  drifting  and  borings. 

Marley. — When  I  made  my  examination,  preparatory  to  reading  my  paper,  the  top  seam  at  the 
point  A  on  Fig.  1087,  therein  referred  to,  was  lost,  and  no  continuation  was  found  south  of  the 
magnetic  quarry ;  but,  by  competent  witnesses,  I  have  been  informed  it  is  now  found  south  of 
the  said  magnetic  quarry.  But,  if  the  magnetic  stone  is  a  bed,  it  is  extraordinary  so  large  aii 
extent  of  country  should  give  no  trace  of  it,  as  at  Grosmont  and  other  places  we  have  not  the 
slightest  trace  of  it.  At  Ingleby  they  are  putting  three  bore-holes  down,  with  a  view  of  proving 
the  existence  or  otherwise  of  the  magnetic  ironstone  there.  They  are  now,  I  believe,  past  the  top- 
seam  position,  but  have  got  nothing  but  shale  yet.  These  borings  will  prove  about  100  fathoms 
of  strata.  I  have  hitherto  been  of  opinion  that  the  round  particles,  in  the  specimens  of  magnetic 
ore,  are  oolitic  shells. 

The  President,  N.  Wood. — No.    I  believe  they  are  iron,  with  a  siliceous  matrix. 

Marley. — Has  one  of  those  globules  ever  been  analyzed  by  itself,  and  found  to  be  pure  iron  ? 

Wood. — I  do  not  know ;  but  I  believe  there  is  no  calcareous  matter  in  those  particles  which 
there  would  be  if  it  were  shells. 

Marley. — Unless  it  is  some  peculiar  formation. 

Wood. — Then  the  shell  is  gone,  and  the  iron  left. 

Boyd. — The  chemical  part  of  the  shell  remains  in  the  Cleveland  stone. 

Marley. — The  magnetic  stone  is  not  in  analogy  with  the  Cleveland. 

Wood. — It  has  changed  its  character  from  a  peroxide  to  a  protoxide. 

Marley. — I  acknowledge  the  magnetic  stone  is  free  from  "  pectens." 

Bewick. — After  hearing  what  has  been  stated  by  our  President,  I  am  bound  to  say  our  opinions 
are  as  much  opposed  as  ever ;  and  I  shall  endeavour  to  show  you  that  the  ironstone  beds  they  have 
BORED  THROUGH  at  Rosedale  Abbey  are  not  the  same  as  the  magnetic  ore  and  top  bed  found  by 
the  side  of  the  valley,  that,  in  fact,  the  borings  have  not  reached  those  deposits  by  several  feet, 
and  that,  therefore,  they  have  not  as  yet  proved  anything  more  respecting  them.  The  strata  they  have 
bored  through  are  quite  above  them,  and  you  will  find  on  looking  at  the  table  of  the  borings, 
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Brown  freestone    . .     No.  1  bore-hole 
Brown  and  grey  post     „    2 
Brown  post     . .      . .       ,,3 

:.— That 


\ 

1     i 
5    0 


with  other  beds  of  port, 
mixed  with  abate. 


to.    That  rock 


cannot,  therefore,  have  touched  the  top  bed.  In 
this  section,  Fig.  1096,  you  have,  in  my  opinion,  a 
type  of  the  ironstone  you  have  gone  through  in 
your  borings.  The  seams  here  are  thin  and  divided, 
and  the  shale  between  them  is  interspersed  with 
iron  nodules ;  and,  as  you  admit  the  seams  are  split 
in  the  last  bore-hole,  it  but  serves  to  confirm  my 
opinion  that  they  are  one  and  the  same.  They  c 
occupy  the  same  geological  position  in  the  series —  „ 
that  is,  they  intervene  the  great  sandstone  rock  and 
the  coal  measures  in  the  oolitic  series. 

Wood. — Do  you  purpose  giving  the  sections  for 
publication  ? 

Bewick. — Yes ;  I  intend  leaving  the  whole  of  the 
sections  with  you  for  that  purpose.  The  thickness  & 
of  every  stratum,  in  the  diagram  representing  a 
cross-section  of  the  vale  of  Rosedale,  is  taken  from 
the  table  of  the  borings  before  referred  to,  in 
which  I  may  here  observe  there  is  an  error  of  3 
fathoms  2  ft.  The  total  ought  to  be  48  fathoms  2  ft. 
instead  of  51  fathoms  4  ft. ;  and  if  you  take  from 
this  1  fathom  1  ft.  for  the  grey  shale  they  have  left 
off  in,  below  the  ironstone,  it  leaves  47  fathoms  1  ft. 
from  the  top  of  the  bore-hole  to  the  bottom  of  the  ' 
ironstone.  I  am  thus  particular  because  I  have 
taken  a  line  of  levels,  commencing  at  the  south 
drift,  by  the  side  of  the  hill,  and  terminating  at  the 
south  bore-hole;  and  I  find  there  is  a  difference  in  the  height  of  the  level,  and  the  depth 
of  No.  2  bore-hole,  Fig.  1090,  of  64  ft.,  fully  corroborating  what  I  have  before  stated,  namely. 
— That  the  bore-holes  have  not  yet  reached  the  sandstone  which  overlies  the  top  bed;  and  if 
you  will  allow  me  to  explain  my  sections,  I  think  they  will  prove  to  yon  that  the  immtmn 
they  have  cut  through  belongs  to  that  which  we  call  the  oolitic  beds,  and  which  are  (bond 
in  different  localities  in  the  Grosmont  district,  not  so  thick,  it  i»  true,  in-ithcr  are  they  mag- 
netic ;  but  they  are  found,  as  I  before  stated,  occupying  the  same  geological  position,  and  accom- 
panied by  the  same  description  of  strata.  Section,  Fig.  1096,  is  taken  between  Goathland  Mill 
and  Beckhole,  near  Grosmont,  which,  you  will  observe,  contains  the  same  alternating  strata 
of  sandstone,  shale,  coal,  and  ironstone,  as  you  see  in  section,  Fig.  1087,  which  U  a  transverse 
section  of  the  vale  of  Rosedale,  representing  the  strata  they  have  bored  through  there.  The  iron- 
stone beds  «  and  c,  in  section,  Fig.  1096,  are,  in  my  opinion,  the  same  as  those  marked  <i  an<l  in 
section,  Fig.  1087.  The  bed  c  is  very  irregularly  diffused  throughout  this  portion  of  th< 
district.  It  is  found  in  the  nodular  form.  In  some  places  you  find  it  of  ronnidera!>!<>  thick- 
ness, and  then,  again,  entirely  wanting.  Sometimes  of  good  quality,  but  more  frequentlv  coarse 
and  inferior,  and  gradually  alternating  with  the  sandstones.  The  bed  a  is  more  regular,  bat 
thinner,  and  of  very  good  quality ;  its  upper  portion  consists  of  a  nodulai  bed  avenging  from 
3  to  6  in. ;  and  the  lower  portion  a  bed  averaging  from  12  to  18  in.  in  thickness.  Wherever  I  have 
met  with  those  beds,  however,  I  have  always  found  them  so  variable,  both  in  extent  and  " 

10S7. 


Reference :— 1,  2, 3,  Sondrtoo*,  dul*,  and  coal. 
4,  Sandstone.  5,  Upper  lias,  a,  6,  c,  trnnstoni. 


as  to  afford  no  reasonable  prospect  of  their  paying  for  working.    They  may  certainly  b>  fcmd 
different  at  Rosedale ;  but  I  would  just  observe  that  I  consider  boring  a  mottJM 
proving  ironstone  deposits  in  strata  such  as  that  which  these  borings  have  gone  through,  jroa 
liable  to  mistake  a  nodule  for  a  bed,  or  a  portion  of  a  bed.    I  shall  be  much  nirpriMd 
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not  find  the  section  of  your  shaft,  should  you  sink  one,  very  different  from  the  section  of  your 
bore-hole. 

Wood. — Then  it  is  a  question  of  policy,  in  Bewick's  view  of  the  case,  commercially  considered, 
whether  the  borings  should  not  be  continued.  With  regard  to  the  identity  of  the  position  in 
the  series  of  the  bed  of  ironstone  ranging  around  the  Rosedale  valley,  as  shown  in  Fig.  10!)7,  and 
also  in  Fig.  1087,  it  appears  to  be  undoubtedly  the  top  bed  of  Cleveland.  All  parties  admit  this. 
Then  the  question  is,  Is  the  bed  of  ironstone  proved  at  the  pit  No.  1,  Fig.  1089,  and  the  bed 
corresponding  therewith  and  proved  in  the  bore-holes  Nos.  1,  2,  and  3,  and  therein  designated  by 
me  as  the  top  seam,  the  same  bed  of  ironstone  ?  Bewick  thinks  not,  and  that  the  borings  have  not 
yet  reached  this  bed.  I  can.  of  course,  only  refer  to  the  borings,  driftings,  and  the  section  of  pit 
No.  1,  and  I  must  add  that  there  appears  to  me  no  doubt  whatever  on  the  subject ;  find  the  f;n't 
that,  according  to  Bewick's  plan,  Fig.  1097,  we  have  the  top  bed  on  both  sides  of  the  magnetic 
quarry,  ranging  as  accurately  as  can  be  conceived  with  this  bed  in  the  borings,  confirms  this 
supposition,  in  my  opinion.  It  is  true  that  this  bed  is  at  a  lower  level  at  the  south  or  left-hand 
drift  than  on  the  north  side,  but  this  is  clearly  the  effect  of  the  dyke  shown  in  Fig.  1087,  which 
throws  down  the  strata  in  that  direction.  With  regard  to  the  supposed  want  of  what  Bewick  calls 
the  thick  sandstone  strata  immediately  above  the  top  bed  of  ironstone,  and  shown  on  the  section, 
Fig.  1096,  to  be  100  ft.  thick,  I  have  looked  carefully  over  the  sections  given  in  Marley's  paper, 
and  I  do  not  find  in  any  one  of  them,  except  at  Eston  Nab,  the  extreme  northern  point  of 
the  district,  any  bed  of  sandstone  approaching  to  that  thickness,  and  there  the  section  given  is 

Ft.   in. 

Freestone 60    0 

Shivery  post,  patches  of  jet,  and  fire-clay      54    0 

Top  scam,  exclusive  of  shale  bands 13 

At  Rosedale  Cliffs,  between  Staiths  and  Runswick  Bay,  we  have 

Freestone 20    0 

Fire-clay      46 

Freestone  shale 55 

Blue  shale 0  10 

Top  seam,  exclusive  of  shale  bands     47 

Still  farther  south,  the  sandstone  at  Wreck  Hill  is  only  10  ft.,  with  2  ft.  6  in.  of  shale  covering 
the  top  seam ;  and  at  Grosmont,  Marley  gives  25  ft.  of  sandstone,  and  another  section  at  58  ft.  6  in., 
which  he  says  varies  in  thickness  and  quality.  At  Fryupdale,  the  thickness  of  sandstone  is  giveu 
at  55  ft.,  and  at  another  place,  namely,  Swainby,  the  following  is  the  section : — 

Ft.    In. 
Soil,  &c 30 

I  Near  the  limekiln  this  is 
100,  with  9-inch  iron- 
stone balls  in  it. 

Slaty  coal      09 

Shale     10 

Sandstone      40 

Slaty  coal      09 

6    6 
Shale     50 

Coarse  freestone 36 

Shale,  with  occasional  nodules  of  ironstone    13    0 

Top  seam 28    0 

Considering,  therefore,  that  in  the  borings  there  is  about  60  ft.  of  sandstone,  there  does  not 
appear  to  me  any  substantial  difference  between  the  shale  in  those  borings  and  in  the  other  parts 
of  the  district  to  justify  the  supposition  that  the  upper  bed  of  ironstone  is  not  the  top  seam. 
Bewick  thinks  the  bore-holes  have  not  reached  the  sandstone  he  describes.  If  so,  he  should  like 
to  ask  Bewick  what  seam  of  ironstone  that  is  in  the  district  which  has  been  bored  to  ? 

Bewick. — It  is,  in  my  opinion,  as  I  have  previously  stated,  the  ironstone  found  in  the  oolitic 
series. 

Wood. — Where  does  it  occur  in  the  other  districts  ?  Where  do  you  find  another  similar  deposit 
in  Mr.  Marley's  sections  ? 

Marley. — Dr.  Verity  gives  a  variety  of  ironstone  seams.  If  you  refer  to  my  paper,  you  will  find 
there  are  several  ironstone  seams  lying  over  the  seam,  which  we  agree  to  be  the  top  seam  of 
Cleveland.  Professor  Phillips  said  that,  with  the  exception  of  the  classification  of  names,  this 
section  was  practically  correct. 

Wood. — Do  you  think  the  ironstone  which  crops  out  all  around  the  valley  of  Rosedale  is  the 
top  seam? 

Bewick. — I  think  so ;  I  have  no  doubt  about  it. 

Wood.— If  we  are  agreed  about  the  deposit  of  ironstone  found  cropping  out  around  the  valley  of 
Rosedale,  as  shown  in  the  different  plans,  then  there  can  be  no  difficulty  in  tracing  the  sandstone 
overlying  that  bed  to  the  sandstone  first  of  all  sunk  through  at  the  pit.  Fig.  1089.  and  thence  to 
the  borings  Nos.  1,  2,  and  3;  and  these  borings  having  passed  through  the  upper  bed  of  ironstone, 
below  such  sandstone,  and  then  through  the  magnetic  bed,  there  cannot  be  the  least  doubt  of  the 
geological  position  of  these  beds.  With  reference  to  the  levels,  there  is  no  discrepancy  whatever 


. 

maps  as  my  guide  as  regards  the  levels,  and  have  no  doubt  thefare  correct      WhataW^ 
may,  therefore,  be  arrived  at  with  respect  to  the  comparison  of  the  beds  proved  in  the 
in  the  pit,  with  the  beds  at  Grosmont,  &c.,  there  ajfpears  no  £**%%*&  the 
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in  that  respect  ;  there  is  a  rise  in  beds  in  the  line  of  the  drift,  and  in  the  extension  of  that  lin, 
the  borings   and  the  direction  of  the  line  between  the  boring  seems  to  be  i 
that  part.     There  is  not,  therefore,  the  least  discrepancy  on  this  point.    1  ha\"  1 

^ 

e 

ironstone  of  the  quarry  is  a  detached  portion  of  the  thick  or  lower  bed  of  ironstone  and  that 
bed  exists  m  sttu  for  a  considerable,  and,  of  course,  at  present,  for  an  unknown'  ( 
locality  of  Kosedale. 

Bewick.—  IS  our  President  means  by  pit  Fig!  1089  the  air-shaft  sunk  on  the  main  drift.  I  «, 
agree  with  him  that  the  sandstone  found  in  that  shaft  is  the  same  as  that  which  overli,  '  t     ! 
seam  ;  but,  I  beg  to  say,  I  entirely  differ  from  him  in  supposing  it  to  be  the  Mine  •«  that  tl«!l 
have  gone  through  in  the  borings.    I  am  also  opposed  to  his  opinion  with  reference  to  the  din 
tioii  of  the  dip  and  rise  of  the  strata.    There  can  be  no  doubt,  I  think,  but  the  strata  on  the 
side  of  Rosedale,  and  to  the  south  of  the  crown—  that  is,  the  point  from  whence  the  etrmU 
contrary  directions—  are  dipping  in  a  south-westerly  direction,  as  shown  in  my  section.  Fi*  1097 
and  still  more  clearly  proved  by  the  drift  commenced  on  the  south  side  of  the  magneto  dyh 
driven  m  a  line  with  the  south  bore-hole,  running  nearly  west,  but  which  has  been  diseontimi,*! 
owing  to  the  top  seam,  in  which  the  drift  was  commenced,  dipping  so  much  in  that  <lirwti<« 
instead  of  rising,  as  our  President  supposes,  as,  at  the  distance  of  not  many  yards,  to  be  eon 
under  water-level.    With  reference  to  the  slip-dyke  or  fault  mentioned  by  that  gentleman  I  can 
only  state  that  I  have  never  yet  been  able  to  discover  any  dislocation  or  disturl»anee  of  the'rtrata. 
other  than  what  has  been  occasioned  by  the  dyke  of  magnetic  ore  in  its  immediate  vicinity.    Then, 
as  to  the  extent  of  the  magnetic  ore,  all  I  can  say  is,  I  have  paid  several  visits  to  Rosedale  solely 
for  the  purpose  of  examining  the  strata  in  that  neighbourhood,  the  many  deep  ravine*  which 
abound  there  affording  ample  opportunity  for  doing  so,  but  I  have  never  been  able  to  trace  the 
magnetic  ore  beyond  the  vicinity  of  the  quarry,  and  every  visit  only  serves  to  convince  nit-  that  it 
is  a  casual  deposit,  in  the  shape  of  a  dyke  or  vein.    A  bed,  however,  of  500  yds.  in  length,  and 
from  30  to  32  ft.  thick,  cannot  be  identified  with  a  casual  deposit  ;  nevertheless,  I  think,  vtrv  pro- 
bably .there  may  be  a  mistake  in  supposing  you  have  a  solid  mass  of  ironstone  32  ft.  thick.    This 
may  have  occurred  from  the  borers  having  cut  through  nodules  or  irregular  patches  of  ironstone, 
and  also  from  the  shale  in  which  it  is  found  being  very  hard,  and  of  the  same  colour  as  the  iron- 
stone.    From  these  circumstances  it  is  an  easy  matter  to  be  misled  by  borings. 

Wood.  —  Whatever  may  have  been  the  result  of  investigations  on  the  surface,  I  do  not  think  I 
can  add  any  further  information  to  that  already  given  and  shown  on  the  plans,  to  prove  that  a 
thick  bed  of  ironstone  of  about  32  ft.  exists  over  a  space  of  upwards  of  500  yds.  in  length,  and 
200  yds.  in  width,  with  not  the  least  indication  of  any  change  or  termination  of  Mich  doped! 
It  would,  indeed,  be  a  most  extraordinary  occurrence  in  the  annals  of  boring,  to  suppose  that 
occasional  nodules,  or  irregular  patches  of  ironstone,  should  have  produced  the  result  recorded  in 
these  borings.  The  boring,  through  the  ironstone  beds  was  performed  under  the  iinini-di»te  inspec- 
tion of  Stott,  a  well-known  experienced  borer,  who  kept  the  specimens  brought  up  the  bore-bole; 
and  I  can  add,  that  I  examined  a  great  many  of  the  specimens  myself  with  a  magnet,  and  found 
them  magnetic.  There  is  not  the  least  pretence  for  supposing  that  shale  could  l>c  mistaken  for 
ironstone.  Have  you  seen  any  nodular  magnetic  ironstone  in  the  Grosmont  district  ? 

Bewick.  —  Never.  You  must  remember  (addressing  the  President)  that  you  stated  at  the 
October  discussion  in  1857,  that  Professor  Phillips  and  yourself  had  discovered  the  magnetic  ore  in 
"  two  localities  two  miles  apart,"  namely,  at  Sheriffs  drift  and  at  the  Quarry  ;  and,  again,  in  the  July 
discussion  of  last  year,  you  stated  the  stone  in  the  drift  south  of  the  dyke  was  magnetic,  but  oo 
examining  it  I  found  this  not  to  be  the  case  as  regards  both  the  drifts.  1  believe  the  reason  wby 
there  are  so  many  conflicting  opinions  with  reference  to  the  nature  and  extent  of  the  ma.gn«Ue  on 
is  owing  to  the  difficulty  there  is  in  distinguishing  the  ore  from  the  top  bed  —  that  i*,  in  •miajs.tlijf; 
the  igneous  portions  from  the  sedimentary  ;  for,  although  they  are  both  frequently  magnetic  in  the 
immediate  vicinity  of  the  dyke,  there  is  yet  a  vast  difference  between  them.  The  igneous  portion 
is  harder,  heavier,  and  more  compact  than  the  sedimentary  ;  and  the  former  appears  to  hare  acted 
upon  the  latter  whilst  in  a  heated  condition,  much  in  the  same  way  as  a  magnet  acts  upon  a  piece 
of  common  iron,  imparting  to  it  a  portion  of  its  peculiar  magnetic  properties.  I  may  bar*  b* 
permitted  to  add,  that  whilst  I  believe  this  ore  to  have  been  subject  to  a  heat  sufficient  to  evnlv* 
the  different  gases  it  contained,  I  yet  do  not  think  the  heat  has  been  of  that  intensity  so  asm/irWy 
to  expel  them.  We  need  not,  therefore,  be  surprised  at  */-./<•<•*•  of  rarUniic  acid  N-HIK  found  in  tho 
chemical  analysis  of  this  ore.  Here  is  a  specimen  of  the  igneous  portion,  which  1  i>»k  fros» 
the  bottom  of  the  quarry,  and,  after  examining  it,  no  one  can  doubt,  1  think,  of  its  having  been 
subjected  to  heat. 

Wood.  —  There  is  no  doubt,  as  stated  by  Mr.  Bewick,  that  portions  of  tho  ton  bed  in 
are  occasionally  magnetic,  and  it  was  this  property  which  led  to  the  mixtnke,  if  their  are  i 
in  supposing  the  magnetic  bed  to  have  been  discovered  at  Sheriffs  drift,  nnd  at  the  drift 
of  the  magnetic  quarry.    The  explorations  at  that  time  hud  not  IN-CII  Miili<-icntlv  extended,  nor 
have  they  yet  been  prosecuted  to  such  an  extent  as  to  ascertain  if  the  magnetic  bed  exists  in 
those  localities.     Finding  part  of  the  ironstone  partaking  of  magnetic  influence  led  to  a  supi» 
tion  that  this  bed  did  exist  in  those  localities,  and  the  subsequent  explorations  bares** 
prosecuted  to  an  extent  to  ascertain  the  fact  either  one  way  or  the  other.    To  Btvick.—  from  «nal 
part  of  the  quarry  did  you  take  this  specimen  ? 

Bewick.—  It  is  from  the  floor  of  the  quarry.    This  (showing  another  specimen)  ii 
top  bed  which  appears  to  have  been  partially  burnt,  and  you  will  at  once  IK-  able  if 
difference  between  them.    These  (showing  other  specimens)  are  sample*  of  the  IF 
the  oolitic  rocks,  in  the  neighbourhood  of  Grosmont,  some  of  tho  nodules  of  which  a« 
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the  richest  of  the  clay  or  calcareous  ironstones.  I  omitted  to  state  that,  with  the  exception  of  the 
first  60  ft.,  where  the  ground  was  so  steep  that  I  could  not  fix  my  instrument,  and  from  which 
there  may  be  some  slight  inaccuracies,  I  took  my  levels  with  a  good  and  safe  instrument,  and  the 
operation  was  performed  in  the  ordinary  way  of  back  and  fore  sights.  I  find  the  difference 
between  my  levels  and  what  I  suppose  the  correct  position  of  the  top  bed  of  ironstone,  and  that 
shown  by  the  bore-holes,  to  be  64  ft. 

Wood. — The  question  of  the  difference  of  the  levels  rests  entirely  upon  the  assumed  inclination 
of  the  beds ;  a  difference  of  level  of  64  ft.  in  a  distance  of  400  yds.,  accords,  in  my  opinion,  with 
what  may  be  supposed  to  be  the  regular  inclination  of  the  beds. 

Bewick. — Yea;  but  in  your  section  you  connect  two  sandstones  which  have  nothing  to  do  with 
each  other,  namely,  the  sandstone  found  in  the  air-shaft  immediately  overlying  the  top  bed,  and 
the  sandstone  found  in  the  bore-hole,  between  which  there  are  several  feet  of  alternating  strata ; 
and  to  do  which  you  must  of  necessity  raise  your  level  line,  and  show  the  strata  to  be  rising  in 
that  direction ;  but  the  drift  you  have  driven  some  distance  into  the  side  of  the  hill,  and  at  the  same 
point  as  my  lino  of  levels,  shows  the  strata  to  be  dipping  in  that  direction.  I  may  mention,  too, 
that  had  another  bed  of  32  ft.  thick  really  been  met  with  in  the  bore-hole,  it  must  have  been 
found  along  the  sides  of  the  valley,  which  are  intersected  in  so  many  places  with  mountain 
streams,  all  of  which  have  been  searched  by  persons  having  a  fair  knowledge  of  the  geology 
of  the  immediate  neighbourhood,  but  without  the  least  trace  of  it  having  been  met  with. 

Wood.— I  cannot  think  that  there  is  the  least  doubt  that  the  sandstone  in  the  pit,  No.  1, 
Fig.  1089,  is  the  same  sandstone  as  that  proved  in  the  borings;  all  the  appearances  on  the 
surface,  as  well  as  the  general  rise  and  dip  of  the  strata,  prove  this.  Extending  the  line  of 
section  across  the  valley,  it  is  clear  there  is  a  general  rise  of  strata  along  the  line  of  section.  No 
doubt  the  strata  in  the  drift  dip  towards  the  west,  but  that  is  no  doubt  influenced  by  the  slip-dyke 
which  crosses  it.  I  would  observe  that,  taking  the  line  of  section  along  the  face  of  the  valley  in 
Fig.  1087,  in  the  direction  of  the  dotted  line  a  6,  and  applying  the  inclination  of  the  top  bed  of 
ironstone,  shown  Fig.  1097,  to  that  line,  and  not  to  the  curved  or  projecting  line  along  the  face 
of  the  hill,  the  position  of  the  bed  would  be  rising  from  a  towards  &,  and  it  would  require  a  slip- 
dyke,  shown  Fig.  1087,  to  throw  the  bed  into  its  proper  position  along  the  face  of  the  valley 
to  the  west  of  the  magnetic  quarry.  On  examining  Fig.  1087  it  will  be  seen  that  the  magnetic 
quarry  and  the  top  bed  of  ironstone,  as  shown  in  Fig.  1097,  project  considerably  to  the  east  of  the 
general  line  of  the  side  of  the  valley,  which,  being  towards  the  dip  of  the  strata,  shows  the  top 
bed  at  a  lower  level  than  if  the  section  had  been  continued  in  a  more  direct  line,  or  in  the  direc- 
tion a  b.  Whatever  conclusion,  therefore,  may  be  arrived  at  after  all  the  explanations  given,  we 
have  the  fact  of  an  almost  horizontal  bed  of  ironstone,  and  of  nearly  a  uniform  thickness,  distinct 
in  character  from  the  ordinary  beds  of  the  district,  extending  over  a  length  of  568  yds.  and  a 
width  of  200  yds.,  which  clearly  proves  that  it  is  not  a  vein.  How  much  greater  distance  it 
extends,  must  be  left  to  future  explorations  to  prove  ;  but  it  would  certainly  be  an  extraordinary 
anomaly  in  geology  for  such  a  thickness  of  strata  to  disappear  altogether  in  a  short  distance.  If 
it  extends  across  the  valley,  as  shown  in  Bewick's  plan,  Fig.  1096,  then  there  is  no  reason  to  sup- 
jwse  that  it  may  not  extend  to  the  same  distance  to  the  north ;  and  if,  according  to  Bewick,  the 
Ixirings  have  not  yet  reached  to  the  top  bed  of  ironstone,  then  the  deposit  of  ironstone,  in  the  valley 
of  Rosedale,  is  richer  in  ore  than  either  Professor  Phillips  or  myself  has  set  forth.  The  correct 
extent  must,  however,  be  left  to  future  explorers  to  discover.  Enough  has  been  proved  to  show  a 
most  extraordinary  deposit  of  a  very  peculiar  and  rich  ironstone,  and  well  worth  further  investi- 
gation. 

Bewick. — There  is  a  section  of  the  cross  drift,  shown  in  Fig.  1089,  driven  at  right  angles  from 
the  main  drift  to  prove  the  breadth  of  the  dyke,  and  which,  at  the  distance  of  16  yds.,  cuts  the 
shale,  and  apparently  touches  the  top  seam  at  the  same  time.  At  the  distance  of  6  yds.  the  stone 
in  this  drift  ceases  to  be  magnetic.  It  is,  therefore,  incomprehensible  to  me  how  it  can  again 
become  so  at  the  distance  of  200  yds.  from  this  point.  Of  course,  you  have  a  right  to  infer  from 
the  information  that  reached  you  that  such  is  the  case.  Still  I  would  stronglyTecommend  that 
the  borings  should  be  continued  to  prove  whether  the  sandstone  be  below  you  or  not,  to  ascertain 
which  could  not  fail  to  give  great  satisfaction  to  all  concerned ;  the  cost  would  not  be  great,  as  the 
bottom  of  your  borings  must  be  near  the  top  of  that  rock. 

Wood. — The  cross  drift  was  not  sufficiently  extended  to  the  west  to  prove  the  dyke,  but,  as 
there  was  a  considerable  rise  of  the  strata  in  that  direction,  no  doubt  such  an  inclination  has  been 
occasioned  by  the  proximity  of  the  dyke,  shown  on  the  plans,  Figs.  1087,  1088.  All  the  facts  show 
that  the  slip-dyke  has  been  a  dislocation  subsequent  to  the  formation  and  consolidation  of  the  various 
beds  affected  by  it ;  and  consequently  such  dyke  could  not,  we  can  scarcely  conceive,  have  any 
influence  on  the  character  of  the  ironstone  bed  itself,  especially  as  it  is  not  contended,  I  believe, 
that  such  dykes  are  either  of  a  basaltic  or  mineral  character,  there  being  no  appearance,  in  my 
judgment,  to  justify  such  a  conclusion. 

Tubing  Bore-holes. — P.  S.  Reid  having  been  consulted  as  to  the  chance  of  finding  coal  in  the 
Cleveland  district,  at  Kirklevington,  near  Yarm,  was  afterwards  requested  to  superintend  a  boring 
then  pursued  to  the  depth  of  582}  ft.,  but  which,  owing  to  circumstances  which  were  difficult  to 
determine,  had  become  very  expensive,  and  made  slow  progress. 

The  582 f  ft.  had  been  done  entirely  by  manual  labour;  but  Reid  recommended  the  erection 
of  a  horse-gin,  in  which  the  power  was  applied  to  a  40-in.  drum  placed  upon  a  vertical  axle,  the 
arms  of  which  admitted  of  applying  two  horses,  and  men  at  pleasure,  the  power  gained  being  in 
the  proportion  of  one  to  ten  at  the  starting-point  for  the  horses. 

Upon  the  upright  drum  a  double-ended  chain  was  attached,  which  worked  over  sheer-legs 
erected  immediately  over  the  hole,  so  as  to  attain  an  offtake  for  the  rods  of  10  fathoms,  and  so  as 
that,  in  the  act  of  raising  or  lowering,  there  might  always  be  one  end  of  the  chain  in  the  bottom, 
ready  to  be  attached,  and  expedite  the  work  as  much  as  possible. 
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These  arrangements  being  made,  it  was  soon  found  that  there  was  a  defect  in  the  tubing  which 
was  inserted  to  the  depth  of  109  ft.,  and  the  defect  was  BO  serious,  iu  permitting  the  sand  t-.  d 
and  be  again  brought  up  with  the  boring-tools,  as  to  render  it  very  diflicult  I,  t,  11  in  what  »trmi 
they  really  were ;  this  increased  to  such  an  extent  as  to  cause  the  silting  up  of  the  hole  in  a  sinel 
night  to  the  extent  of  30  fathoms,  and  occupied  nearly  a  fortnight  iu  clearing  the  hole  out  aeair 

On  carefully  examining  into  this  defect,  it  appeared  that  the  water  rose  in  the  hole  to  thedenth 
of  A,  Fig.  1098,  74  ft.  from  the  surface;  and  that  at  this  point  it  was  about  level  with  the  hi 
water  mark  on  the  Tees,  about  two  miles  distant,  which  it  was  no  doubt  connected  with,  by  »~^nf 
of  permeable  gravel  beds,  extending  from  the  arenaceous  strata  at  B,  Fig 

On  commencing  to  bore,  the  motion  of  the  rods  in  the  hole  caused  the  vibration  of  the  water 
between  A  and  C  at  the  bottom  of  the  tubing,  and  so  disturbed  the  quiescent  ~n<\  as  to  cau»c  it 
to  run  down  through  the  faults  in  the  lower  end  of  the  tubing  at  the  latter  point. 

This  tubing  was  made  of  galvanized  iron  plates,  riveted  together  and  soldered  BO  M  to  attempt 
to  make  it  a  water-tight  casing ;  at  the  top  of  the  hole  it  was  in  three  concentric  circle*,  which  had 
been  screwed  and  forced  down  successively  until  an  obstacle  was  met  with  at  each  different  place 
shown  by  the  letters  D,  E,  C.  So  soon  as  the  outer  circle  reached  the  depth  of  D,  all  hope  appear* 
to  have  vanished,  from  those  who  bored  the  earlier  part  of  the  work,  of  getting  the  tube  farther  ; 
a  second  tube  was,  therefore,  inserted,  which  seems  to  have  advanced  aa  far  as  the  point  inarkoi 
E,  where  it,  in  its  turn,  was  abandoned ;  and  a  third  one  advanced  until  it  rested  in  the  strata  at 
C,  which  is,  no  doubt,  the  lower  part  of  the  lias  freestone  of  a  blue  nature,  aa  found  on  the  rock* 
at  Seaton  Carew,  and  in  the  bed  of  the  Leven,  near  Button  Rudby.  The  diameter  of  the  first 
tubing  was  3|  in.  external  and  3£  in.  internal;  the  second  tube  was  3J  in.  external  and  3  in. 
internal  diameter ;  and  the  third  tube  was  2J  in.  external  and  2J  in.  internal  diameter. 

Such  being  the  account  gathered  from  the  workmen  who  superintended  the  earlier  part  of  tb« 
boring,  it  became  necessary  to  decide  upon  the  best  course  to  remedy  the  evil.  At  first  su:l.t  it 
would  have  appeared  easy  enough'  to  have  caught  the  lower  end  of  the  tubes  by  mean*  of  a  flab- 
head  properly  contrived,  and  thus  to  have  lifted  them  out  of  the  hole,  and  replaced  them  with  a 
perfect  tube,  such  as  a  gas-tube,  with  faucet  screw-joints;  but,  on  attempting  this,  it  won  became 
evident  that,  however  perfect  the  description  of  tubing  which  might  have  been  adopted,  it  would 
be  a  work  of  the  greatest  difficulty  to  extract  when  once  it  was  regularly  filed  and  jammed  into 
its  place  by  the  tenacious  clayey  strata  surrounding  it ;  and  that  the  difficulty  of  extracting,  in  the 
present  case,  was  even  enhanced  by  the  inferior  quality  and  make  of  the  tubing :  in  abort,  that,  unlraa 
by  crumpling  it  up  in  such  a  manner  as  to  destroy  the  hole,  it  was  impossible  to  extract  thu  tubing 
by  main  force. 

There  was,  therefore,  no  other  choice  left,  but  to  attempt  cutting  it  out,  inch  by  inch ;  though 
before  doing  so,  I  may  add,  says  Reid,  that  we  did  attempt  main  force,  to  the  extent  of  upward*  of 
30  tons,  applied  to  the  bottom  of  the  tubing,  in  which  the  only  success  we  attained  was,  the  losing  of 
several  pieces  of  steel  down  the  hole,  which  we  were  compelled  to  fish  up  with  a  powerful  magnet. 

After  much  mature  consideration  and  contrivance,  it  was  determined  to  order  such  a  perfect 
tubing  as  would  at  the  same  time  present  as  little  obstacle  as  possible  to  the  clay  to  be  psssgti 
through  on  the  outside,  as  well  as  surround  the  largest  of  the  three  tubes  then  in  the  hole,  aad 
present  no  obstacle  to  their  being  withdrawn  through  its  interior. 

These  tubes  were  made  12  ft.  in  length,  flush  outside  and  in,  the  lower  portion  being  steeled 
for  6  in.  from  the  bottom  end,  so  as  to  cut  its  way  and  follow  down  the  space,  and  cover  that 
exposed  by  the  old  tubes  when  cut  and  drawn,  as  shown  in  Fig.  1099. 

In  order  to  commence  operations,  and  avoid  too  much  clay  going  down  to  the  bottom  of  the 
hole,  a  straw-plug  was  firmly  fixed  in  the  lias  portion  of  the  hole  at  F,  Fig.  1098.    The  lower 
portion  of  the  new  tubes  was  then  screwed  on  to  the  top  of  the  old  ones  by  means  of  powerful 
clamps,  attached  to  the  exterior  in  such  a  manner  as  to  avoid  injuring  the  surface ;  and  so  arwn  as 
it  was  evident  that  they  could  be  screwed  no  farther,  the  knife  or  cutter,  Vim.  109U  t"  11 
was  introduced  inside  the  old  tubing.    Some  force,  it  will  be  evident,  VMMMM  to  p  t  tl.m  I 
down  into  the  tubing,  but  the  spring  a  giving  so  as  to  accommodate  itself  to  the  It- 
its  descent  to  the  distance  required ;  this  being  effected,  it  was  turned  round  so  that  the  steel  eat 
shown  at  6,  being  forced  against  the  sides  of  the  tube,  cut  it  through  in  the  coarse  of  ten  minute* 
or  a  quarter  of  an  hour's  turning.    See  section  at  6,  c,  Fig.  1101. 

The  old  tubes  being  three-ply,  three  of  these  knives  or  cutters  were  required  t 
three  tubes,  the  inner  one  being  detached  first,  and  then  the  two  exterior  ones ;  and  ao  • 
latter  were  cut  out  as  far  as  they  had  been  forced  into  the  clay,  the  work  l***n»e       Jrr 
following  down  the  interior  tubing  by  the  new  tubes,  as  shown  by  the  dotted  I 
until  we  arrived  at  the  lower  end,  where  it  was  evident  that  the  old  inner  ti 
damaged  or  torn,  either  by  the  putting  in  or  hammering  it  down,  as  to  leare  a  Ten' 
the  sand  to  descend,  and  thus  spoil  the  whole  of  the  work  f..r  all  future  sua 
Bay  nothing  of  the  very  great  cost  of  lifting  the  sand  out,  and  subsequent  mo«l 
put  the  hole  right. 

We  (says  Reid)  finally  recommenced  the  boring  after  about  a  month  a  lnl*Mir  ir 
old  tubings,  leaving  the  new  ones  firmly  bedded  into  the  lia»  format." 
from  the  surface,  and  subsequently  bored  to  a  depth  of  710  ft.  in  the  new  re 
proceeding  at  the  rate  of  about  3  ft.  in  the  12  hours,  and  leaving  the  hole  j 
be  widened  out  to  4  in.  diameter;  and,  possibly,  should  more  aand  be  n 
magnesian  limestone,  or  sands  connected  with  it,  it  may  again  be  rctubc. 
tinued  to  such  depth  as  may  be  desirable.  .  _,     .     .  .  w  R  , 

Reid  observed,  in  his  paper  published  in  the  'Transactions  of  the  North  of 
"To  the  care  of  G.  B.  Lloyd  in  the  manufacture  I  attribute  a  good  deal  o 
these  tubes.    At  the  same  time,  the  experience  BO  paim-l  in  their  ronstni 
if  adopted  in  many  places  where  air-holes  are  required  in  mines,  ai 
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cost  of  sinking  a  pit  on  a  large  scale  by 
manual  labour,  good  well-made  tubes  of  this 
description  might,  even  up  to  18  in.  diameter, 
answer  as  a  convenient  tubing  for  air-shaft 
sides;  and  the  interior  could  be  extracted 
by  boring-tools,  similarly  to  those  adopted  in 
I//V.V.-M;»  veils  and  mines  on  the  Continent, 
by  Kind  and  De'gouse'e. 

"  I  am  further  convinced,"  remarks  Reid, 
"  that  in  the  artesian  wells,  especially  in 
jjj!  passing  through  objectionable  springs,  tb.e 
1  ulics  would  answer  admirably,  and  thnt  they 
could,  by  powerful  clamps,  be  readily  forced 
down,  so  as  to  secure  a  large  volume  of  water 
from  the  lower  strata,  and  effectually  prevent 
the  injurious  mixture  of  inferior  supplies. 


"  Fig.  1098  shows  the  geological  position 

of  the  upper  portion  of  the  bore-hole,  and  the 

,  depth  to  which  the  imperfect  tubing  was  in- 

.<  serted ;  it  also  shows  the  tidal  range,  which 

we  were  ultimately  able  to  take  advantage 

of,  by  sinking  so  as  to  get  4  fathoms  more 

offtake,  and  expedite  the  work;  the  water 
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still  rising  only  to  A,  and  flowing  always  from  tliat  point  when  passed  down  the  hole.   ft.  infiu 
shows  the  action  of  the  knife  and  spring-cutter,  when  forced  down  int..  the  tubin*  K*dr  < 
commence  cutting.     It  also  shows  the  lower  end  of  the  new  tubing  enclosing  the  othenat  tb! 
commencement  of  the  work;  the  junction  of  the  tubes,  by  means  of  the  half-lap  screw  befa 
at;.    Fig.  1100  shows  a  front  view,  with  knife  or  cutter  6.    Fig.  1101  show,  the  Mttoi 
spring  and  cutter  when  the  requisite  length  is  cut  through  and  ready  for  lifting  •  the  positional 
the  tube  being  maintained  perpendicular,  or  nearly  so,  by  the  ball  or  thiekening  on  the  rod.  at  K. 
and  the  lower  end  of  the  tube  being  supported  by  the  projecting  .-t,-«-l  <-utt.-r  at  6  the  dotted 
lines  from  d  to  e  showing  the  position  of  the  new  steel-ended  tuU-  when  M-r. wod  down  ready  for 
another  operation.    In  boring  deeper  after  the  tubes  were  removed,  three  wi.nl,  u  blocks  wen  wed 
round  the  rods  in  the  new  tube  to  keep  them  plumb. 

"  In  examining  the  nature  of  the  strata  thus  passed  through,  as  de-scrUml,  it  will  be  evident  that. 
to  ensure  success,  the  tubing,  of  whatever  it  is  made,  should  In-  as  truly  erUodrtal  aa  poMible! 
straight,  and  flush  surface,  both  outside  and  in.  It  will  also  be  evident  tliat* in  thu*  joiningptoes* 
of  tubing  together  in  this  manner,  the  thickness  ought  to  have  a  clue  prnitnrtion  to  the  work 
required,  and  the  force  likely  to  be  used  in  screwing  them  down;  and  ul.~.  tlmt  the  only  eornet 
way  of  getting  such  tubes  effectively  into  the  ground  is  by  screwing  and  not  hammering,  u  in  the 
case  of  pile-driving,  or  similarly  to  forcing  a  nail  in.  "The  author  has  seen  this  i.v 
several  occasions,  but  invariably  with  failure  to  the  success  of  the  work,  and  u  convinced  that  no 
successful  practical  borer  will  adopt  such  measures. 

"In  some  cases  we  had  to  widen  out  holes  below  the  sharp  edge  of  tubinir.  HO  as  to  permit  iu 
descent.  This  is  an  operation  requiring  great  care  and  attention."  I1  B  .  r-mrludinj;. 

observed,  "That  no  branch  of  mine-engineering  is  qualified  to  bring  out  more  tli«T"ti. 
abilities  of  a  young  engineer  than  a  perfect  knowledge  of  the  science  of  hiring,  requiring,  a>  it 
does,  the  best  mechanical  skill,  as  well  as  the  best  knowledge  of  assaying  r<^ki*  ay  <  l,.  nn-nl 
analysis.  He  is  aware  of  more  than  one  deep  boring  in  important  district*,  which  were  flnishfd 
many  years  ago,  and  cost  large  sums  of  money,  but  which,  in  the  then  knowledge  of  chemistry, 
were  not  critically  examined,  and  hence,  so  far  as  their  results  are  concerned,  are  utterly  useless ; 
the  fact  being  that,  beyond  the  colour  of  the  material  bored  through,  it  is  unknown  whether  U 
was  a  limestone,  or  what  it  was,  to  this  day." 

Hock-boring  Machinery. — In  driving  a  tunnel  or  quarrying  in  hard  rock,  tho  only  method 
whereby  the  rock  can  be  worked  is  by  blasting ;  and  the  Rock-boring  Machine,  which  we  will 
presently  describe,  was  constructed  by  George  Low  for  the  purpose  of  boring  the  blasting  boles, 
with  a  view  to  facilitate  and  expedite  the  work  by  superseding  the  very  alow  and  laborious  mod* 
of  performing  this  operation  by  hand.  The  machine  is  driven  by  comprcxsed  air,  and  works  ft 
boring  tool  or  jumper  for  boring  the  holes ;  and  the  boring-tool  works  in  a  direct  line,  with  a  »Hf- 
acting  reciprocating  motion  at  a  very  high  velocity,  and  is  continuously  turned  round  daring  its 
working,  being  made  to  rotate  slightly  between  each  blow. 

The  boring-tool  is  fixed  direct  upon  the  end  of  the  piston-rod  of  a  working  cylinder :  and  thi« 
working  cylinder  moves  within  another  exterior  cylinder,  in  which  it  is  made  to  rotate 
purpose  of  giving  the  rotating  motion  to  the  tool.  The  working  cylinder  has  also  a  longitudinal 
forward  motion  within  the  exterior  cylinder  for  giving  the  advancing  feed  to  the  tool,  the  working 
cylinder  being  propelled  forwards  by  the  compressed  air  that  works  the  tool,  thereby  dispensing 
with  the  necessity  for  employing  propelling  gear,  which  is  liable  to  break  or  get  out  of  order,  and 
is  subject  to  rapid  wear.  The  exterior  cylinder  is  carried  by  a  spherical  trunnion  in  a  movable 
radial  arm  or  jib  mounted  on  a  travelling  carriage,  which  gives  the  means  of  adjusting  the  boring* 
tool  to  any  desired  direction  and  position,  so  that  the  holes  may  be  bored  in  the  most  »ult»Mo 
directions,  according  to  the  strata  of  the  rock,  for  the  blasting  to  take  the  best  effect  in  breaking 
up  the  rock. 

This  rock-boring  machine,  which  is  the  invention  of  G.  Low,  is  shown  in  Figs.  1 
Figs.  1102  to  1106  are  sectional  plans  and  longitudinal  sections,  showing  tho  U 
working  cylinder  in  different  positions  during  the  working  of  tho  machine  ;  and  Fig*.  1  lu?  to  1 
are  transverse  sections  at  successive  points. 

The  machine  is  only  4  ft.  6  in.  total  length,  being  made  as  short  aa  possible  in  01 
may  be  moved  in  any  direction  in  the  tunnel,  so  as  to  enable  it  to  IK-  M  t  to  !«•  re  at  any  ang 
in  any  position  and  direction  that  may  be  desired.    Tho  working  cylinder  A,  Fig.  ] 
of  brass,  is  placed  inside  an  exterior  cylinder  B  of  cast  iron,  which  in  fltt 
trunnion  C  to  support  it  in  the  radial  jib  or  arm  of  tho  travelling  carriage,  as  shown  in  Figs.  1 
1123.     The  inner  cylinder  A  is  free  to  move  longitudinally  within  the  exterior  cylin.l-  r  f 
end  as  it  advances  during  the  process  of  boring,  as  shown  in  Fip*.  1 104  and  1 
Jo  rotate  within  the  outer  cylinder,  for  giving  the  rotating  motion  to  the  boring  U 
end  of  the  working  cylinder  A  is  packed  with  a  cupped  leather,  shown  black  m  Fig.  1 
be  air-tight  when  moving  within  tho  exterior  cylinder  B.    The  front  end  of 
A  fits  into  a  wrought-iron  cross-head  E,  in  which  it  is  free  to  revolve ;  this  or 
on  each  side  to  slide  upon  the  two  screwed  guide-bare  F,  which  arc  bolt 
cylinder  B,  Figs.  1106,  1110,  and  1111,  and  are  carried  forwards  to  the  end  I 
machine.     The  guide-bars  F  have  a  double  thread  of  IJ-in.  pitch  chaw-l  n|"'n 
end,  but  the  thread  is  planed  off  on  the  inner  side  of  each  screw  down  to  tho  I 
bar,  for  the  purpose  of  obtaining  greater  compactness  in  the  construction  of  the  l 
in  the  transverse  sections,  Figs.  1110  to  1112. 

At  the  back  end  of  the  working  cylinder  A  is  tho  nir-vnlvfi  N,  Fig*.  1 
circular  disc  valve  with  six  inlet-ports  and  six  exhaust-ports,  as  ircn  in  Figs, 
valve  is  turned  by  a  double  spiral  cam  O,  which  is  carried  forward*  in 
piston-rod  K,  and  is  acted  upon  by  the  four  rollers  P  P,  Figs.  11  Of,.  1 100,  ' 
the  spiral  wings  of  the  cam.    The  spiral  wings  are  so  sloped  that 
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and  forwards  the  cam  is  gently  turned  or  twisted,  carrying  with  it  the  air-valve  N  fixed  upon  the 
epindle  of  the  cam.  The  slopes  of  the  cam  are  so  arranged  that  the  valve  N  opena  the  inlft-port* 
for  admitting  the  compressed  air  to  act  upon  the  large  area  of  the  piston,  in  order  to  m«ko  !h« 
forward  stroke  of  the  tool ;  and  the  valve  is  then  turned  so  as  to  allow  the  air  to  exhaust  again 
after  the  piston  has  struck  the  blow.  The  return  stroke  of  the  piston  is  produced  by  a  romUnt 
pressure  of  the  compressed  air  upon  the  small  annular  area  of  the  front  of  the  picton,  the  IICMMIH 
for  this  purpose  being  maintained  through  the  two  ports  shown  in  Figa.  1106  to  1110,  winch  tro 
always  open.  The  exhaust  air  is  discharged  at  the  front  end  of  the  exterior  cylinder  B,  being 
carried  along  grooves  in  the  circumference  of  the  working  cylinder  A,  an  seen  in  the  plan.  Fig.  11  u*. 
and  the  transverse  sections,  Figs.  1107  to  1110. 

The  boring-tool  is  caused  to  rotate  by  rotating  the  working  cylinder  A,  the  piaton 


prevented  from  turning  in  the  cylinder  by  means  of  two  flata  planed  on  opposite  tide*  of  tbe  pMoo- 
rod  K,  which  fit  into  corresponding  flats  in  the  stuffing-box  of  the  cylinder,  aa  Men  in  fig*.  1106, 
1110,  and  1115.    The  rotating  of  the  working  cylinder  A,  with  the  piaton  aad  boring-tool,  U 
effected  by  hand  by  the  worm  Q,  Fig.  1110,  which  is  turned  by  the  handle  B,  Fig*.  1110.  Mil. 
and  gears  into  a  worm-wheel  fixed  on  the  square  shaft  8.    The  braaa  pinion  T,  Fig*.  1 1". 
and  1111,  slides  upon  the  shaft  S,  and  gears  into  the  teeth  U  round  tin-  circaannDM  of  tb« 
working  cylinder  A,  Figs.  1104,  1111;  so  that  by  turning  the  handle  R  tho  working  cylinder  to 
caused  to  rotate;  and  as  the  cylinder  advances  at  each  turn  of  tho  nut«  H.  tin-  pinion  T  alidw 
forwards  with  it  along  the  square  shaft  8,  as  seen  in  Fig.  1105.    In  an  earlier  eoaatrortian  of  tn« 
boring  machine,  having  a  pair  of  cylindrical  trunnions  instead  of  the  present  nherietl  bearing  C. 
a  self-acting  rotating  motion  was  obtained  from  the  spiral  cam  O  that  work*  the  diac  air-vain  N, 
by  prolonging  the  spindle  of  the  cam  through  the  back  end  of  the  extort- T  cylinder  B;  and  » 
couple  of  pawls  on  the  end  of  the  spindle  worked  into  a  ratchet-whet-l  on  the  and  of  the  aqu»ra 
shaft  S,  which  was  also  prolonged  backwards  for  the  pur}>oae  in  the  absence  of  the  •pberiml  bmrini 
C.    In  practice,  however,  it  has  been  found  preferable  to  rotate  the  working  cylinder  by  band,  by 
means  of  the  handle  B,  as  above  described,  because  the  very  rapid  ndfMMMMB  *M  »«• 
upon  the  self-acting  rotating  motion,  making  it  liable  todi-ranp  mcnt :  nm!  tin-  hand  armngrii 
besides  having  the   advantage  of  simplicity,  avoids  tho   neceaaity  of  prolongini 
backwards,  and  thus  allows  of  adopting  the  sphrricnl  trunnion  C.  which  gitw  inercMod  facility 
for  turning  the  machine  into  any  position  dcnircd  for  boring  the  holes. 

The  cross-head  E  slides  forwards  along  the  two  screwed  ban  F  aa  tbe  workii 
advanced  inside  the  exterior  cylinder  B  during  the  proceaa  of  boring  ;  and  in  front  o 
head  the  nuts  H  are  fitted  on  the  screwed  bars  F,  againa*  which  the  crow-bead  • 
working  cylinder  are  pressed  by  the  pressure  of  the  compressed  air  behind  the  working  ejlu 
The  nuts  H  are  held  from  turning,  and   thereby  BNVntod  from  ^oing  forwanb,  bl 
jecting  stops  upon  their  circumference,  Fig.  1112,  which  nro  cniipht  by  the  <*****•] 
catches  are  kept  pressed  up  by  springe  again**  the  under-side  of  the  uuta ;  and  1 
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catches  is  placed  a  tappet  J,  so  curved  that  it  mny  be  struck  by  the  end  of  the  piston-rod  when  the 
latter  has  reached  the  outer  extremity  of  its  stroke,  as  shown  in  Fig.  1 105. 

The  mode  of  action  of  this  advance  motion  is  as  follows : — The  compressed  air  is  admitted  by 
the  flexible  pipe  L  into  the  exterior  cylinder  B  behind  the  back  end  of  the  working  cylinder  A, 
which  is  thus  kept  pressed  outwards  against  the  cross-head  E,  while  the  cross-head  is  kept  in  its 
place  and  prevented  from  going  forwards  by  the  nuts  H,  and  these  are  prevented  from  turning  by 
the  catches  1.  But  when  the  boring-tool  D  has  advanced  J  in.,  the  distance  due  to  one  quarter 
turn  of  the  nuts  H,  the  outer  end  of  the  piston-rod  K,  which  is  allowed  a  range  of  J  in.  variation 
in  the  length  of  its  stroke,  strikes  against  the  tappet  J,  as  shown  in  Fig.  1105,  and  depresses  it 
sufficiently  to  make  the  catches  1  release  the  projections  on  the  nuts  H  ;  the  forward  pressure  of 
the  working  cylinder  and  cross-head  against  the  nuts  then  causes  them  to  slip  past  the  catches 
and  advance  one  quarter  turn,  thereby  moving  forwards  J  in.  upon  the  screwed  bars  F,  when  the 
next  projections  on  the  circumference  of  the  nuts  are  caught  by  the  catches  I.  This  process  is 
repeated  for  every  J  in.  bored  by  the  tool,  until  the  nuts  reach  the  front  end  of  the  screwed 
bars  F. 

By  this  arrangement  the  boring-tool  is  allowed  to  advance  at  whatever  rate  it  may  be  cutting 
in  the  rock.  When  the  rock  is  comparatively  easy  to  bore  and  the  tool  is  cutting  rapidly,  the 
projections  on  the  nuts  slip  past  the  catches  from  one  to  another  rapidly,  and  consequently  allow 
each  successive  f -in.  advance  to  occur  more  quickly  ;  whilst  when  the  rock  is  harder  and  the  tool 
is  cutting  slowly,  there  is  so  much  longer  an  interval  between  each  release  of  the  catches,  and  the 
advance  of  the  nuts  is  less  frequent,  thus  admitting  of  a  greater  number  of  strokes  being  made  by 
the  boring-tool  for  each  f-in.  length  of  hole  bored. 

For  winding  back  the  working  cylinder  A  by  hand,  when  required  for  the  purpose  of  changing 
the  boring-tool,  the  two  worms  M  M,  Fig.  1112,  turned  by  a  hand-wheel,  are  geared  into  the  nuts 
H,  as  shown  in  Figs.  1102  to  1106.  The  friction,  of  the  worms  also  acts  as  a  break  to  prevent 
the  nuts  from  turning  too  suddenly,  as  it  causes  them  to  move  gently  when  the  projections  on  the 
nuts  are  released  by  the  catches  I  at  each  ^-in.  advance  of  the  boring-tool. 

As  the  working  cylinder  A  and  cross-head  E  only  press  loosely  forwards  against  the  nuts  H, 
neither  the  nuts  nor  the  screwed  bars  F  receive  the  slightest  portion  of  the  concussion  from  the 
blows  of  the  tool ;  but  the  shock  of  each  blow  is  conveyed  direct  to  the  air-cushion  behind 
the  working  cylinder  A,  in  the  back  end  of  the  exterior  cylinder  B.  This  effectually  prevents 
crystallization  of  the  portions  that  are  exposed  to  the  direct  concussion  of  the  blow,  and  prevents 
any  loosening  of  the  several  parts  of  the  machine ;  it  also  relieves  the  carriage-frame  from  the  full 
shock  of  the  blow,  and  steadies  the  boring  cylinder. 

At  the  outer  end  of  the  two  guide-bars  F  are  two  screwed  caps  V  V  with  steel  points, 
Figs.  1102,  llOi,  for  the  purpose  of  steadying  the  end  of  the  machine  against  the  rock.  The 
outer  end  of  the  boring-tool  D  is  steadied  in  the  front  bearing  G,  across  the  end  of  the  two  guide- 
bars  F,  in  order  to  compel  the  tool  to  bore  straight  when  it  meets  with  extra  hard  rock  or  quartz 
veins  inclined  to  the  direction  of  the  hole ;  and  by  turning  the  handle  W,  the  top  bearing  or  step 
can  be  readily  lifted  out  when  the  boring-tool  requires  taking  out  for  changing.  During  the 
working  of  the  tool  a  jet  of  water  is  kept  constantly  playing  into  the  hole ;  and  this,  aided  by 
the  reciprocation  of  the  tool,  effectually  clears  out  all  the  loose  material  as  fast  as  it  is  detached 
by  the  tool,  without  ever  requiring  the  tool  to  be  withdrawn,  as  in  hand-labour,  for  the  purpose  of 
clearing  out  the  hole.  In  one  of  these  boring  machines,  worked  in  the  Roundwood  Tunnel  of  the 
Dublin  Corporation  Water- works,  the  water  was  obtained  from  the  top  of  the  tunnel  shaft,  being  a 
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portion  of  that  raised  by  the  pumping  engine  which  drained  the  tunnel,  and  the  jet  was  thrown 
into  the  bore-hole  under  a  pressure  of  about  80  Iba.  per  sq.  in. 

The  mode  of  fixing  the  boring-tool  D  in  the  piston-rod  K  ia  shown  in  Fig».  1113  to  1115.  The 
fixing  of  the  tool  is  a  very  important  point  in  the  working  of  the  machine,  in  order  to  enrara  a 
thoroughly  secure  fixing  and  at  the  same  time  the  means  of  readily  and  quickly  *>t"tf1»g  UM 
tool.  The  tool  D  is  dropped  into  a  socket  in  the  end  of  the  piston-rod  K,  and  the  p*r»IH  cotter  X 
being  then  passed  through  is  fixed  by  the  screwed  gland  Y,  which  presses  the  tool  hrnt  to  UM 
bottom  of  the  socket,  and  secures  the  cotter  endways  by  entering  into  the  two  notches  in  UM  boot 
edge.  The  gland  Y  is  prevented  from  turning  back  by  a  ratchet  and  spring  Z  ;  and  tor  mlfMJnf 
the  tool  the  spring  is  held  back  by  a  stud  while  the  gland  is  unscrewed. 

Several  different  forms  of  boring-tools  have  been  tried  with  the  machine,  but  the  itwulU  of 
experience  have  led  to  the  adoption  of  the  two  forms  only  that  are  shown  hi  Fig*.  1113  to  1119. 
The  rose-tool,  Figs.  1113,  1117,  having  two  chisel-edges  at  right  angles  to  one  another,  is  (bond 
the  best  form  for  commencing  the  hole  and  boring  the  first  9  or  10  in.  length.  The  shape  of  this 
tool,  in  conjunction  with  the  continuous  rotary  motion  given  to  it  between  each  stroke,  prevents 


it  from  being  led  away  sideways  when  it  meets 
with  a  vein  of  quartz  harder  than  the  rest  of 
the  rock  and  lying  much  inclined  to  the  direc- 
tion of  the  hole.  The  second  tool,  Figs.  1110. 
1118,  used  for  completing  the  hole,  is  a  chisel 
formed  with  the  cutting-edge  in  three  bevels  a 
little  inclined  to  one  another  in  both  directions. 
The  chisel  shown  in  Figs.  1114,  1119,  was  found 
the  best  for  boring  straight,  but  it  could  not  be 
made  to  stand  well,  and  was  consequently  aban- 
doned. A  hollow  tool  has  also  been  tried,  into 
Which  was  inserted  a  water-jet ;  and  the  exhaust 
air  from  the  cylinder  was  also  turned  into  it, 
which  blew  the" water  out  from  the  point  of  the 
tool  into  the  hole  with  considerable  force.  This 
was  found  a  most  excellent  plan  for  keeping-  the 
hole  clean ;  but  in  consequence  of  its  complica- 
tion and  the  liability  of  the  jet-orifice  to  become 
choked  up  with  deposit  from  the  water  em- 
ployed, it  was  abandoned,  and  the  separate 
water-jet  already  described  was  substituted. 

The  frame  and  carriage  for  this  boring  ma- 
chine are  shown  in  Figs.  1120,  1121.  The  tra- 
versing carriage  A  is  made  very  low,  in  order  ^  ^ 

to  allow  of  readily  removing  the  debris  from  irns?M«ndfjBC 

blasting;  and  upon  it  is  mounted  the  upright  pillar  B.o»peb] 
and  having  means  for  clamping  it  securely  MW.TM  th.-  t»p  and 
working  cylinder  C  with  the  boring-tool  D  is  carried  by  the  taw 
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extremity  of  the  horizontal  jib  F  projecting  from  the  centre  pillar  B.  The  arm  G  carrying  the  boring 
cylinder  C  can  be  traversed  into  any  position  in  the  frame  E  by  means  of  a  screw-motion  worked 
by  the  hand-wheel  II  ;  while  the  frame  E  can  itself  be  turned  round  upon  the  axis  of  the  horizontal 
jib  F  by  the  hand-wheel  I  working  the  worm-wheel  J,  and  the  jib  F  can  1><  lengthened  or  shortened 
by  the  hand-wheel  K.  By  this  means  the  boring  cylinder  C  can  be  adjusted  to  nny  part  of  the 
face  of  the  tunnel ;  and  the  spherical  trunnion  by  which  the  boring  cylinder  is  carried  in  the  arm 
G  allows  of  its  being  placed  to  bore  in  any  position  and  direction.  These  several  adjusting  move- 
ments enable  the  tool  to  bore  the  holes  in  the  exact  line  the  miners  may  wish  to  place  the  shot, 
as  the  boring  cylinder  can  work  either  upwards,  downwards,  sideways,  or  at  any  inclination ;  and 
all  the  movements  are  at  all  times  central  and  within  easy  reach  of  the  attendant,  whatever  may 
be  the  direction  or  position  of  working. 

The  transverse  frame  or  rest  E  is  provided  at  each  end  with  a  pair  of  projecting  steel  points 
L  L,  which  can  be  lengthened  or  shortened  so  as  to  clamp  the  rest  securely  against  the  rock, 
thereby  relieving  the  horizontal  jib  F  and  the  pillar  B  from  the  shocks  produced  by  the  blows  of 
the  boring-tool.  The  steel  points  L  L  are  attached  to  pistons  inside  the  columns  of  the  rest  E ; 
and,  by  admitting  the  compressed  air  between  the  pistons,  the  points  are  caused  to  strike  out 
against  the  sides  of  the  tunnel,  and  are  then  secured  by  self-locking  catches.  It  is  generally  found 
sufficient,  however,  simply  to  wedge  the  hind  wheels  of  the  carriage  in  order  to  render  the  whole 
perfectly  steady,  without  any  necessity  for  clamping  the  carriage  and  rest  against  the  rock. 

The  compressed  air  for  working  the  boring  machine  is  supplied  by  an  Air-compressing  Engine 
at  the  top  of  the  shaft,  driven  by  a  small  portable  steam-engine.  The  air-compressing  engine  ia 
shown  in  Figs.  1122  to  1126,  and  consists  of  two  horizontal  compressing  cylinders  A  A,  Fig.  1122, 
fitted  with  air-tight  pistons  packed  with  brass  rings  or  cupped  leathers,  Fig.  1124.  On  each 
end  of  the  cylinder  A  are  upright  chambers  C  C,  and  on  the  top  of  each  chamber  are  a  pair  of 
inlet  and  delivery  air-valves,  so  that  there  are  two  inlet-valves  D  D  and  two  delivery-valves  E  E 
to  each  compressing  cylinder ;  these  valves  are  circular,  and  fit  air-tight  upon  conical  faces,  aa 
seen  in  Figs.  1124,  1125.  The  four  inlet-valves  DD  are  each  suspended  from  a  lever  F,  and  in 
the  original  construction  there  was  simply  a  weight  on  the  outer  end  of  the  lever  to  cause  the 
valve  to  shut  when  the  piston  B  had  drawn  in  sufficient  air  to  fill  the  chamber  C ;  it  was  found, 
however,  that  the  valves  did  not  work  very  steadily  with  the  levers  and  weights,  and  they  also  shut 
before  the  piston  reached  the  end  of  the  stroke,  so  that  part  of  the  stroke  was  wasted  in  uselessly 
expanding  the  air  in  the  chamber  C.  A  cam  G,  Fig.  1125,  worked  from  the  crank-shaft  H,  was 
therefore  added  to  each  of  the  valve-levers  F ;  and  the  cam  opens  the  inlet-valve  at  the  commence- 
ment of  each  forward  or  suction  stroke  of  the  piston,  and  keeps  it  open  till  the  commencement  of 
the  return  or  compressing  stroke,  when  the  valve  is  shut  suddenly  by  the  weight ;  and  this 
arrangement  has  proved  quite  satisfactory.  The  delivery- valves  E  E  are  shut  by  the  back-pressure, 
as  soon  as  the  compressed  air  is  all  forced  out  of  the  chambers  C ;  they  deliver  the  air  into  the 
air-vessels  J,  which  are  for  the  purpose  of  equalizing  the  pressure  of  the  air  under  the  varying 
pressure  of  the  stroke.  A  pipe  K  from  each  of  the  two  air-vessels  conveys  the  compressed  air  to  a 
large  wrought-iron  receiver,  from  which  it  is  supplied  for  working  the  boring  machine. 

The  two  air-compressing  cylinders  A  A,  Figs.  1122, 1124,  are  each  14  in.  diameter  with  18  in. 
length  of  stroke,  and  are  placed  at  each  end  of  a  cast-iron  bed-plate  ;  the  pistons  are  worked  by 
connecting-rods  from  the  double  cranks  H  at  right  angles  to  each  other,  which  receive  motion 
from  the  countershaft  L  driven  by  the  steam-engine.  By  employing  two  cylinders  of  half  area 
each  for  compressing  the  air,  worked  by  cranks  at  right  angles  to  each  other,  instead  of  a  single 
larger  cylinder,  an  advantage  is  gained  in  delivering  the  compressed  air  to  the  receiver  more 
uniformly,  and  also  the  strain  on  the  working  parts  is  more  evenly  divided.  The  cylinders  A  are 
filled  with  water,  which  rises  at  each  stroke  to  the  top  of  the  upright  chambers  C  C,  and  the 
surplus  water  is  forced  through  the  delivery-valves  E,  the  object  being  to  fill  up  every  space  with 
water  at  the  end  of  the  stroke,  and  so  ensure  every  particle  of  air  being  forced  through  the 
delivery-valves.  To  allow  for  leakage  and  waste  of  water,  a  supply  is  kept  constantly  flowing 
into  the  inlet-valves  D  from  the  small  pipe  M,  regulated  by  a  tap ;  and  the  water  forced  through 
the  delivery-valves  at  each  stroke  keeps  the  air-vessels  J  J  constantly  filled  with  water  up  to  the 
mouth  of  the  pipe  K,  so  that  the  compressed  air  is  kept  quite  cool.  The  surplus  water  passing 
into  the  pipe  K,  slowly  accumulates  in  the  large  air-receiver,  out  of  which  it  is  discharged 
occasionally 
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The  crank-shaft  H  is  driven  at  22  revolutions  a  minute,  and  at  each  stroke  the  piston  draws 
in  the  air  through  the  inlet-valve  at  one  end  of  the  cylinder,  and  compresses  the  air  to  six  atma 
spheres,  or  90  IDS.  the  sq.  in.,  at  the  other  end  of  the  cylinder,  discharging  the  compressed  air 
through  the  delivery-valve  to  the  receiver.  The  minimum  pressure  maintained  in  the  air-receiver 
is  75  Ibs.  the  sq.  in.,  and  the  maximum  125  Ibs.,  the  average  being  about  85  Ibs.  the  sq.  in. 
From  the  receiver  the  compressed  air  is  conveyed,  by  cast-iron  pipes  with  india-rubber  joints,  up  to 
within  50  ft.  of  the  boring  machine.  It  is  then  conveyed  to  the  machine  through  an  india-rubber 
pipe  made  with  six-ply  canvas,  and  about  100  ft.  long,  which  allows  the  boring  machine  to  be 
advanced  or  drawn  back  without  undoing  a  single  joint. 

This  boring  machine,  of  which  a  longitudinal  and  transverse  section  are  shown  in  Figs.  1120, 
1121,  was  employed  in  the  construction  of  the  Roundwood  Tunnel  for  the  Dublin  Corporation 
Water-works,  where  it  bored  the  holes  for  blasting  at  one  of  the  working  faces.  The  tunnel 
is  rectangular,  5  ft.  wide  and  6  ft.  high,  and  is  carried  through  Cambrian  rock  of  a  remarkably 
hard  and  difficult  character,  interspersed  with  quartz  veins.  Six  shot  holes  of  20  in.  depth  were 
usually  fired  at  each  blast,  and  these  six  holes  of  1J  in.  dimeter  were  all  bored  by  the  machine 
in  about  3*  hours;  two  chisels  were  used  for  each  hole,  which  required  fresh  grinding  before  being 
again  used.  With  hand-work,  however,  each  of  the  same  holes  takes  2*  to  3  hours  for  drilling, 
and  requires  usually  about  fifteen  fresh  tools  before  it  can  be  completed.  The  practical  value  of 
this  remarkable  saving  of  time  that  is  effected  by  the  use  of  the  machine  is  specially  experienced 
in  such  work  as  tunnelling  or  other  rock-blasting,  where  saving  of  time  is  of  such  great  import- 
ance both  in  expediting  and  economizing  the  work.  The  average  rate  at  which  the  very  hard 
rock  was  bored  by  the  machine  at  the  Roundwood  Tunnel  was  about  1  in.  a  minute ;  and  it  has 
been  found  as  the  result  of  experience  with  the  machine  that  it  bores  quicker  and  keeps  the 
edge  on  the  tool  better  by  striking  with  less  force  of  blow  but  with  greater  rapidity.  The 
number  of  blows  has  been  increased  from  250  to  500  or  600  blows  a  minute,  and  the  result  is 
that  one  hole  is  now  bored  with  two  tools  without  re-sharpening,  instead  of  using  five  or  six  tools, 
as  formerly  ,•  and  with  one  tool  a  hole  of  26  in.  depth  was  bored  in  the  Dalkey  granite  without 
re-sharpening. 

The  following  are  the  results  of  working  in  the  Dalkey  granite  • — 

1st  hole,  24*  inches  deep,  in  11  minutes  10  seconds. 
2nd  „     19*  14 


3rd 
4th 
5th 
6th 


55 
10 
35 
25 


The  following  are  the  results  of  working  in  the  remarkably  hard  rock  of  the  tunnel  at  Round- 
wood,  Wicklow : — 


1st  hole 


8*  inches  depth,  in  3*  minutes. 


Total      ..    23*,, 
2nd  hole  ..  I1?        " 

\     y          v 

Total       ..    21    ,, 
3rd  hole    ..  {   | 

Total      ..    15  „ 


5 
10 


12 


15   „ 


4th  hole 


1  10  incli 
"  I    9        „ 


inclie3  dePtni  m  6  minutes. 
3 


Total      . 
5th  hole    ..  { 

Total      . 
6th  hole 


19 


10J 
8 


4 

4* 


14 


10 


The  average  at  which  the  machine  continued  to  bore  was,  for  the  first  portion  of  the  hole,  10 
and  11  in.  depth  in  4*  to  8  minutes ;  and  for  the  second  portion,  9  and  9J  in.  depth  in  3  to  3* 
minutes. 

The  following  special  points  of  advantage  have  been  experienced  in  this  boring  machine ;  and 
these  may  be  considered  as  essential  conditions  to  be  fulfilled  in  a  good  machine  for  the  purpose 
of  boring  in  hard  descriptions  of  rock,  and  for  standing  satisfactorily  the  special  wear  and  tear  to 
which  such  machines  are  necessarily  subjected. 

The  boring  part  of  the  machine  with  the  tool  is  made  very  short,  so  as  to  allow  it  to  work  in 
any  direction  and  position  in  the  tunnel,  in  order  that  the  blast  of  the  hole  bored  may  displace 
the  largest  amount  of  rock.  The  carriage-frame  carrying  the  working  cylinder  is  also  very 
compact,  occupying  little  space,  and  allowing  the  cylinder  to  be  quickly  adjusted  into  any  desired 
position. 

The  reciprocating  parts  are  very  few  in  number,  and  are  in  the  direct  line  of  the  blow ;  these 
are  only  the  piston  and  rod  in  one  piece  of  steel,  and  the  tool  secured  in  the  piston-rod  so  as  to 
allow  no  play.  Moreover,  in  order  to  prevent  crystallization  of  the  parts  exposed  to  the  direct 
concussion,  a  cushion  of  air  is  provided  at  the  back  of  the  working  cylinder,  which  also  relieves 
the  carriage-frame  from  the  shocks  of  the  blows.  Also,  the  tool  being  made  to  reciprocate  with  the 
piston,  the  hole  is  more  easily  kept  free  from  the  debris  than  when  the  tool  is  stationary  and 
receives  blows  from  a  detached  piston,  as  in  other  descriptions  of  boring  machines ;  and  the  strong 
water-jet  playing  into  the  hole  is  found  to  keep  it  quite  clear  during  the  process  of  boring. 

The  advance  of  the  tool  is  self-acting,  and  exactly  at  the  same  rate  that  the  tool  is  cutting, 
however  variable  may  be  the  nature  of  the  rock ;  and  whether  the  tool  is  cutting  at  the  rate  of 
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3  in.  a  minute  m  one  part  of  the  hole,  or  only  1  in.  a  minnte  in  another  part,  the  adrmiw*  jriTrn  to 
the  tool  is  exactly  at  the  same  rate  that  the  boring  progress^  in  each  cane-  ao  that  there  k  no 
risk  of  the  piston  at  any  time  working  beyond  its  proper  range  of  stroke,  and  btrikinr  UM 
clyinder-cover.  The  advance  motion  for  the  tool  is  obtained  from  the  preamre  that  driw«  tfa 
piston,  without  the  use  of  propelling  gear,  the  absence  of  which  greatly  increase*  the  durability 
of  the  machine.  The  turning  motion  for  the  tool  also,  being  OHMlM  to  the  nUtionurr  onter 
cylinder,  is  freed  from  the  source  of  derangement  that  would  arise  from  the  rapidity  of  tha 
'-lows  of  the  tool  if  the  turning  motion  were  connected  to  the  reciprocating  part.  The  motion 
or  working  the  valve  is  gradual  and  easy  in  its  action,  so  that  a  very  rapid  action  i»  obtained 
without  any  destructive  shocks.  The  outer  end  of  the  tool  ia  guided  in  a  bearing,  to  pretrnt  it 
from  working  to  one  side,  and  getting  jammed  when  meeting  with  an  oblique  rein  of  harder 
material. 

The  machine  is  arranged  so  that  it  can  be  brought  to  work  again  immediately  after  a  wt  of 
holes  have  been  blasted  and  before  the  debris  is  removed,  which  can  bo  done  whil.-t'thc  machine  u 
at  work,  the  material  being  carried  or  thrown  through  the  clear  space  left  by  the  carriage-frame ; 
and  a  jet  of  air  being  left  open  near  the  face  at  the  time  of  explosion  soon  dilutes  and  clean  off  tha 
gases  resulting  from  the  explosion  of  the  powder.  This  saves  much  of  the  loss  of  time  which  occur* 
with  other  machines  in  removing  the  debris  before  the  machine  can  be  set  to  work  apiin.  The 
compressed  air,  on  being  discharged  from  the  boring  cylinder,  also  serves  effectively  to  rentilata 
the  workings,  and  supplies  fresh  air  to  the  miners. 

Bergstrcem's  Boring  Machine. — This  boring  machine,  Figs.  1127  to  1132,  which  U  now  \tttff 
used  at  the  Perseberg  mines,  near  the  town  of  Philipstad,  in  Sweden,  is  a  modification  of  that 
constructed  by  Schumann,  of  Freiberg. 

The  machine  consists  of  a  cast-iron  cylinder  A,  Fig.  1127,  4}  in.  in  diameter,  in  which  the 
piston  B,  and  at  the  same  time  the  borer  fixed  in  the  socket  C,  is  moved  by  oompreiued  air.  The 
length  of  the  stroke  is  7  in.  The  compressed  air  enters  by  a  pipe  at  D,  and  then  paam  through 
one  of  the  ports  E  into  the  cylinder,  and  moves  the  piston  backwards  and  forwards.  F  and  P  ara 
two  single-acting  cylinders,  in  which  the  pistons  0  L,  and  their  common  piston-rod,  are  moved  by 
air.  K  is  the  slide-valve,  which  is  pushed  backwards  and  forwards  by  posses  on  the  putoo-rod, 
in  order  to  make  the  air  act  sometimes  on  one  side  of  the  piston  and  sometimes  on  the  other.  By 
means  of  the  nuta  at  L,  the  position  of  the  slide-valve  on  the  valve-face  ia  determined,  and  eon 
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eequently  at  the  same  time  the  entry  of  the  air.  M  ia  a  guide  for  the  slide-valve.  On  the 
valvC'-rod  the  cross-head  N  is  keyed,  which,  by  means  of  two  connecting-rods  o,  sets  in  motion 
the  fly-wheel  P,  its  axle,  and  the  worm  Q,  which  has  been  formed  on  it.  The  screw  takes  into 
the  worm-wheel  B,  which  thus  causes  the  spindle  8  to  rotate.  The  spindle  S  has  on  each 
side  a  groove,  in  which  feathers,  dovetailed  into  the  hollow  piston-rod  C,  can  readily  move,  and 
thus  when  the  spindle  turns  it  causes  the  rotation  of  the  piston  and  consequently  also  of  the 
borer. 

The  machine  hangs  from,  or  may  be  supported  by,  a  bar  T  having  a  thread  cut  on  it.  In 
order  to  prevent  the  machine  from  turning  on  the  bar  T,  the  thread  is  cut  away,  as  shown  on 
the  cross-section  and  plan.  By  means  of  the  screws  U  and  U,  the  rod  is  firmly  forced  against 
the  rock.  The  advance  of  the  machine  is  effected  by  hand,  by  working  a  winchrhandle  X,  which 
actuates  a  mitre-wheel  Y,  which  gears  into  another  mitre-wheel  on  the  nut  W.  This  nut  W  is 
field  between  two  lugs  cast  on  the  cylinder,  and  therefore  as  the  nut  is  caused  to  rotate  the 
machine  advances  or  retires.  The  machine  gives  200  to  300  and  even  350  blows  a  minute,  and 
the  borer  makes  one  entire  turn  for  22  blows. 

Strut. — In  order  to  furnish  a  point  of  support  for  the  screws  U,  a  wooden  strut,  Fig.  1130,  pro- 
vided with  an  iron  at  its  upper  end  and  at  its  lower  with  an  adjustable  screw  and  tripod,  ia 
firmly  fixed  across  the  level. 
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It  will  now  be  readily  understood  that  the  machine  can  be  fixed  in  any  position,  and  con- 
sequently holes  can  be  bored  in  all  directions.  It  takes  two  men  to  put  up  the  machine,  and  one 
to  attend  to  it.  The  other  man  can  be  boring  by  hand  in  the  meantime. 

Air-compressor. — At  the  Perseberg  mines  the  machine  is  worked  by  compressed  air.  The  air- 
compressor,  Figs.  1131,  1132,  was  designed  by  Professor  Angstrom.  It  consists  of  two  vertical 
iron  barrels,  15£  in.  in  diameter  and  about  8  ft.  high,  communicating  with  one  another  at  the 
bottom  by  a  chamber. 

The  upper  end  of  each  barrel  is  provided  with  a  valve-box  having  two  valves,  one  opening 
inwards,  for  the  admission  of  air,  and  the  other  outwards  into  the  delivery-box,  for  the  eduction  of 
air.  In  one  barrel  a  piston  is  made  to  work  up  and  down,  and  in  order  to  deliver  every  particle 
of  air  at  each  stroke,  and  to  keep  the  barrels  cool,  a  quantity  of  water  is  placed  inside  the  pump, 
which  at  each  stroke  entirely  fills  up  the  valve-box,  and  thus  expels  the  whole  of  the  air  from  the 
pump.  The  other  barrel  has  no  piston  working  in  it,  but  is  also  filled  with  water,  which  is  caused 
to  rise  and  fall  as  the  piston  goes  down  and  up.  This  water  also  forces  out  all  the  air  from  the 
barrel  and  valve-box  at  each  stroke.  The  piston-rod  is  connected  to  the  main  rod  of  the  pumping 
engine,  and  is  provided  with  a  cross-head,  from  which  a  weight  is  suspended  by  rods.  The  stroke 
is  7  ft.  Four  strokes  a  minute  furnish  enough  air  for  one  boring  machine.  The  air  must  be  com- 
pressed to  15  Ibs.  or  20  Ibs.  a  sq.  in.,  which  corresponds  to  an  excess  pressure  of  1  or  1  \  atmosphere. 
If  such  a  pressure  cannot  be  had,  no  good  results  are  obtained. 

This  air-compressor  is  specially  constructed  for  places  where  the  power  is  derived  from  the 
main  rod  of  the  pumps.  It  is  considered  that  5  or  6  horse-power  would  be  required  to  drive  an 
air-compressor.  In  the  Peraeberg  adit  the  air-compressor  is  from  60  to  70  fathoms  from  the  end ; 
there  is  no  regulator. 

Pipes. — The  air  is  conducted  from  the  compressor  along  the  level  by  cast-iron  flange-pipes,  4  in. 
in  diameter  and  9  ft.  long,  with  a  small  spigot  and  socket,  the  joints  being  made  with  tar,  mixed 
with  finely-powdered  brick  and  lime. 

These  pipes  conduct  the  air  very  nearly  to  the  end,  and  the  air  is  finally  brought  into  the 
machine  by  some  30  ft.  of  india-rubber  pipe,  3  in.  in  diameter  and  -^  in.  thick. 

F.  B.  Doering's  rock-boring  machine,  Figs.  1133  to  1138,  has  an  effective  means  of  regulating 
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cylinder,  the  pistons  of  these  cylinders  may  be  attached  to  the  workinp  or  borinjr  rrlinder.  UM 
adjacent  cylinder  in  this  case  being  fixed.  The  adjacent  cylinders  ft  6  have  each  *  flxad  pMoa  «, 
and  a  supply  of  compressed  air 'may  be  maintained  at  the  front.  So  much  of  rath  of  Un»  rritakw 
s  is  behind  the  piston  or  pistons  is  filled  with  water.  A  tube  connected  at  /  IcnU  frwo  U>« 
piston-valve  a  to  a  reservoir  containing  this  water  or  fluid. 

The  action  of  the  engine  is  as  follows :— Supposing  the  main  cylinder  c  tod  ftdjMwat  cylia- 
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ders  b  b  are  at  the  back  end  of  their  travel ;  whenever  the  tool,  as  it  continues  to  work,  has  cut  to  a 
sufficient  depth  to  allow  the  main  piston  to  uncover  a  port  in  the  main  cylinder  communicating 
with  the  cylinder  of  the  piston-valve  a,  this  valve  moves  and  allows  part  of  the  water  in  the  adja- 
cent cylinders  6  6  to  escape  under  the  pressure  of  the  compressed  air  on  the  other  side  of  the  fixed 
pistons  e  <•,  or  under  the  pressure  due  to  the  weight  of  the  machine  if  the  same  is  working  down- 
wards. The  adjacent  cylinders  and  main  cylinders  are  thus  caused  to  advance,  and  this  advance 
takes  place  intermittently,  according  to  the  quantity  of  water  which  escapes  from  the  valve,  until 
they  reach  the  forward  end  of  their  travel.  A  cock  at  the  front  part  of  the  adjacent  cylinders  is 
then  opened  to  let  out  the  compressed  air,  and  pressure  is  exerted  on  the  water  in  the  r<  M  r\nii  t<> 
force  tlie  water  through  the  valve  into  the  adjacent  cylinders,  the  small  cylinder  d  exhausting  into 
the  main  cylinder  to  allow  the  valve  a  to  be  moved  by  the  pressure  of  the  water,  the  piston  of  the 
main  cylinder  being  put  into  the  required  position.  The  pressure  of  the  water  in  the  adjacent 
cylinders  causes  them  and  the  main  cylinder  c  to  run  back  on  their  supporting-bars  to  recommence 
their  forward  travel ;  the  valve  a  is  then  closed,  the  cock  at  the  front  end  of  the  adjacent  cylinders 
reversed,  and  the  pressure  in  the  water  reservoir  removed. 

When  the  engine  is  working  vertically  or  nearly  so,  the  employment  of  compressed  air  in  tlio 
adjacent  cylinders  may  be  dispensed  with,  as  the  weight  of  the  engine  will  be  sufficient  to  effect 
the  feed  as  the  tool  cuts.  Again,  instead  of  compressed  air  in  the  adjacent  cylinders,  a  vacuum 
may  be  created  in  the  water  reservoir  connected  with  the  valve.  This  application  of  water  \« 
regulate  the  advance  of  a  boring  engine  may  be  applied  directly  to  the  advance  of  the  boring-tool, 
as  shown  in  Fig.  1137,  the  cylinder  a  being  stationary,  and  the  piston-rod  6  forming  a  cylinder  in 
which  a  piston  c  attached  to  the  boring-tool  moves.  Water  is  placed  in  the  front  portion  of  the 
piston-rod  at  /,  and  a  pressure  of  the  motive  fluid  acting  on  the  back  of  the  piston  being  con- 
stantly supplied  through  A  to  keep  it  pressed  against  the  water  so  as  to  advance  when  the  water 
or  a  portion  of  it  is  discharged  through  k.  In  this  case,  the  valve  for  the  discharge  is  formed  by 
the  piston.  This  discharge  can  only  take  place  when  the  tool  has  penetrated  to  such  a  depth  as 
to  allow  the  port  k  to  communicate  with  m.  A  circular  groove  is  cut  in  the  piston  at  k  to  regulate 
or  adjust  the  engine  for  working  in  materials  of  different  hardness  or  softness. 

The  ports  g  g  g,  Fig.  1133,  in  the  main  cylinder  are  formed  at  various  distances  from  the  cylinder 
end,  and  communicate  with  the  passage  leading  to  the  advance  cylinder  d  through  a  cock  common 
to  all  these  ports.  According  to  whether  the  material  operated  upon  necessitates  a  short  or  long 
stroke,  the  cock  is  turned  to  open  the  way  between  the  advance  cylinder  and  one  or  other  of  the 
ports,  to  produce  the  advance  of  the  engine  when  the  main  piston  has  passed  this  port  in  its  stroke. 
Instead  of  employing  a  cock  common  to  all  these  ports,  the  inventor  has  provided  plugs  by  which 
he  can  close  all  the  ports  except  the  one  required  for  work.  It  is  also  sometimes  desirable  to  alter 
the  position  of  the  ports  in  the  main  cylinder  for  working  the  valve;  this  may  be  effected  by  a 
cock  h  arranged  similarly  to  that  before  described,  or  the  communication  between  the  cylinder  and 
its  valve-piston  may  be  throttled  or  wire-drawn. 

For  the  purpose  of  securing  the  tool  in  the  end  of  the  piston-rod,  Doering  threads  the  end  of 
the  piston-rod  to  receive  a  nut  a,  Fig.  1135,  and  makes  the  position  of  the  ordinary  key  b  adjustable. 
The  nut  a  is  screwed  up  and  the  key  driven  in,  thus  enabling  him  to  dispense  with  the  washers 
usually  employed.  In  some  cases  grooves  c,  Fig.  1136,  are  formed  in  the  nut  to  keep  it  from 
turning.  A  nut  is  also  employed  on  the  inner  end  of  the  tool-head,  Fig.  1138,  and  the  main 
piston-rod  formed  hollow  so  as  to  pass  the  tool  down  it  and  secure  it  by  a  nut  and  key,  as  in 
Fig.  1135. 

Mather  and  Plait's  Boring  Machine. — The  construction  of  the  boring-head  and  shell-pump,  and 
the  mode  of  acquiring  the  percussive  motion,  constitute  the  chief  novelties  of  the  system  and 
machine,  shown  in  Figs.  1139  to  1142.  The  couple-cylinder  engine,  with  the  reversing  or  link 
motion,  is  used  for  winding  and  lowering  the  apparatus ;  but  an  ordinary  winding  engine,  similar 
to  those  used  in  collieries,  may  be  applied. 

The  boring-head  consists  of  a  wrought-iron  bar,  about  8  ft.  long,  on  the  lower  part  of  which  is 
fitted  a  block  of  cast  iron,  in  which  the  chisels  or  cutters  are  firmly  secured.  Above  the  chisels  an 
iron  casting  is  fixed  to  the  bar,  by  which  the  boring-head  is  kept  steady  and  perpendicular  in  the 
hole.  A  mechanical  arrangement  is  provided,  by  which  the  boring-head  is  compelled  to  move 
round  a  part  of  a  revolution  at  each  stroke.  The  loop  or  link  by  which  the  boring  apparatus  is 
attached  to  the  flat  wire  rope  is  secured  to  a  loose  casting  on  the  wrought-iron  bar,  with  liberty  to 
move  up  and  down  about  6  in.  A  part  of  this  casting  is  of  square  section,  but  twisted  about  one- 
fourth  of  the  circumference.  This  twisted  part  moves  through  a  socket  of  corresponding  form  on 
the  upper  part  of  a  box,  in  which  is  placed  a  series  of  ratchets  and  catches,  by  which  the  rotary 
motion  is  produced.  Two  objects  are  here  accomplished — one  the  rotary  motion  given  to  the 
boring-head,  the  other  a  facility  for  the  rope  to  descend  after  the  boring-head  has  struck,  and  so 
prevent  any  slack  taking  place,  which  would  cause  the  rope  to  dangle  against  the  side  of  the  hole, 
and  become  seriously  injured  by  chafing. 

The  shell-pump,  Fig.  1141,  is  a  cylinder  of  cast  iron,  to  the  top  of  which  is  attached  a  wrought- 
iron  guide.  The  cylinder  is  fitted  with  a  bucket  similar  to  that  of  a  common  lifting  pump,  with 
an  india-rubber  valve.  At  the  bottom  of  the  cylinder  is  a  clack,  which  also  acts  on  the  same 
principle  as  that  in  a  common  lifting  pump,  but  it  is  slightly  modified  to  suit  the  particular 
purpose  to  which  it  is  here  applied.  The  bottom  clack  is  not  fastened  to  the  cylinder,  but 
works  in  a  frame  attached  to  a  rod  which  passes  through  the  bucket,  and  through  a  wrought- 
iron  guide  at  the  top  of  the  cylinder,  and  is  kept  in  its  place  by  a  cotter,  which  passes  through 
a  proper  slot  at  the  top  of  the  rod.  The  pump-rod,  or  that  by  which  the  bucket  is  worked, 
is  made  of  a  forked  form,  for  the  twofold  purpose  of  allowing  the  rod  to  which  the  bottom  clack 
is  attached  to  pass  through  the  bucket,  and  also  to  serve  as  the  link  or  loop  by  which  the  whole  is 
suspended. 

The  wrought-iron  guide  is  secured  to  the  top  of  the  cylinder,  and  prevents  the  bucket  from 
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being  drawn  out  when  the  whole  is 
so  suspended.  The  bottom  clack 
also  is  so  arranged  that  it  is  at 
liberty  to  rise  about  G  in.  from  its 
seating,  so  as  to  allow  large  frag- 
ments of  rock,  or  other  material,  to 
have  free  access  to  the  interior  of 
the  cylinder  when  a  partial  vacuum 
is  formed  there  by  the  up-stroke  of 
the  pump. 

The  percussive  motion  is  pro- 
duced by  means  of  a  steam-cylinder, 
which  is  fitted  with  a  piston  of  15  in. 
diameter,  having  a  rod  of  cast  iron 
7  in.  square,  branching  off  to  a  fork, 
in  which  is  a  pulley  of  about  3  ft. 
in  diameter,  of  sufficient  breadth  for 
the  rope  to  pass  over,  and  with 
flanges  to  keep  it  in  its  place.  As 
the  boring -head  and  piston  will 
both  fall  by  their  own  weight  when 
the  steam  is  shut  off  and  the  ex- 
1m  ust- valve  opened,  the  steam  is 
admitted  only  at  the  bottom  of  the 
cylinder ;  the  exhaust-port  is  a  few 
inches  higher  than  the  steam-port, 
BO  that  there  is  always  an  elastic 
cushion  of  steam  of  that  thickness 
for  the  piston  to  fall  upon. 

The  valves  are  opened  and  shut 
by  a  self-acting  motion  derived  from 
the  action  of  the  piston  itself;  and 
as  it  is  of  course  necessary  that 
motion  should  be  given  to  it  before 
such  a  result  can  ensue,  a  small  jet 
of  steam  is  allowed  to  be  con- 
stantly blowing  into  the  bottom  of 
the  cylinder ;  this  causes  the  piston 
to  move  slowly  at  first,  so  as  to  take 
up  the  rope,  and  allow  it  to  receive 
the  weight  of  the  boring-rod  by 
degrees,  and  without  a  jerk.  An 
arm  which  is  attached  to  the  piston- 
rod  then  comes  in  contact  with  a 
clam,  which  opens  the  steam-valve, 
and  the  piston  moves  quickly  to 
the  top  of  the  stroke.'  Another 
clam,  worked  by  the  same  arm,  then 
shuts  off  the  steam,  and  the  ex- 
haust-valve is  opened  by  a  corre- 
sponding arrangement  on  the  other 
side  of  the  piston-rod.  By  moving 
the  clams,  the  length  of  the  stroke 
can  be  varied  at  the  will  of  the 
operator,  according  to  the  material 
to  be  bored  through.  The  fall  of 
the  boring-head  and  piston  can  also 
be  regulated  by  a  weighted  valve  on 
the  exhaust-pipe,  so  as  to  descend 
slowly  or  quickly,  as  may  be  re- 
quired. 

The  general  arrangement  of  the 
new  machine  may  be  described 
as  follows : — The  winding-drum  is 
10  ft.  in  diameter,  and  is  capable 
of  holding  3000  ft.  of  flat  wire  rope, 
4J  in.  broad  and  £  in.  thick;  from 
the  drum  the  rope  passes  under  a 
guide-pulley,  through  a  clam,  and 
over  the  pulley  which  is  supported 
on  the  fork  end  of  the  piston-rod, 
and  so  to  the  end  which  receives  the 
boring-head,  which  being  hooked 
on  and  lowered  to  the  bottom,  the 
rope  is  gripped  by  the  clam.  A 
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email  jet  of  steam  is  then  turned  on,  causing  the  piston  to  rise  slowly  until  the  arm  moves  the  clan 
and  gives  the  full  charge  of  steam ;  an  accelerated  motion  in  then  'given  to  the  pU^SS  1 
boring-head  the  required  height,  when  the  steam  is  shut  off,  and  the  exhaust-vah 
way  described,  thus  effecting  one  stroke  of  the  boring-head  as  regulated  by  a  back  nra 
in  the  exhaust-pipe.    The  exhaust-port  is  6  in.  from  the  bottom  of  the  cylinder  •  whe 
descends  to  this  point  it  rests  on  a  cushion  of  steam,  which  prevents  any  concussion.    To  t 
the  lift  of  the  boring-head,  or  compensate  for  the  elasticity  of  the  rope,  which  is  found  to  1 
in  100  ft.,  it  is  simply  necessary  to  raise  the  clams  on  the  clam-shaft  whilst  the  percussive  mota 
is  in  operation.    The  clam  which  grips  the  rope  is  fixed  to  a  slide  and  screw  by  whi 
rope  can  be  given  out  as  required.    When  this  operation  is  completed,  and  the  strata  cut  ui 
succession  of  strokes  thus  effected,  the  steam  is  shut  off  from  the  percussive  cylinder  the  rone 
undamped,  the  winding  engine  put  in  motion,  and  the  boring-head  brought  up  and  slunir  fans 
overhead  suspension-bar  by  a  hook  fitted  with  a  roller  to  traverse  the  barf    The  shell-porno. 
Fig.  1141,  is  then  lowered,  and  the  debris  pumped  into  it,  by  lowering  and  raising  the  bneketal 
three  times,  which  the  reversing  motion  of  the  winding  engine  readily  adniiU  of;   it  is  the 
brought  to  surface  and  emptied  by  the  following  very  simple  arrangement.    At  a  point  in  tl 
suspension-bar  a  hook  is  fixed  perpendicularly  over  a  small  table  in  the  waste  tank,  which  table 
is  raised  and  lowered  by  a  screw.     The  pump  being  suspended  from  the  hook  hangs  directly  over 
the  table,  which  is  then  raised  by  the  screw  till  it  receives  the  weight  of  the  pump.    A  coffer 
which  keeps  the  clack  in  its  place,  is  then  knocked  out,  and  the  table  screwed  down.    The  bottom 
clack  and  the  frame  descending  with  it,  the  contents  of  the  pump  are  washed  out  by  the  rush  of 
jwater  contained  in  the  pump-cylinder.    The  table  is  again  raised  by  the  screw,  and  the  clack 
resumes  its  proper  position ;  the  cotter  is  then  driven  into  the  slot,  and  the  pump  is  again  ready  to 
ibe  lowered  into  the  hole  as  before.    It  is  generally  necessary  for  the  pump  to  descend  three  times, 
' in  order  to  remove  all  the  debris  broken  up  by  the  boring-head  at  one  operation. 

The  following  facts  obtained  from  the  use  of  the  machine  in  boring  in  the  new  red  Mndstoae  at 
Manchester,  will  show  its  actual  performance,  and  enable  us  to  compare  it  with  the  other  systems. 
,The  boring-head  is  lowered  at  the  rate  of  500  ft.  a  minute  ;  the  percussive  motion  is  performed  at 
(the  rate  of  24  blows  a  minute,  and  being  continued  for  ten  minutes,  the  cutters  in  that  time 
penetrate  from  5  to  6  in. ;  it  is  then  wound  up  at  300  ft.  a  minute.  The  shell-pump  is  then 
lowered  at  the  rate  of  500  ft.  a  minute,  the  pumping  continued  for  one  minute  and  a  half,  and 
(being  charged,  the  pump  is  wound  up  at  300  ft.  a  minute.  It  is  then  emptied  and  the  operation 
repeated,  which  can  be  accomplished  three  times  in  ten  minutes,  at  a  depth  of  200  ft.  The  whole 
|of  one  operation,  resulting  in  the  deepening  of  the  hole  5  to  6  in.,  and  cleansing  it  of  dtbrit  ready 
for  the  cutters  or  boring-head  being  again  introduced,  is  seen  to  occupy  an  interval  of  20  minutes 
only. 

Blasting^- Gunpowder  is  the  most  valuable  agent  for  excavation;   it  is,  however,  of  more 
service  in  the  work  of  extraction  than  in  that  of  ^reparation,  because  in  removing  the  min<  r*U 
those  regular  forms  of  the  walls  are  not  required  which  distinguish  the  shaft  and  the  drift  from 
(the  gallery.     Blasting-powder  is  employed  in  different  quantities  and  in  various  forms,  according 
to  circumstances.    In  slaty  open  rock,  in  rotten  brittle  shale,  and  in  loose  gravel Jt  is  of  no  use; 
but  in  hard  rock,  in  sandstone,  limestone,  and  similar  substances,  blasting  is  extremcl v  serviceable, 
and  often  reduces  the  prices  of  working  hard  rock  to  that  of  soft  material.    Gunpowder  is  of  most 
service  where  the  vein  has  a  seam  of  soft  mineral,  or  a  succession  of  cavities  on  one  side,  so  that 
a  blast  applied  at  the  opposite  termination  of  the  vein  may  remove  the  whole  thickness  of  it.     If 
the  soft  matter  or  the  cavities  are  in  the  middle  of  the  vein,  it  requires  always  two  blasts,  and  of 
course  the  drilling  of  two  holes,  as  well  as  two  charges  of  gunpowder,  to  r«-ni"Vi-  tin-  v.  i 
amount  of  gunpowder  used  is  often  calculated  to  be  proportionate  to  the  amount  of  rock  removed, 
but  this  is  not  so  in  practice;  where  the  amount  of  maiter  removed  in  limited,  tho  conmimption  of 
powder  increases  more  rapidly  than  the  quantity  of  rock  removed.    In  mii»-n  which  hnv.-  a  large 
quantity  of  shattered  rocks,  the  application  of  powder  is  limited  by  the  consideration  that  injury 
may  be  caused  to  other  parts  of  the  mine.    The  removal  of  thick  veins,  or  masse*,  of  heavy  rock, 
also  veins  of  pyrites,  is  often  conducted  with  considerable  difficulty,  because  heavy  blasts  cannot 
conveniently  be  applied.    In  all  such  cases  it  is,  however,  the  cheapest  way  of  working  masses; 
•and  if  holes  for  blasting  cannot  well  be  drilled,  they  can  bo  formed  by  acids.    Pyrites  may  b 
penetrated  by  nitric  or  muriatic  acid;  also  native  metals,  such  as  copper,  limoatono,  an<i 
iron  ore,  may  be  dissolved  by  any  acid — the  muriatic  is,  however,  the  most  generally  used.    1 
this  case  we  cannot  sink  any  other  form  of  hole  than  a  vertical  one.    Tho  mani|>uluti< 
performed  by  setting  a  glass  tube  vertically  upon  the  rock,  and  providing  iU  Ui 
and  apparatus,  so  as  to  let  in  the  acid  drop  by  drop.    If  the  pipe  is  close  fitting  to  the  rnrk.  ar 
the  acid  poured  in  very  slowly,  the  hole  will  not  be  much  larger  than  the  glass-pipe, 
must  descend  with  the  bottom  of  the  hole,  and  be  always  close  to  it. 
slowly ;  but  in  pyrites,  or  compact  magnetic  iron  ore  which  cannot  be  penetnfc 
is  a  useful  method  of  preparing  a  hole  for  blnsting.     When  heavy  masses  are  tr 
one  charge,  the  hole  may  be  made  wider  in  the  bottom  by  letting  down  tt  •  •!    ••:•. 

which  will  spread  over  a  larger  surface  and  dissolve  a  greater  width.    See  < 

We  will  now  give  one  example  of  firing  charges  of  gunpowder  by  means 
by  a  voltaic  battery.  _  _     _,     ,   . 

Demolition  of  a  Fort  at  Furruckabad,  in  January,  1 858  r  by  P.  ff.  a******  f> 
to  be  destroyed  was  a  front  built  of  good  sound  brick  masonry,  consisting  of  1 
left  one  being  54  ft.  in  height  and  the  other  36  ft.  high,  and  both  being  . 
nected  by  a  revetted  curtain  130  ft.  long  and  34  ft.  in  height ;  two  portions  of  MM 
length,  running  at  right  angles  to  the  curtain,  from  the  towers  on  each  sul, 
same  height  as  the  curtain  ;  and  also  a  wall  160  ft.  long,  11  ft.  high,  and  2 
of  an  enclosed  court-yard.     L  is  put  =  the  length  of  the  line  of  least  resi  «*£  ^ 
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The  project  for  the  demolition  of  the  front  was  as  follows : — Two  charges,  with  lines  of  least 
resistance  18  ft.  long,  to  be  placed  in  each  of  the  towers,  3  ft.  in  advance  of  their  centres,  and  at 
one-lined  intervals,  Figs.  1143  to  1148.  Two  charges,  with  L  =  12  ft.,  to  be  placed  in  each  tower 

1H3. 


FOCUS 


1144. 


1145. 


1147. 


in  rear  of  the  angles  formed  by  the  tower  and  the  revetment.  The  remaining  portion  of  the  con- 
necting-curtain to  be  destroyed  by  charges,  with  L  =  10  ft.,  placed  at  2J-lined  intervals,  which 
required  6  more,  as  shown  in  Fig.  1143. 

In  the  towers,  galleries  with  returns  were  to  be  driven  at  nearly  equal  levels,  which  the 
nature  of  the  ground  favoured.  The  mines  in  the  revetment  were  to  be  formed  by  sinking  5  shafts, 
each  15  ft.  deep,  with  galleries  running  out  right  and  left  from  them  to  the  requisite  distances. 

The  charges  were  calculated  according  to  the  formula  for  strong  masonry  revetments  without 
counterforts,  placed  at  two-lined  intervals,  or  •£.  L3.  As  native  powder  was  to  be  used,  there  was 
allowed  \  of  -fe  L3,  or  T§7J  L3,  in  addition  to  "the  proper  charges  of  English  powder,  making  the 
formula  ^  L3  +  ^  L3  =  ^  L3. 

Scratchley  was  also  directed  to  prepare  the  towers  at  the  entrance  gateway  for  demolition,  and 
he  carried  out  the  following  plan.  These  towers  were  28  ft.  in  diameter,  and  from  22  ft.  to  29  ft. 
high  on  the  outside  :  they  were  built  of  softer  masonry  than  the  others,  and  were  solid  only  to  a 
height  of  15  ft.  from  the  bottom.  A  shaft  was  to  be  sunk  in  the  centre  of  each  tower,  at  the  level 
of  the  ground  inside  (15  ft.  from  the  bottom),  12  ft.  deep;  and  small  galleries  were  to  be  driven 
right  and  left,  5  nnd  G  ft.  long  respectively.  The  charges  were  calculated,  as  above,  by  the 
formula  T\AJ  L3,  and  were  to  be  placed  so  that  their  lines  of  least  resistance  were  respectively  8  and 
9  ft.  long. 

The  following  journal  gives  the  particulars  of  the  work  executed. 

A  detail  of  officers  and  men  of  the  Engineer  Brigade  left  the  camp  at  Futtehghur  at  3  P.M., 
5th  January,  1858 : — 


Corps. 

Officers. 

Native 
Officers. 

Sergeants. 

Corporals. 

Privates. 

Bugler. 

Total 

Remarks. 

Royal  Engineers 

3 

2 

5 

52 

1 

63 

Lieut.  Scratchley,  R.E. 

Bengal  Engineers 

2 

.. 

.. 

.. 

2 

„     Wynne,  R.E. 
„     Keith,  R.E. 

Bengal      Sappers! 
and  Miners     .  .  J 

2 

4 

•• 

33 

•• 

39 

„     Lang,  B.E. 
„     Forbes,  B.E. 

Total   ..      .. 

5 

2 

6 

5 

85 

1 

104 

This  detail  was  divided  into  3  reliefs,  namely  : — 

1st  relief — 20  rank  and  file,  European. 

12  „  Native. 

2nd  relief — 19  „  European. 

12  „  Native. 

3rd  relief — 18  „  European. 

12  Native. 
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The  1st  relief  commenced  work  at  8  P.M.  on  the  evening  of  January  5th 

January  5th   1st  Relief,  8  till  12  P.M.,  Wynne.-*  galleries,  marked'! i  ?*  G  H  Fi«r  im 
commenced  m  the  towers,  at  the  respective  levels  of  20  S  G  in    27  ft   «  iu    J 
29  ft.  6  in.,  below  the  terreplem  of  the  fort,  and  driven  towards  the'ct-utn  i  UE  t" 
A,  D,  E,  F,  were  also  commenced  at  a  distance  of  10  ft.  from  the  curtn 

January  6th,  2nd  Belief,  12  till  4  A.M.,  Keith  —Shafts  A    T)    f    v 
of  15  ft.  each,  and  were  made  4  ft.  by  3  ft.     Galleries  SiTS  """1  \°M  *  "*  daPlh 

right  and  left  of  each  shaft.     SoU  Te^ea^^^l*JSS?ttftja  ™ <***** 
slowly  through  very  tough  pucka  masonry.     That  at  H  was  softer' 

3rd  Belief,  4  till  8  A.M.,  Lang.-The  8  galleries  of  A,  D,  E,  F,  I  I  m mil  »r 
made  earth     The  galleries  B,  C,  G,  advanced   through  tough  nJodV^ 
masonry.    The  tools  were  m  bad  order  and  were  not  adapted  to  niinii 

thro^h*^ 

2nd  Belief,  12  till  4  P.M.,  Wynne.-The  8  galleries  wer?  nSrly  flnShed :_ 

Ft    In. 

That  at  B  had  advanced  9    0  through  pucka  masonry. 
»      C  „  86 

»t      G  30  " 

»      H  „  120  through  made  earth. 

4  to  8  P.M.,  Keith.-The  galleries  of  A,  D,  E,  F,  were  finished  to  the  following 


3rd 
lengths : — 


A  c (Fig.  1143) 

A  6 

D&i         „ 

DC 


Ft  In. 

12  0 

13  6 

14  0 
12  6 


.  1143) 


F&» 


Ft 
12 
12 
12 
20 


Hardly  any  progress  was  made  at  G. 

1st  Belief,  8  till  12  P.M.,  Lang.— Another  shaft  I,  Fig.  1143,  was  commenced  at  a  distant*  of 
10  ft.  from  the  wall.  A  party  was  also  employed  in  lodging  charges  in  the  wall  to  be  dectrored. 
described  in  accompanying  memorandum. 

January  7th,  2nd  Belief,  12  P.M.  till  4  A.M.,  Forbes. — 

B  gallery  was  24  ft.  long. 

24       „ 

„          17  ft.  10  in.,  and  return  commenced. 
G  had  not  extended  through  pucka  masonry. 

3rdf  Relief,  4  till  8  A.M.,  Wynne.— Shaft  I  was  completed  to  a  depth  of  15  ft.,  and  2 
were  commenced  from  it,  running  right  and  left  parallel  to  the  wall. 

1st  Relief,  Keith. — The  galleries  of  shaft  I  were  completed  to  the  required  length*,  namely,  e* 
14  ft.,  and  c,  12  ft.  Chambers  were  formed  in  all  the  shaft-galleries. 

B  gallery  was  completed,  with  a  return  5  ft.  8  in.  long. 
C  „  „  „  7  ft.  long. 

At  G  the  work  was  continued  by  blasting. 

H  gallery  was  completed,  with  a  return  6  ft.  long. 

2nd  Belief,  12  till  4  P.M.,  Lang. — The  chambers  in  all  the  galleries  except  O  wer*  completed. 
G  was  8  ft.  5  in.  long,  pucka  masonry  7  ft.  thick  having  been  cut  through.  More  oxpenmeate 
were  made  on  the  wall  of  the  court-yard. 

3rd  Belief,  4  till  8  P.M.,  Forbes. — More  charges  were  tried  on  the  wall,  and  a  party  WM  em- 
ployed destroying  it  by  hand. 

Is*  Relief,  8  till  12  P.M.,  Wynne.— Shafts  A  and  B  were  sunk  12  ft.  deep  in  the  entrant*  towers. 

January  8th,  2nd  Belief,  12  till  4  A.M.,  Keith. — Galleries  were  driven  from  shaft*  A  and  B,  right 
and  left,  7  ft.  and  9  ft.  long  respectively. 

3rd  Belief,  4  till  8  A.M.,  Lang. — A  party  of  men  was  employed  in  dcmnlirhtag  the  wall. 
Chambers  were  prepared  and  bamboos  laid  (as  in  all  the  other  mine*)  l<  r  ti.«  <  ntnnice4owiT 
mines.  The  whole  of  the  mines  were  now  ready  for  loading,  but  the  powder  had  not  y«-t  «rm«l 

Wh  January. — At  3  P.M.  this  afternoon  the  party  of  Engineers,  after  can-fully  clewing  all  the 
openings  of  the  shafts  and  galleries,  was  marched  back  to  Futtehghur  ramp. 

Remarks. — The  whole  of  the  work  had  thus  been  carried  on  without  interruption,  th*  aofl  befof 
very  easily  worked,  and  being  evidently  nil  made  earth.  No  sheeting  had  been  required,  ri- 
cepting  in  the  left  gallery  at  the  right  entrance  tower,  where  the  earth  fell  in.  The  whole  of  the 
mines  were  ready  for  charging  in  forty-eight  hours,  with  the  exception  of  that  in  gallery  O,  where  tho 
pucka  masonry  gave  great  trouble.  The  dimensions  of  all  the  galleriea  were  8  ft.  6  in.  by  2  ft  6  in. 

13th  January.— A  detail  of  the  Engineer  Brigndo  left  camp  at  5.30  A.M.  to  load  the  mine*  at 
the  Fort,  namely,  2  officers,  2  sergeants,  and  82  rank  and  file :  and  1  officer,  ami  24  oatire  »|-|-  r». 
12  of  the  sappers  were,  however,  afterwards  withdrawn  to  be  employed  elsewhere. 

The  charges  were  placed  as  follows : — 


In  B  gallery  at  a1 
C        „          a 

G        „          a 
H  a' 


1050  Ibs.  of  Native  powder. 
(  800     „      English      „ 
(     f)9     „      Native        w 
874      „      English      ,. 

1050  Natire       „ 


2MS 
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180  Ibs.  of  Native  powder. 

810 

310 

180 

180 

180 

180 

258  English 

258 

180  Native 

Approximation. — For  English  powder  and  length  of  16  ft.  of  least  resistance,  we  have  16  cubed 
=  4096,  and  JU  of  4096  =  614  Ibs.  of  gunpowder,  which  may  be  put  =  620,  the  half  of  which  is 
310  Ibs. 

The  charges  were  placed  in  boxes  where  practicable,  the  hose  was  laid  in  bamboos,  and  the 
whole  was  carefully  tamped. 

The  galleries  took  most  time  in  loading  and  tamping,  and  were  not  ready  till  7  P.M.,  whilst 
the  shafts  were  finished  by  4  P.M. 

The  firing  was  put  off  till  the  next  morning,  when  the  hoses  of  all  the  shafts  were  brought  to 
one  focus  R.  There  was  one  focus  for  each  tower,  the  length  of  hose  for  each  being  5  ft.  less  than 
that  for  the  upper  focus,  to  allow,  if  possible,  a  few  seconds  elapsing  between  the  two  explosions. 
The  hose  was  lighted  at  the  three  foci  at  the  same  time,  at  the  sound  of  the  bugle,  and  the  explo- 
sions were  very  nearly  simultaneous,  with  the  exception  of  that  of  one  mine,  marked  X,  Fig.  1143, 
which  did  not  take  place  till  30  seconds  after  the  others. 

The  demolition  was  complete,  and  the  object  desired  was  attained,  which  was  to  leave  a  pretty 
practicable  ramp  from  the  outside  into  the  interior. 

There  is  no  doubt  that  if  more  time  had  been  allowed,  or  more  men  had  been  procurable,  the 
demolition  might  have  been  effected  by  the  expenditure  of  one-half  of  the  quantity  of  powder 
used ;  but  it  must  be  borne  in  mind  that  Scratchley's  instructions  were  to  have  everything  ready 
in  forty-eight  hours,  and  native  powder  was  to  be  had  in  abundance. 

The  mines  at  the  entrance  gateway  were  not  loaded,  but  remained  ready  to  be  charged  at  some 
future  time. 

Statement  of  the  Expenditure  of  Powder,  Hose,  $c. 

2  charges  of  1050  Ibs.  each,  total  2100  Ibs.,  Native  powder. 


1674  Ibs.,  English 

99  Ibs.,  Native 
1080  Ibs.,       „ 
620  Ibs.,       „ 
516  Ibs.,  English 


874  \ 
800  / 
99 
180 
310 
258 

Total,  2190  Ibs.  of  English  powder. 
„      3899  Ibs.  of  Native        „ 
„        848  feet  of  £-inch  hose. 
„  2  port-fires. 

Taking  the  line  of  least  resistance  =  18  ft.,  then  18  cubed  =  58S2,  and  fifo  of  5832  =  1050  Ibs. 
of  powder  nearly.  The  other  charges  were  calculated  in  a  similar  manner. 

Memorandum. — Partial  Destruction  of  a  Wall  by  means  of  Small  Charges. — This  wall  was  11  ft. 
high,  2  ft.  thick,  and  about  160  ft.  long.  There  were  two  piers,  6  ft.  square,  one  on  each  side  of  an 
entrance  at  the  centre  of  the  wall ;  these  were  built  much  better  than  the  remainder  of  the  wall, 
which  had  been  constructed  with  bricks  and  a  little  mud,  mortar  being  found  only  in  the  foun- 
dation. 

Ten  charges,  of  5  Ibs.  each,  were  placed  along  the  wall,  at  intervals  of  10  ft.,  and  were  lodged 
as  nearly  as  possible  2  ft.  below  the  surface  of  the  ground,  and  under  the  centre  line  of  the  wall. 
One  charge  of  10  Ibs.  was  placed  in  each  pier,  2  ft.  6  in.  below  the  level  of  the  ground,  and  under 
its  centre. 

The  piers  were  completely  thrown  down,  without  violence:  all  the  other  charges,  with  the 
exception  of  three,  failed ;  some  blowing  out  the  tamping  and  making  a  small  breach  in  the  wall, 
others  throwing  out  the  foundation  and  earth  on  the  other  side,  but  failing  to  bring  down  the 
wall,  or  any  part  of  it.  Four  more  charges,  of  5  Ibs.  each,  were  placed  equidistant  between  the 
former,  which  completely  destroyed  the  part  where  they  were  lodged. 

The  remainder  of  the  wall  was  picked  and  thrown  down  by  about  twelve  men  in  a  very  short 
time,  and  other  portions  of  the  walls  around  were  thrown  down  in  the  same  manner. 

The  powder  made  use  of  was  native,  and  undoubtedly  of  inferior  strength  to  that  of  European 
manufacture. 

Blasting  was  not  tried,  as  the  nature  of  the  wall  did  not  admit  of  it.  Had  Scratchley  known 
that  it  was  so  very  rotten,  he  would  have  had  the  whole  of  it  picked  down. — '  Papers  of  the  Corps 
of  Royal  Engineers'  vol.  viii. 

Bickford's  fuze  is  generally  employed  in  blasting  operations.  See  FrzE-MAKiHG  MACHINE. 
Blasting  with  Large  Charges  of  Gunpowder  at  ffolyhead,  1860:  by  Col.  Hamilton,  E.E. — The  quarries, 
opened  and  worked  for  the  harbour-works,  were  situated  on  the  declivity  of  the  Holyhead  Moun- 
tain, at  about  1500  yds.  distance  from  and  in  rear  of  the  land  end  of  the  breakwater ;  the  portion 
thereof,  120  ft.  by  40  ft.,  and  90  ft.  in  height,  on  this  occasion  operated  on,  was  formed  of  quartzose 
schist,  extremely  hard,  and  weighing  about  If  cwt.  to  the  cubic  foot,  stratified  in  lines  extending 
from  N.E.  to  S.W.,  a  little  overhanging  to  S.E.,  but  nearly  vertical,  with  numerous  joints  in  that 
and  other  directions  throughout  the  whole  mass. 
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An  entrance  gallery,  Figs.  1149,  1150,  5  ft.  6  in.  by  3  ft.  6  in.,  was  driven  from  the  foe  at  UM 
rock,  commencing  at  a  height  of  12  ft.  above  its  base,  with  a  view  to  gain  an  efficient  line  of  tamp- 
ing  resistance,  a  favourable  joint  in  the  line  of  strata  having  been  taken  advantage  of  to  the  extrnt 
of  34  ft.,  where  a  shaft,  3  ft.  6  in.  by  3  ft.  6  in.,  was  sunk  to  the  depth  of  14  ft  G  in. ;  frum  tbu, 
level  galleries,  5  ft.  6  in.  by  3  ft.  G  in.,  were  driven  right  and  left,  the  former  to  the  extent  of 
49  ft.  9  in.,  and  the  latter  56  ft.  6  in.,  with  a  length  of  43  ft.  6  in.  of  headings  and  chamber*  of 
similar  dimensions,  as  illustrated  in  the  accompanying  plan  and  elevation.  The  gmlK-rie*.  •hafU.  and 
so  on,  were  worked  out  by  blasting,  necessitated  by  the  hard  nature  of  the  rock ;  and  the  inereaMd 
size  given  to  these  communications  above  that  generally  adopted  was  with  a  Tiew  to  enable  the 
miners  to  strike  with  more  freedom  and  effect,  the  extra  excavation  being  more  than  oompenjated 
by  the  facility  of  working.  The  chambers  were  formed  by  slightly  enlarging  the  abort  return- 
headings,  and  were  placed  from  2  to  3  ft.  below  the  level  of  the  ground  or  rail  line  in  front  of 
the  quarries,  to  ensure  the  bottoms  of  the  face  acted  upon  being  well  lifted,  aa  want  of  attention 
to  this  particular  before  a  former  explosion  led  to  considerable  subsequent  labour  in  removing  * 
portion  of  stone  left  standing. 

11-19.  1150. 
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to  the  mouth  of  the  gallery  in  the  face  of  the  rock  :  it  apparently  answered  its  intended  purpose 
admirably. 

The  battery  employed  to  fire  the  charges  was  that  known  as  Grove's.  It  had  32  cells,  and 
platinum  plates,  8  in.  by  6  in.,  in  nitric  acid,  in  porous  cells  surrounded  by  diluted  (G  to  1)  sul- 
jilmric  acid  ;  it  was  placed  on  the  top  of  the  clin",  and  directly  in  rear  of  the  line  of  chambers, 
300  ft.  distant  from  the  upper  edge  of  the  former;  two  copper  wires  connected  the  battery  with 
each  charge,  extending  from  the  latter  through  the  galleries  directly  up  the  face  of  the  el  ill'  ami 
on  to  the  colls,  where  the  four  positive  were  united,  as  well  as  the  four  negative.  To  the  extremi- 
ties of  the  copper  wires  at  the  charges  were  attached  platinum  wire  about  $  in.  in  length,  protected 
by  a  wooden  block,  round  which  block  a  small  bag  of  fine  or  sporting  powder  was  tied  and  intro- 
duced into  the  large  bags  of  powder  before  mentioned. 

The  total  quantity  of  powder  used  in  the  explosion  was  12,000  Ibs.,  placed  in  four  charges, 
amounting  respectively  to  4000,  3000,  2300,  and  2700  Ibs.,  with  lines  of  least  resistance  2'.'  it., 
32  ft.,  22  ft.,  and  24  ft.  6  in.,  as  shown  in  Figs.  1149,  1150  ;  these  respective  charges  were  not  cal- 
culated by  any  specific  formula  founded  on  the  lengths  of  the  lines  ef  least  resistance,  but  a 
certain  number  of  pounds  of  gunpowder  a  ton  of  rock  to  be  removed  was  allowed,  according"  to 
the  particular  features  and  tenacity  of  the  portion  to  be  acted  on  (in  the  present  instance  1  Ib.  of 
gunpowder  to  3  tons  of  rock);  this  calculation  was  based  upon  the  experience  gained  from 
numerous  previous  explosions  of  a  similar  character  carried  out  at  different  parts  of  the  quarries. 
In  some  cases,  1  Ib.  of  gunpowder  was  found  sufficient  to  remove  only  2  tons,  in  other  cases  it 
has  proved  adequate  to  displace  4  tons  of  stone. 

Shortly  after  the  hour  appointed  (twelve  o'clock),  the  mines  were  fired  on  a  signal  with  most 
successful  results ;  the  rock  a  little  above  its  base  was  seen  to  bulge  slightly  outwards,  and  then 
tumble  to  pieces,  emitting  much  smoke,  and  the  superincumbent  mass  gently  sliding  down, 
separated  into  various  sized  blocks ;  a  perfect  volley  of  email  stuff,  mostly  the  tamping,  shot 
horizontally  along,  close  to  the  ground,  directly  in  front  of  the  face  of  rock,  to  a  distance  of 
about  250  ft.,  covering  the  surface  with  a  coating  of  fine  damp  clay,  separated  into  small  particles 
like  sand ;  no  stones  of  any  magnitude  were  thrown  out  beyond  the  general  debris,  which  was  con- 
fined to  a  width  of  125  ft.  from  the  original  face  of  the  quarry. 

The  total  quantity  of  rock  removed  was  about  40,000  tons,  which  gives  3^  tons  to  the  pound  of» 
gunpowder  used.  The  report  on  the  effect  of  a  similar  explosion  in  January,  1857,  shows  that  7J 
tons  the  pound  of  gunpowder  were  then  brought  down,  or  nearly  double  the  quantity  removed  by 
each  pound  on  this  occasion ;  and  on  reference  to  the  accompanying  plan  it  will  be  observed  that 
if,  instead  of  the  charge  of  4000  Ibs.,  a  smaller  one  had  been  employed,  the  effect  would  probably 
etill  have  extended  as  far  as  the  joint  at  that  end,  and  also  that  a  slight  addition  to  the  charge  of 
2700  Ibs.  at  the  other  end  would  have  caused  the  fall  of  all  the  portion  as  far  as  the  recess,  which 
is  described  as  much  shaken.  It  may  also  be  remarked  that  the  cliff  brought  down  in  January, 
1857,  was  25  ft.  higher  than  that  here  described ;  also  that  the  strata  of  the  former  were  hori- 
zontal, whilst  those  of  the  latter  were  vertical ;  and,  on  the  other  hand,  that  the  blocks  forming 
the  debris  of  the  latter  were  smaller,  and  more  suitable  for  building,  than  those  of  the  former ;  it 
is  evidently,  therefore,  difficult  to  fix  any  rules  for  determining  the  quantity  of  powder  required, 
especially  where  hidden  joints  exist  which  limit  its  effects. 

The  miners  were  but  little  impeded  by  wet  or  damp ;  the  gallery  was  driven  with  a  slight 
inclination  upwards  to  allow  any  water  met  with  to  find  its  way  out.  Whenever  damp  holes  had 
to  be  fired,  pitched  bags  or  cases,  capable  of  holding  3  to  5  oz.  charges,  were  used ;  the  smoke  from 
the  firing  of  the  blasts  and  foul  air  were  removed  by  a  rotatory  blower  worked  by  a  boy  at  the 
mouth  of  the  heading,  and  a  canvas  pipe  conveyed  the  fresh  air  to  the  chambers. 

The  powder  was  brought  to  the  mouth  of  the  gallery  in  casks  (containing  from  50  to  100  Ibs.), 
and  there  emptied  into  canvas  bags  capable  of  holding  50  Ibs. ;  these  bags  were  then  passed  from 
hand  to  hand  by  men  placed  at  intervals  in  the  galleries,  to  the  respective  chambers,  where  they 
were  discharged  into  larger  bags  previously  lodged  there,  to  the  extent  required,  after  which  some 
old  powder-cask  sackings  were  thrown  round  and  over  them. 

The  clay  for  tamping  was  brought  to  the  mouth  of  the  main  gallery  in  wagons,  and  wheeled 
through  it  on  planks  to  the  shaft,  where  it  was  thrown  down,  and  conveyed  from  the  bottom 
thereof  in  a  similar  manner  to  the  headings.  This  method  was  found  to  require  less  time  and 
labour  than  any  other  known  to  the  engineer.  The  whole  of  the  tamping  was  performed  in  42 
hours  by  25  labourers. 

The  copper  wires  leading  from  each  charge  were,  throughout  their  course  in  the  tamping, 
lapped  round  with  calico  and  tar-bands,  great  care  having  been  taken  when  tamping  about  them. 
This  method  was  preferred  to  that  of  using  wooden  casings,  and  gave  much  freedom  and  ease  ia 
turnings  at  the  angles  and  bends  in  the  headings. 

Grove's  Battery. — 32  porous  cells ;  32  zinc  plates  ;  32  platinum  plates ;  82  gutta-percha  troughs ; 
mahogany  case  for  box,  quicksilver,  and  poles ;  2£  gallons  nitric  acid  to  fill  the  cells ;  |  gallon 
sulphuric  acid. 

Wires.— S  copper  wires  from  the  battery  to  the  charges,  including  calico  lapping  and  tar- 
bands  :— 8  x  500  ft.  =  4000  ft.,  and  800  ft.  of  wire  weighing  28  Ibs.,  4000  ft.  =  140  Ibs. 

The  time  occupied  in  driving  the  galleries,  shafts,  and  so  on,  was  about  9  months,  the  rate  of 
progress  averaging  1  foot  the  day  of  24  hours,  and  8  miners  working.  Powder  used  in  blasting 
(3  Ibs.  a  foot),  210  x  3  =  630;  1  in.  of  fuze  a  foot  =  210  ft. ;  6  Ibs.  of  candles  a  week,  36  x  6  = 
216 ;  30  bags  or  tarred  cases. 

Thus  it  would  appear  that  40,000  tons  of  stone  were  procured  at  an  expense  of  6691.  10s.  6d.,  or 
about  id.  per  ton. 

At  a  point  150  yards  in  front  of  the  cliff,  the  report  was  not  loud,  it  resembled  the  sound  of 
rery  distant  thunder. 

Application  of  the  Galvanic  Battery  to  Military  Purposes,     Taken  from  H.  Ward's  paper,  'Profes* 
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atonal  Papers,  R.E.,'  1855.— The  inquiry,  whether  the  explosion  of  charges  of  powder 
agency  could  be  made  generally  applicable  to  engineering  ourpooes  in  the  field.  • 
to  divide  itself  into  the  following  heads : — An  inquiry 
1st.  Into  the  motive  power. 

2nd.  Into  the  conducting  medium,  or  the  means  by  wnich  that  power  could  be  con  voted  to  • 
distance. 

3rd.  The  construction  of  bursting  charges  to  produce  the  desired  explosion 

4th.  How  the  power  obtainable  could  be  best  applied  to  the  explosion  of  a  number  of  minaa 
simultaneously. 

Motive  Poicer.—The  inquiry  into  the  motive  power  arranges  itself  under  the  following  rob- 
divisions : — 

1st.  The  determination  of  the  principle  by  which  voltaic  action  could,  on  the  whole,  be  •Ml 
effectually  produced ;  that  is,  the  determination  of  that  combination  of  metals  and  acids  whtrj 
while  it  comprises  such  as  are  generally  procurable  at  a  moderate  expense  and  are  safe  to  »fiH 
would  exhibit  the  greatest  power. 

2nd.  The  most  economical  arrangement  of  these,  as  to  size  and  numbers ;  so  that  the  power 
required  should  be  produced  out  of  the  smallest  bulk,  and  at  the  least  tint 

3rd.  The  general  simplification  of  the  arrangement  of  cells  and  plates,  so  as  to  admit  of  their 
easy  repair  or  replacement ;  the  arrangement  to  combine  portability  and  facility  in  eliarging  and 
dismantling ;  the  whole  to  admit  of  being  readily  packed  and  put  together ;  to  be  durable,  having 
as  few  parts  as  possible  liable  to  deterioration  by  keep  or  use,  and  those  such  as  to  admit  of  many 
spare  ones  being  carried  with  the  apparatus,  and  easily  procurable  anywhere. 

4th.  To  reduce  the  manipulation  to  a  mere  mechanical  process,  requiring  in  the  application  no 
chemical  or  scientific  knowledge  to  work  it  effectually. 

Conducting  Medium. — The  inquiry  respecting  the  conducting  medium  naturally  embrace*  the 
best  metal  for  the  purpose  and  the  most  desirable  thickness  under  every  circumstance;  a  ready 
mode  of  ascertaining  the  conducting  power  of  any  description  that  might  be  procured  on  thtejuft 
in  an  emergency;  the  degree  of  isolation  required  to  preserve  the  strength  of  the  circulating 
current,  the  best  covering  to  effect  this  perfectly,  and  the  cost  of  the  most  approved. 

Bursting  Charges. — The  most  approved  bursting  charge  to  be  ascertained ;  whether  that  formerly 
made  with  a  thin  platinum  or  iron  wire,  or  that  discovered  by  Brunton,  where  an  inflammable 
compound  is  obtained  seemingly  by  a  combination  of  copper,  sulphur,  carbon,  and  gutta-percha. 

In  the  former,  the  best  length  and  thickness  of  platinum  or  iron  wire,  and  the  most  desirable 
construction  for  bursting  charges  under  sucli  circumstances;  in  the  latter,  the  most  aj 
compound,  and  the  readiest  method  of  making  it. 

Simultaneous  Firing. — How  far  the  power  obtainable  by  voltaic  agency  can  be  applied  to  the 
explosion  of  a  number  of  charges  simultaneously  by  each  description  of  bursting  charge,  and  the 
best  arrangements . for  this  purpose;  the  rules  deduced  from  scientific  inquiry  that  should  be 
the  guide  in  considering  such  arrangements,  and  how  far  they  must  be  modified  in  practice. 

As  the  whole  of  the  investigation  is  based  on  the  theory  of  voltaic  circuits,  propounded  by 
Professor  Ohm,  of  Nuremberg,  of  which  a  translation  is  to  be  found  in  Taylor's  'Scientific 
Memoirs,'  June,  1840,  we  cannot  expect  to  be  generally  intelligible,  unless  we  preface  the  ei peri- 
mental  results  with  a  notice  of  the  principles  established  by  him,  and  the  conclusions  dedudbM 
therefrom. 

In  considering  a  voltaic  arrangement  of  one  pair,  say  zinc,  platinum,  and  dilute  sulphuric 
acid  with  the  circuit  closed,  Ohm  has  shown  that  the  force  of  the  current  in  circulation  is  <: 
as  the  sum  of  the  electro-motive  forces,  and  inversely  as  the  sum  of  the  resistance  to  its  circulation. 

By  the  sum  of  the  electro-motive  forces  is  meant  the  excess  of  affinity  of  the  tine  for  one  of  UM 
elements  of  the  solution,  as,  for  example,  the  oxygen  of  the  water  in  the  above  case,  over  all  other 
counteracting  agencies :  this  force  therefore  being  entirely  independent  of  the  tut  of  (A«  flat*,  and 
subject  solely  to  the  nature  of  the  metals  and  liquids  in  voltaic  combination. 

By  the  term  excess  of  affinity  it  is  understood  that  if  zinc  is  put  in  sulphuric  acid  and  water, 
the  zinc  decomposing  the  latter,  the  cause  of  the  decomposition  must  be  that  the  affinity  of  UM 
zinc  for  oxygen  is  in  excess  of  that  of  the  hydrogen  for  the  oxygen,  with  which  it  is  in  UM  ft 
place  combined.  It  is  this  excess  that  in  this  particular  case  is  called  the  sum.  In  many  combi- 
nations of  metals  and  liquids,  as  in  a  Daniell  or  Grove,  this  excess  is  the  result  of  more  com- 
plicated forces,  but  in  all  cases  the  sum  of  the  electro-motive  forces  is  intended  t>  expra*  this 
excess.  A 

By  resistance  is  intended  the  obstacle  opposed  to  the  passage  of  the  electric  cum 
stances  through  which  it  has  to  pass.    It  is  the  inverse  of  what  is  termed  conducting  p>>« 
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are  in  the  habit  of  talking  of  conducting  instead  of  resisting  power,  but  it  will 
an  equally  accurate  conception,  to  view  all  conducting  media  in  tin-  IL-lit  »f  r< 
the  passage  of  electricity,  as  to  consider  them  conductors  aiding  its  circulation, 
in  nature  are  perfect  conductors,  consequently  some  electric  excitement  is  lost  I 
transmission  from  particle  to  particle  ;  and  it  seems  as  rational  therefore  to  a«crib« 
rienced  to  a  resisting  agency,  as  to  attribute  the  quantity  obtained  to  a  favouring  one 

Let  F  then  represent  the  force  of  the  current  in  circulation,  which  it  roiurt 
from  what  has  been  before  stated  in  the  first  part  of  this  paper,  is  equal  in  all  fttmiT 
Let  E  =  the  sum  of  the  electro-motive  forces,  and  B  =  the  sum  of  the  raMMMM.    . 

F..J.     ..  01 

The  resistance  R  in  an  ordinary  voltaic  pair  is  made  up  of  two  principal  and  *>me  it 
able  portions.    The  former  include  the  resistance  of  the  wire  completing  the  I 
the  liquid  intervening  between  the  plates. 
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The  resistance  of  the  conducting  wire  which  we  call  w,  varies  directly  as  its  length  (/),  and  its 
specific  resistance  (s)  ;  and  inversely  as  the  area  of  its  section  (a).  Or, 

tl 

»  =  T-  M 

The  resistance  of  the  intervening  liquid,  which  we  will  call  L,  varies  directly  as  its  specific 
resistance  (S),  and  the  thickness  of  the  stratum  (T)  ;  and  inversely  as  the  surface  of  the  plate  in 
contact  with  it  (A).  Or, 

T        ST 

L  =  -A-  m 

By  specific  resistance  is  meant  the  resistance  due  to  the  nature  of  the  liquid  employed,  and  the 
term  is  used  in  the  same  sense  as  we  speak  of  specific  gravity. 

In  fact,  Ohm  assumes  that  every  atom,  whether  of  liquid  or  wire,  is  capable  of  receiving 
excitement  from  the  one  before  is  in  the  circuit,  and  parting  with  it  to  the  next  in  succession  ;  thai 
a  loss  occurs  in  the  transmission  depending  on  the  differences  of  the  electric  forces  existing  in  the 
two  adjacent  atoms;  just  as  in  the  theory  of  heat  the  transmission  of  caloric  between  two  particles 
is  regarded  as  proportional  to  the  difference  of  their  temperatures.  From  this  the  laws  in  equa- 
tions [2]  and  [8]  seem  obviously  deducible.  • 

There  are  other  resistances  in  an  ordinary  voltaic  circuit,  namely,  that  of  the  plates  themselves, 
and  of  the  metallic  connections  between  each  pair,  when  a  number  are  combined  in  series  ;  but 
the  great  sectional  area  and  short  length  of  them  make  their  absolute  resistance,  when  compared 
with  the  rest  of  the  circuit  insignificant.  They  do  not  require  a  separate  consideration. 

The  resistance  R  then  consists  of  L  and  w,  or 

m 

Now,  instead  of  completing  the  circuit  by  a  wire,  let  the  plates  of  a  pair  be  connected  by  a 
medium  whose  resistance  is  insignificant,  and  equation  [4]  becomes 

F  =  T'  ra 

representing  the  free  circulation  in  a  voltaic  pair,  when  v>  = 

If  n  such  pairs  are  arranged  in  series,  the  first  zinc  and  the  last  platinum  being  brought  in 
contact  by  a  substance  whose  resistance  is  insignificant,  we  shall  then  have  n  electro-motive  forces, 
but  also  n  resistances  ;  so  the  value  of  F  will  remain  unchanged,  for 

F  =  -^  =  T;  m 

n  L        L 

but  there  can  now  be  added  n  times  as  much  resistance  of  wire  as  could  be  borne  in  equation  [4], 
without  diminishing  the  value  of  the  force  F  below  that  which  it  represented  there,  for 

"E 


—  — 
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When  the  galvanic  circuit  is  divided  and  circulates  at  the  same  time  through  two  or  more 
branches,  the  force  of  the  current  through  each  will  be  in  the  inverse  ratio  of  its  resistance  ;  thus, 
if  r  and  r'  be  the  resistances  of  the  two  portions  or  branches  of  a  conducting  medium  through 

which  the  current  passes,  —  and  -7-  will  be  the  proportional  force  of  the  current  in  each,  and 

their  sum  -  —  will  be  that  of  the  current  passing  through  both  ;  therefore  -  r  will  represent 

the  resistance  of  a  medium  that  could  be  substituted  for  both,  and  not  diminish  the  amount  of 
circulating  force. 

It  is  very  important  to  bear  in  mind  the  law  relative  to  divided  currents,  as  it  particularly 
concerns  arrangements  for  simultaneous  firing.  We  are  too  ready  to  assume  that  electricity  selects 
for  itself  the  readiest  path,  utterly  rejecting  inferior  means  of  conduction  but  with  respect  to  the 
circulation  of  voltaic  currents,  this  idea  is  decidedly  erroneous,  and  the  converse  is  capable  of  easy 
practical  demonstration. 

These  are  the  points  of  Ohm's  theory  that  most  immediately  concern  us  ;  let  us  now  see  what 
conclusions  are  deducible  from  it. 

E 

Referring  to  equation  [1],  F  =  -s-  ,  it  is  evident  that  in  a  voltaic  arrangement,  the  nature  of 

K 

whose  metals  and  liquids  has  been  decided  on,  the  force  F  is  entirely  dependent  on  the  magnitude 
of  R,  or  the  resistance  offered  to  the  circulation  of  the  current  as  when  R  decreases,  F  increases, 
and  when  R  =  o,  F.  =  oo  ,  which  implies  that  whatever  arrangement  of  plates  and  acids  may  be 
made,  if  the  resistance  can  be  reduced  to  o,  the  power  obtainable  is  infinite.  That  this  is  true  may 
be  explained  in  this  way.  It  will  be  remembered  that  it  was  shown  (see  BATTERY)  to  be  essential 
to  the  flow  of  a  continuous  current,  in  an  arrangement,  for  example,  of  zinc,  copper,  and  dilute 
sulphuric  acid,  that  the  zinc  should  be  oxidized,  the  sulphuric  acid  should  combine  with  the  oxide 
to  form  a  sulphate,  and  the  salt  should  be  removed  by  dissolution  in  water,  leaving  all  things 
in  statu  quo  for  a  new  set  of  actions.  Now,  though  these  are  described  as  subsequent  operations, 
where  no  restraint  is  offered,  they  all  take  place  at  the  same  instant. 

Now  when  R  =  o,  the  initial  force  F  is  dependent  on  the  value  of  E,  which  represents  the 
excess  of  affinity  of  the  positive  metal  for  one  of  the  elements  of  the  solution  over  all  counteracting 
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agencies,  and  is  therefore  limited ;  but  if  such  an  arrangement  were  made  that  the  limited  foire 
should  be  developed  again  and  again,  independent  of  time,  the  resultant  power,  of  coarse,  would 
be  infinite.  At  first  view  it  seems  as  if  the  combination  of  zinc,  platinum,  and  dilute  acid,  above 
described,  is  such  an  arrangement ;  and  as  far  as  the  chemical  action  is  concerned  ( if  we  leav*  oat 
of  consideration  the  adherence  of  the  hydrogen  to  the  negative  plate)  it  certainly  is,  but  than  is 
one  great  check  to  the  development,  which  can  be  diminished,  but  not  got  rid  of  altogether,  namely. 
the  resistance  of  the  liquid  to  the  passage  of  electricity  from  plate  to  plate.  As  there  most  I 
sarily  be  some  liquid  to  produce  excitement,  so  must  there  be  a  resistance  B ;  let  this  but 
a  value,  and  F  becomes  limited. 

The  development  of  an  unlimited  force  F  would  seem,  then,  to  be  prevented  by  the  rn 
offered  to  the  circulation  of  the  current.  It  may  be  considered  that  the  zinc,  for  instance,  on  being 
continually  attacked,  and  finding  a  difficulty  in  getting  rid  of  its  excitement,  becomes  so  charged 
that  it  resists  a  further  disengagement  of  electricity,  or,  which  is  equivalent,  resists  farther 
destruction,  that  is,  loses  its  affinity  for  oxygen,  till  it  can  be  restored  to  a  certain  state  of  quies- 
cence. JVe  have  a  case  analogous  to  this  in  electricity  produced  by  friction  in  an  electrical 
machine,  where,  in  order  to  obtain  an  unlimited  supply  of  positive  excitement  from  the  glass 
cylinder,  to  charge  Leyden  jars,  or  for  other  purposes,  it  is  necessary  to  connect  the  negative  prime 
conductor  with  the  ground,  to  carry  off  a  portion  of  the  high  negative  excitement  produced  in  it 
by  the  friction  it  being  well  known  that  if  this  was  not  so  connected  it  would  become  so  highly 
charged  as  to  resist  further  disengagement  of  excitement.  I  have  here  given,  says  Ward,  this  theo- 
retical view  of  the  varying  value  of  F,  to  bring  before  the  mind  the  fact  that  the  force  of  the  current 
circulating  is  controlled  only  by  the  value  of  R,  and  that  I  conceive  it  to  be  true  that,  mUovl  a*} 
limitation,  so  long  as  R  is  decreased  F  will  increase. 

The  value  of  R  is,  as  has  been  stated,  composed  of  two  parts,  namely,  the  resistance  of  the 
exciting  liquid  and  of  the  metallic  wire  closing  the  circuit ;  and  how  these  can  bo  diminished  in  a 
simple  voltaic  pair  we  shall  find  by  referring  to  equations  [2]  and  [8]. 

From  equation  [3]  we  can  diminish  the  resistance  of  the  liquid  stratum,  by  bringing  the  plates 
nearer  together,  by  substituting  an  exciting  solution  whose  specific  resists  nee  is  less,  or  by 
increasing  the  size  of  the  plates  in  each  cell. 

From  equation  [2]  the  resistance  of  the  conducting  wire  in  a  simple  voltaic  pair  can  be  dimi- 
nished, by  substituting  a  metal  whose  specific  resistance  is  less,  by  shortening  the  length  of  the 
wire,  or  by  increasing  the  area  of  its  section. 

Diminishing  the  distance  between  the  plates  in  each  cell  by  one-half  or  one-tin 
us  to  diminish  the  size  of  each  plate,  and  therefore  their  weight,  by  one-half  or  oue-third,  without  a 
loss  of  power.  .        . . 

Increasing  the  section  of  the  conducting  wire,  or,  which  is  the  same  thing.  inor<™ 
weight  per  yard,  will  permit  its  length  to  bs  similarly  increased,  without  diminishing  the  valix 
of  F. 

In  the  equation  F  =  _—  —  •  taken  as  representing  the  condition  of  a  circulating  force  F  in  a 
determined  combination  of  metal  and  acid,  wo  have  seen  that  F  can  only  be  increased  by  the 


by  which  L  can  be  diminished,  and  opposing  that  by  coo  of 

these  it  has  been  reduced  to  —  its  value,  the  equation  of  the  voltaic  pair  becomes 

E  nE 
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there  is  yet  another  mode  of  reducing  the  resistance. 

For  instance,  if  it  is  desired  to  reduce  «  to  -J-  th  ito  present  value,  it  is  readily  di 
bining  n  voltaic  pairs  in  series,  and  applying  them  to  circulate  the  current  through*: 


then  stands,  *  nE 

= 
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There  are  here,  then,  two  modes  of  increasing  the  force  F,  and  the  qucrtion  ii,  which  to  the  gre 

F'  or  F",  that '  E  E 

TT 
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placing  several  pairs  in  series. 
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This  is  a  most  important  principle  to  bear  in  mind  (as  will  be  hereafter  shown)  whan  making 
an  arrangement  for  the  explosion  of  a  series  of  charges ;  for  by  a  simple  alteration  of  the  dispo- 
sition of  cells,  effects  can  be  produced  which  without  the  knowledge  of  this  principle  would  be 
unaccountable. 

The  rule  above  made  evident  is  supported  by  practice.  In  electro-plating,  where  the  metallic 
portion  of  the  circuit  is  short  aud  ample  in  size,  experience  has  taught  that  it  is  more  profitable 
to  increase  the  size  of  the  pair  in  action.  But  in  the  explosion  of  charges  of  powder  at  long 
distances,  where  the  metallic  resistance  is  usually  extensive,  it  is  found  more  economical  to  arrange 
plates  in  series. 

The  explanation  usually  given  for  the  necessity  of  different  arrangements  for  the  two  pur- 
poses is,  that  in  electro-pliiting  a  quantity  of  electricity  is  required,  while  in  exploding  chunks 
intensity  is  essential.  Intensity  of  heat  (for  this  is  one  of  the  forms  in  which  electricity  can 
be  made  apparent)  is  a  property  partly  dependent  on  the  quantity  of  heat,  and  partly  on  the 
space  it  occupies.  An  increase  of  intensity  can  be  obtained  by  putting  the  same  quantity  into  less 
space.  The  same  quantity  of  caloric  applied  to  a  12  and  24  Ib.  shot  would  produce  heat  of  various 
degrees  of  intensity.  Intensity,  therefore,  is  directly  and  entirely  dependent  on  the  space  into 
which  a  given  quantity  of  heat  is  compressed,  not  upon  nn  arrangement  of  cells  in  series.  It  would 
be  equally  correct  to  say  that  increasing  the  size  of  a  voltaic  pair  would  increase  the  intensity,  as  to 
ascribe  that  power  to  the  accumulation  of  cells  in  series.  In  fact,  both  these  arrangements  have 
that  power,  as  we  can  imagine  the  same  force  F  being  made  to  circulate  by  each  mode  in  the  same 
combination  of  metals  and  acid — though  in  one  case  by  an  arrangement  in  series,  and  in  the  other 
by  having  one  large  voltaic  pair — and  through  two  wire  circuits  identical  in  their  size,  length, 

n  E 
and  conductibility.      In  the  former,  assuming  n  cells  to  be  placed  in  series,  F  =  — =—  — ; 

•pi 

anJ  in  the  latter,  w  and  E  being  of  the  same  value  as  above,  F  =  ^7— — .      And  for  both 

L  +  w 

these  values  to  be  equal  it  ia  only  necessary  that  L'  should  equal  L w,  which  value  is 

n 

obtainable  by  a  proportional  increase  of  one  pair  of  plates,  as  long  as  —    —  w  is  less  than  L. 

n 

E 

The  same  force  F,  then,  whether  caused  to  circulate  by  the  conditions  expressed  by  =-;— —  or 

Ll    -\-  W 

nE 

— — • — ,  will  exhibit  the  same  intensity  on  similar  parts  of  two  identical  wire  circuits,  and  the 
n  L  +  w 

property  of  producing  intensity  is  thus  shown  not  to  be  confined  especially  to  either  arrangement. 

To  produce  any  required  intensity  it  is  necessary  to  get  the  requisite  quantity  into  the  given 
space,  and  this  can  only  be  done  by  overcoming  the  obstacles  to  its  transmission.  There  are  two 
descriptions  of  resistance  to  overcome,  namely,  that  of  the  connecting  wire  and  that  of  the  liquid, 
and  it  depends  on  their  comparative  power  which  it  is  most  desirable  to  diminish  ;  the  former  can 
be  lessened  most  readily  by  accumulating  cells  in  series,  and  the  latter  by  increasing  the  size  of 
the  plates. 

It  is  practically  true  thnt  in  the  explosion  of  charges  at  long  distances  the  required  intensity  onn 
only  be  obtained  by  accumulating  cells  in  series  •  but  the  reason  of  this  is  evident,  namely,  that  in 

E 

equation  F  =  — ,  even  if  the  resistance  L  by  the  increase  of  the  size  of  the  plate  be  reduced  to 

L'  +  w 

an  insignificant  value,  that  of  w  may  still  be  too  great  to  admit  of  the  required  quantity  circulating 
through  all  parts,  and  then  plates  in  series  are  essential  to  reduce  the  value  of  u>,  as  by  that  means 
only  can  F  now  be  increased. 

The  converse,  however,  is  equally  true,  and  deserves  consideration.  Imagine  a  combination  of 
n  cells  arranged  to  overcome  a  resistance  w,  and  that  the  number  is  so  great  that  the  opposition  of 
w  has  been  practically  reduced  to  nothing,  or  the  equation  representing  the  value  F  standing  thus — 

F__nE_  _       E 
~~  nL  +  w  w 

L  +  ir 

in  which  —  is  so  insignificant  as  to  admit  of  its  being  left  out  of  the  consideration,  then  practically 
n 

E 

F  =  —  .    Now,  if  L  is  so  great  that  its  resistance  alone  will  not  permit  of  a  sufficient  quantity  of 

L 
force  circulating,  then  if  1000  or  10,000  cells  were  placed  in  series,  we  could  not  sensibly  increase 

E 
the  value  of  F,  for  it  could  only  approach,  but  never  could  equal  —  ;  to  obtain  sufficient  intensity 

in  this  case  it  would  then  be  essential  to  increase  the  size  of  each  plate  in  the  series,  for  by  that 
means  only  could  F  now  be  augmented.  These  considerations  are  important,  for  they  show  clearly 
that  there  is  a  limit  in  each  case,  beyond  which  we  can  get  no  appreciable  increase  of  power :  in 
the  one  no  further  increase  of  the  size  of  the  plates  will  increase  the  force,  unless  we  at  the  same 
time  increase  the  number ;  in  the  other  we  may  diminish  the  size  so  much  as  to  render  a  large 
number  placed  in  series  of  no  value. 

TJ 

Returning  again  to  equation  F  =  — = .     It  has  been  shown  that,  whatever  the  value  of  n, 

n  Li  +  w 

E  » 

F  cannot  equal  -=- ,  that  is,  the  electro-motive  force  of  one  pair  restrained  by  the  resistance  of  the  inter- 
Li 
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vening  liquid;  at  the  same  time  the  combination  -    -   has  the  power  of  circulating  the  Cone  P 

through  n  times  the  metallic  circuit  which  —  could,  for  P  = 

L  L  + 

theoretical  conclusions  admit  of  the  popular  explanation,  that  in  a  aerie*  of  cells,  with  plate*,  mj 
of  zinc  and  copper,  each  copper,  while  receiving  excitement  from  the  zinc  of  it*  own  cell,  re»to<« 
to  equilibrium  the  zinc  in  the  next,  or  that  to  which  it  is  metallically  connected  ;  that  !•«,  the  first 
copper  in  the  series  tranquillizes  the  second  zinc,  the  second  copper  the  third  zinc,  and  so  on  ;  and 
then  there  remains  only  the  first  zinc  and  last  copper,  which  require  to  be  connected  to  permit 
each  to  return  to  a  state  of  quiescence  ;  of  course,  then,  any  connection  uniting  these  two,  however 
small  its  resistance,  cannot  have  so  great  an  amount  of  electric  fluid  traversing  it  M  that  which  one 

voltaic  pair  is  able  to  produce,  or  that  expressed  by  —  -  • 

L 

At  the  same  time,  as  Ohm  has  shown  that  the  quantity  of  electric  fluid  travelling  by  two 
paths  to  the  same  destination  will  proceed  by  each  in  quantities  varying  in  the  inrene  ratio  of 
their  powers  of  resistance,  let  us  imagine  the  quantity  at  the  last  copper  plate  in  the  series  deairoas 
to  return  to  the  first  zinc,  and  that  the  zinc  and  copper  is  metallically  connected,  h**><1>g  a  lap  in 
mind  that  this  zinc  and  copper  are  connected  by  another  means,  that  is,  by  the  alternation  of  m«  UU 
and  acid  solutions,  both  conductors  intervening  between  them,  so  that  there  are  here  two  paths  by 
which  equilibrium  can  be  restored  ;  and  now  if  we  suppose,  first,  the  metallic  renuUncr  imupii 
able,  the  whole  of  the  electricity  will  return  by  the  liquid  ;  if  we  suppose  the  liquid  resistant*  to 
be  insuperable,  tranquillity  will  be  restored  wholly  by  means  of  the  metallic  road.  But  in  reality, 
as  neither  resistance  is  actually  insurmountable,  the  fluid  does  return  by  both  made  in  the  inverw 
ratio  of  their  resisting  powers.  Conceive,  then,  one  voltaic  pair  with  the  circuit  closed  by  a  wire 
of  any  given  length.  In  this  •  position  a  certain  amount  of  electric  force  is  proceeo  ing  from  the 
copper  to  the  zinc  by  the  wire,  the  remainder  returning  by  the  liquid,  the  proportion  depending  on 
the  resisting  powers  of  each  ;  if,  then,  we  increase  the  resistance  of  the  liquid  portion  *  times,  we 
can  proportionally  increase  that  of  the  metallic  portion  without  altering  the  abeolute  quantity 
proceeding  by  each  path.  In  a  combination  of  n  cells  the  former  ia  done,  and  then  we  are  enabled 
to  do  the  latter.  When  n  cells  are  used  in  series,  n  times  the  resistance  ia  oppoaed  to  the  return 
of  the  electric  fluid  at  the  last  plate  by  the  liquid  to  the  first,  for  it  has  to  traverse  n  thicknesses  of 
solution  and  n  pairs  of  metallic  plates,  and  so  we  can  add  on  n  times  aa  much  metallic  wire 
resistance  without  diminishing  the  quantity,  thereby  circulating  below  that  which  would  circulate 
through  the  original  length,  were  but  one  voltaic  pair  to  be  employed. 

This  passage  is  not  perhaps  quite  clear,  as  it  would  imply  that  an  increase  of  the  liquid 
resistance,  taken  by  itself,  would  allow  an  augmentation  of  the  wire  resistance  also.    At  page  538 

•p  n  F  E 

the  formula  explains  it,  as  it  is  shown  that  F  =  -=—  -  —  =  —  =—  -  ;  7      -  representing  the 

Li  -|-  tc       n  Lt  T  nv>      IJ-+-IP 

"CI 

conditions  of  a  single  pair,  and  -^—  -  that  of  a  series  of  n  pairs,  in  which  L  having  been 

n  L  +  n  w 

increased  n  times,  w  has  also  been  increased  in  the  same  proportion  ;  but  tho  numerator  or  electro- 
motive  force  has  been  likewise  increased  n  times. 

Proceeding  on  the  principles  thus  developed  by  Ohm's  theory  to  inquire  into  the  power  ol 
every  description  of  battery,  it  will,  we  hope,  be  clear  from  what  has  been  mid  that  it  wee  b>  the 

first  place  necessary  to  ascertain  the  comparative  value  of  L  and  to  in  the  equation  P  =  ^^  ^ 

before  it  could  be  decided  whether  the  force  F  would  be  most  economical]  jr  prodneedj^ 
secondly,  the  comparative  value  of  E  to  show  the  relative  electro-motive  energies  of  the 
known  combinations. 

Before  proceeding  to  detail  the  experimental  results  which  dctormmod  the  < 
motive  power  or  description  of  battery  for  military  purposes,  we  may  enumen 
been  submitted  to  examination,  namely  :— 

Wollciston's—Zinc  and  copper  and  dilute  sulphuric  acid,  and  its  mod: 
and  copper  and  iron. 

Smee's—Zmc,  platinized  silver,  and  dilute  sulphuric  acid. 

Crow's—  Zinc  and  dilute  sulphuric  acid,  platinum,  with  strong  nitnc  n. 

DanieWs—  Zinc  and  copper,  with  dilute  sulphuric  acid  and  sulphate      copper. 

Dalgleish's  —  Zinc,  platinum,  and  nitric  acid. 

McCaBm'i  batteries,  of  which  there  are  several  varieties.  ,—init-,  «r  -, 

These  several  batteries  can  be  classified  under  two  heads-those  in  w  hich  an  evol 
takes  place  on  completing  the  circuit,  and  those  in  which,  for  the  atta 
gas  is  absorbed  by  a  chemical  process.     To  the  former  caaa  belong  Wofe* 
tions,  Smee's,  and  Dalgleish's  ;  and  to  the  latter  Darnell  a  Grove  a,  and  § 

vantaes  of  the  first  class  consist  in  the  *>plM*<*  U"'M™        l 


The  advantages  of  the  first  class  consist  in  the      >pM<       "'M™*L   l 
one  acid,  the  necessity  for  porous  cells  being  thus  avoided: 
tage  of  producing  greater  constancy  by  a  chemical  arrangement,  tl 


8imWonton's,  Smee's,  Daniell's,  and  Grove's  batteries  have  boon  for  •***»  '^"ll 

Bcientific  world,  and  are  well  known.    McCallan  has  organized  aovenU  com 

and  acids  which  require  notice.    In  one,  cast  iron  ia  simply  nMttl 

the  platinum  of  Grove's;  in  other  forms  he  uses  aucocsHivply  platm  . 

chromed  iron,  chromed  lead.    He  also  varies  the  exciting  solutions.    Now 

nitric  and  doubly-rectified  sulphuric  acid  in  contact  with  the  iron  ;  then,  again,  th 
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modified  by  mixing  four  parts  of  sulphuric  acid,  two  of  nitric,  and  two  of  a  saturated  solution  of 
nitre  together.  If,  in  this  latter  mixture,  nitric  acid. is  dispensed  with,  its  place  must  be  supplied 
by  an  addition  of  the  nitric  solution,  which,  he  states,  need  not  be  saturated.  He  also  finds  that 
nitrate  of  soda  could  be  substituted  for  nitrate  of  potash,  though  with  a  loss  of  power  to  be  repaid 
by  cheapness  of  material. 

Platinized  or  chromed  cast  iron  answers  as  well  as  platinized  lead,  and  cast  iron  without  being 
chromed  appears  to  act  as  well  as  platinum. 

After  weighing  well  the  relative  qualities  of  lead  and  cast  iron,  McCallan  prefers  the  latter, 
principally  because  it  does  not  require  platinizing. 

From  these  remarks  it  seems  just  to  infer  that  cast  iron  not  platinized — that  is,  plain — was,  on 
the  whole,  better  than  platinized  lead,  platinized  iron,  or  chromed  iron ;  and  if  this  is  the  case  in 
the  laboratory,  it  will  be  much  more  so  in  the  field,  for  the  platinizing  process  will,  owing  to  the 
destruction  of  the  iron,  require  to  be  frequently  repeated,  entailing  much  expense  and  trouble,  and 
requiring  scientific  knowledge  and  practice.  It  was  only  necessary  then  to  test  the  merit  of  the 
substitution  of  cast  iron  for  the  platinum  in  Grove's,  and  the  use  respectively  of  nitric  and 
sulphuric  acid  mixed,  concentrated  nitric  and  sulphuric  acid  mixed,  and  concentrated  nitric  acid 
alone,  when  applied  to  produce  voltaic  action.  These  trials  have  been  mado 

The  battery  made  by  Dalgleish,  of  the  Ordnance  Survey  Office,  Dublin,  deserves  particular 
notice.  He  employs  zinc  and  platinum  for  the  metals,  and  strong  nitric  acid,  though  it  should  not 
be  concentrated,  for  the  solution.  Platinum  cups  containing  nitric  acid  have  suspended  over  them, 
attached  to  a  bar,  cylinders  of  zinc,  which  are  kept  from  the  influence  of  the  acid  by  strong  elastic 
bands.  At  the  moment  the  voltaic  action  is  required,  a  pressure  on  the  bar  immerses  the  zinc,  and 
at  the  same  time,  by  an  ingenious  arrangement,  completes  the  connection  of  the  several  cells.  An 
action  ensues,  and  the  desired  effect  being  produced,  the  removal  of  the  hand  allows  the  elastic 
bands  to  withdraw  the  zinc  cylinders,  and  yet  to  keep  them  suspended  over  their  respective  cups 
from  further  destruction.  See  Figs.  1151  to  1153. 
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Plan. 


Reference : — a  a,  Platinum  cylinders  in  metallic  communication  with  the 
platinum  connectors  66.  c  c,  Zinc  rods  in  communication  with  the  platinum 
connectors  dd.  When  in  action  dd  press  lightly  on  66,  thus  connecting 
each  zinc  rod  with  its  corresponding  platinum  cylinder. 
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Section  on  A  B,  with  portions 
of  the  battery  in  elevation. 

Reference : — e  e,  Poles  of 
the  battery  S3,  Screws. 
n  n,  Pillars  on  which  the  bar 
x  slides. 

Though  this  battery  is  classed  with  those  in  which  an  evolution  of  gas  occurs  they  can  by  no 
means  compare  with  it  in  energy.  Its  electro-motive  force  is  very  great ;  nor  can  we  by  description 
do  justice  to  the  ingenuity  of  the  arrangement  by  which  the  zinc  cylinders  are  kept  out  of  the  acid 
till  their  destruction  is  necessary ;  at  the  proper  moment  the  pressure  of  the  hand  immerses  them, 
and  simultaneously  makes  the  connection  of  the  several  cells. 


Elevation. 

Reference : — The  right-hand  zinc  rods  are  omitted  to  show  more 
clearly  the  mode  of  closing  the  cylinders  with  the  lid  z,  when  not  in 
use.  //,  Straps  of  india-rubber,  which  are  intended  to  raise  the  bar 
x  when  pressure  is  removed,  so  as  to  stop  the  action. 
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Smee,  and  the  result  will  show  how  inadoquaf  re  carefully  the  no**  ofl 

constant  heat  required  for  explosions  of  powder  arrangement  is  for  the  intata.  and 

To  apply  the  principles  mentioned,  it  is  necessary  to  have  the  means' of  Taryini  th 
resistance  gradually  between  any  required  limits;  and  the  instrument  employidSii 
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The  following  is  a  description  of  it :— g  is  a  cylinder  of  wood  with  bnuw  termination,  and  A  a 
cylinder  of  brass,  both  of  the  same  diameter,  and  having  their  axes  parallel  to  each  othrr.  On  the 
wood  cylinder  a  spiral  groove  is  cut,  and  at  one  of  its  extremities  in  Attached  one  end  of  a  long 
copper  wire  of  small  diameter,  which,  when  coiled  round  the  wood  cylinder,  fills  the  entire  front*, 
and  is  fixed  at  its  other  end  to  the  extremity  of  the  brass  cylinder.  The  two  spring*  ;  and  *. 
pressing  one  against  the  brass  terminal  of  the  wood  cylinder,  and  the  other  against  the  linua 
cylinder  h,  are  connected  with  two  binding  screws  for  the  purpose  of  receiving  the  win*  of  UM 
circuit.  The  movable  handle  m  is  for  turning  the  cylinders  on  their  axe«  :  when  it  in  attached 
to  the  cylinder  h,  and  is  turned  to  the  right,  the  wire  is  uncoiled  from  the  wood  cylinder,  and 
coiled  on  the  brass  cylinder ;  but  when  it  is  applied  to  the  cylinder  <;,  and  turned  t»  tin-  1 
reverse  is  effected.  The  coils  on  the  wood  cylinder  Icing  insulated  and  kept  aeparate  from  each 
other  by  the  groove,  the  current  passes  through  the  entire  length  of  wire  eoiled  on  that  cylinder ; 
but  the  coils  on  the  brass  cylinder  not  being  insulated,  the  current  panes  immediately  from  the 
point  of  the  wire  which  is  in  contact  with  the  cylinder  to  the  spring  A.  The  effectitc  part  of  UM 
length  of  the  wire  is  therefore  the  variable  portion  which  is  on  the  vn*«l  eylindi-r. 

A  scale  is  fixed  to  measure  the  number  of  coils  unwound,  and  the  fraction*  of  a  mil  art 
determined  by  an  index  which  is  fixed  to  the  axis  of  one  of  the  cylinders,  and  point*  to  the  divMoM 
of  a  graduated  scale. 

The  instrument  employed  was  made  on  the  same  principle,  though  of  larger  dimattkm,  M 
more  suitable  to  the  inquiry  in  view.  The  cylinders  were  10  in.  long,  and  exactly  10  in.  in  dim* 
ferencc,  the  wire  employed  being  about  '045  in.  diamet*  r.  and  weighing  about  58  grain*  a  J»rd. 
The  wood  cylinder  when  covered  held  190  turns  of  such  wire,  or  521  jrdt. ;  »nd  it  wai iMMmed  M 
the  standard  measure  of  resistance,  estimating  and  expressing  all  other  resistance*  in  tana*  of  tbif 
wire. 

Some  mode  was  requisite  by  which  the  force  of  the  current  circulating  <v>nl«l  ht>  fnr**tin 
delicate  astatic  galvanometer  first  occurred  to  Ward  na  suitable  for  the  porpow:  Mil  ' 
that,  though  well  adapted  for  the  measurement  of  feeble  currents  in  rirrulatimi,  it  wa« 
suitable  for  measuring  those  of  such  great  energy  as  are  required  for  the  purpoM  of  • 
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powder.  It  seemed  that  the  resistance  of  the  liquid  stratum  and  the  electro-motive  forces  were,  in 
some  forms  of  battery,  dependent  in  a  degree  on  the  amount  of  electric  current  in  circulation,  or 
when  the  quantity  was  so  minute  as  to  be  accurately  measured  by  a  galvanometer  the  value  of  L 
was  less  than  when  a  more  energetic  current  was  passing.  On  the  other  hand,  when  a  sufficiently 
Btrong  current  was  circulating,  the  deflection  of  the  galvanometer  needle  was  so  great,  that  small 
variations  in  the  extent  of  the  circuit  produced  no  effect  on  the  variation  of  the  needle.  Frequent 
changes  were  also  apparent  in  the  magnetic  intensity  of  the  needle  when  acted  on  by  strong 
currents,  so  that  two  equal  degrees  of  variation  could  not  be  taken  as  indications  of  the  same 
amount  of  circulating  force.  It  was  therefore  no  easy  matter  to  ascertain  when  a  current  suffi- 
ciently energetic  for  the  object  of  the  inquiry  was  in  circulation. 

With  an  intention,  then,  of  ascertaining  the  amount  of  resistance  and  electro-motive  force  in 
every  form  of  battery,  when  a  current  of  sufficient  energy  for  exploding  powder  was  circulating, 
and  at  the  same  time  to  have  a  certain  indication  that  such  was  the  condition  under  which  he  was 
making  the  experiment,  Ward  adopted  the  following  plan.  In  some  part  of  the  metallic  circuit 
he  placed  a  thin  platinum  wire,  |th  of  an  inch  long,  weighing  1'65  grain  a  yard.  Gradually 
varying  the  metallic  resistance,  he  then  ascertained  the  amount  at  which  the  small  wire  would 
just  melt.  As  the  same  degree  of  heat  would  always  be  necessary  to  fuse  the  same  length  and 
thickness  of  platinum  wire,  and  as  that  could  only  be  obtained  by  the  same  force  of  current  passing 
uniformly  through  all  parts  of  the  circuit,  and,  moreover,  as  the  fusion  of  this  wire  would  readily 
ignite  surrounding  powder,  he  thus  obtained  a  galvanometer  which,  at  one  view,  gave  all  the 
information  required. 

It  was  an  easy  matter  to  design  an  instrument  for  holding  the  wire,  or  any  number  of  wires,  if 
required.  Ward  had  one  constructed,  which  also  permitted  of  two  wires  being  placed  in  successive 
parts  of  the  circuit,  or,  if  necessary,  of  two  sets  of  six,  the  wires  of  each  set  being  arranged  side  by 
eide.  (The  reason  for  both  these  arrangements  will  afterwards  appear.)  They  were  held  firmly 
between  parallel  brass  plates ;  and  by  means  of  screws,  clamps,  and  a  graduated  scale  with  a 
vernier  attached,  any  length,  from  the  smallest  imaginable  to  1J  in.,  could  be  introduced  in  the 
circuits  for  the  purpose  of  experiment.  As  it  is  an  instrument  for  measuring  energetic  currents,  it 
may  be  called  an  intensity  galvanometer. 

Fig.  1155  represents  this  instrument,  s  s  is  a  wooden  stand,  resembling  a  flat  ruler,  having  two 
graduated  scales  e  c  of  inches  and  tenths  of  inches  corresponding  to  the  verniers  on  the  bent  down 
edges  of  the  brass  slides  a  a.  In  the  figure  the  right  slide  is  represented  as  drawn  back,  and 
it  will  be  observed  that  it  carries  with  it  a  vertical  brass  transverse  plate,  provided  with  slits 
for  the  reception  of  the  platinum  wires,  which  are  then  kept  firm  by  the  capping  bar  bd,  here 
represented  open,  but  which  turns  on  a  hinge  at  6,  and  is  secured  firmly  to  the  plate  when  down 
by  the  lever-catch  represented  at  e  d.  The  other  ends  of  the  wires  are  received  in  slits  of  a 
similar  upright  piece,  which  forms  part  of  the  centre  plate  m,  which  is  attached  permanently  by 
ecrews  to  the  wooden  stand.  This  upright  piece  has  also  a  lid  p  d,  which  is  here  represented  as 
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closed  on  the  wires.  The  left  slide  a  consists  of  the  same  parts,  but  is  here  shown  as  closed  in 
to  the  Central  upright  piece  on  that  side ;  the  two  uprights  being  covered  by  the  cap  C,  which 
keeps  up  a  metallic  connection  between  the  left  and  right  slides,  just  as  the  platinum  wires  do  on 
the  other  side.  By  removing  the  cap  C  the  left  slide  becomes  movable  to  the  left,  and  wires  can 
be  inserted  between  the  upright  of  the  slide  and  that  of  the  central  plate,  just  as  is  exhibited  in 
respect  to  the  right-hand  slide.  //  are  clamping  screws  to  secure  the  slides  in  any  required 
position,  to  w  are  screws  for  receiving  the  connecting  wires  of  the  battery.  When  it  is  only 
intended  to  use  a  single  wire  or  a  set  of  wires>  from  two  to  six,  arranged  side  by  side,  the  cap  C  must 
be  down  on  one  side,  either  the  right  or  the  left,  as  here  represented  ;  but  when  it  is  wished  to  use 
two  distinct  wires  successively  in  line,  or  two  sets  of  wires  in  succession,  the  cap  C  must  be  removed. 
The  instrument  may  be  made  to  complete  the  circuit,  if  necessary,  without  the  platinum  wires,  by 
closing  up  the  slide  on  the  right  as  on  the  left  side,  and  covering  the  uprights  by  another  cap 
similar  to  C. 

As  before  stated,  there  were  barely  53  yds.  of  standard  wire  on  the  rheostat,  but  it  was 
generally  necessary  to  introduce  much  greater  resistance  than  this.  The  means  of  doing  so 
were  easily  obtainable,  for  having  on  hand  about  two  miles  of  thin  copper  wire,  varying 
from  160  to  250  grains  a  yard,  covered  with  gutta-percha,  in  lengths  varying  from  75  yds. 
to  half-a-mile,  it  was  only  necessary  to  ascertain  the  resisting  power  of  these  in  terms  of  the 
standard  wire,  and  by  Wheatstone's  instrument  this  was  readily  done.  Thus  with  a  piece 
75  yds.  long,  taking  a  Grove's  battery  (though  any  constant  battery  would  do  equally  well), 
Ward  found  that  three  of  its  cells  were  capable  of  fusing  the  thin  platinum  wire  before  men- 
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tioned,  when  119J  turns  of  the  standard  wire  coiled  on  the  wood  cylinder  of  th»  rheostat  « 

were  included  in  the  circuit;  and  the  same  three  cells  fused  the  baiue  lenirth  of  « 

a  coU  of  wire  of  another  description  75  yds.  long,  together  with  68J  turn,  of  rheostat  \ 


composed  the  circuit.    Now,  three  cells  acting  in  series  are  expressed  by          ,  that  u 


3L 


rheostat  wire, 
thra* 


electro-motive  forces  divided  by  three  liquid  resistances,  if  L  represent  the  resistance  of  the  1 
of  one  cell.    The  other  resistances  are  in  the  first  experiment  composed  of  1191  tunu  at  st 
wire,  and  the  platinum  wire,  the  amount  of  whose  resistance  we  may  call  p  •  in  t 
75  yds.  of  coil,  68£  turns  of  standard  wire,  and  the  platinum  wire  p.    Under  each  mod 
experiment  the  same  amount  of  force  was  capable  of  circulating ;  calling  this  F  we  have 

3E 


F  = 


3E 


3  L  +  68J  +  75  yds.  +p' 

By  which  we  obtain  75  yds.  =  51  turns  ;  or  the  resistance  opposed  by  the  75  yd*,  of  eofl 
equivalent  to  that  of  51  turns  of  standard  wire,  and  whenever  this  portion  was  tntn«luoed  into  UM 
circuit  it  was  considered  equivalent  to  51  turns  of  standard  wire.    Again,  with  a  piece  of  malar 
length,  eighteen  cells  of  another  battery  were  capable  of  fusing  the  platinum  wire,  tit* 


, 

passing  through  an  equivalent  of  868f  turns  of  standard  measure,  and  when  a  piece  550  yds.  low 
was  introduced,  the  same  result  could  be  produced  through  but  88  fc  turns.  The  550  yd*,  piece  was 
then  =  868f  -  884  =  780J  turns  of  standard  wire  :  and  to  show  the  degree  of  accuracy  attainable, 
each  result  (namely,  868|  and  88|)  ia  the  mean  of  eight  observations  ;  the  first  eight  observattoM 
differing  from  the  mean  868|  as  follows  — 

J,  2f,  2J,  If,  2|,  |,  3|,  4|  ; 
and  the  second  eight  from  the  mean  88£  as  under  — 

5i,  6i,  21,  2J,  i,  41,  2|,  If 

The  probable  error  of  the  mean  difference  resulting  from  these  sixteen  observations  does  Ml 
exceed  1  •  15  turn  ;  that  of  a  single  pair  of  observations  being  within  3-3  turns.  The  plTinnssslsr 
is,  however,  capable  of  measuring  to  a  still  greater  degree  of  accuracy,  if  necessary.  The  abov* 
observations  were  made  with  a  battery  not  particularly  suitable  to  the  purpose,  and  with  h«s  <h»" 
the  usual  degree  of  care,  in  a  period  of  less  than  a  quarter  of  an  hour  ;  the  coil  in  question  not 
being  required  for  the  subsequent  experimental  inquiry.  The  instrument  admits  of  a  repetition 
of  from  40  to  60  observations  an  hour  with  ease,  and  thus,  in  a  short  time,  it  would  be  easy  In 
obtain  a  result  free  from  any  but  an  almost  inappreciable  error.  In  a  similar  manner  the  mists  IMS 
of  any  length  of  wire  could  be  reduced  to  a  standard  measure  ;  and  as  the  wires  were  covered  with 
gutta-percha,  Ward  was  able  to  arrange  them  in  coils  round  the  table  on  which  the  battery  stood, 
introducing  such  as  were  required  by  the  nature  of  the  experiment. 

As  the  thin  platinum  wire  before  mentioned  necessarily  formed  part  of  the  circuit  In  wry 
experiment,  it  was  requisite  to  ascertain  its  resistance  in  terms  of  standard  measure.  This  was 
done  by  first  introducing  one,  and  then  two  such  wires,  all  of  the  same  length,  in  different  portions 
of  the  circuit  (for  which,  as  has  been  described,  the  galvanometer  was  adopted),  and  prodaointr 
a  fusion  in  each  case  by  the  same  power  of  battery.  The  amount  of  standard  resistance  or  length  of 
standard  wire  which  had  to  be  taken  out  in  the  second  case  to  produce  fusion,  was  equivalent  to 
the  resistance  of  one  platinum  wire.  This  was  found,  by  the  mean  of  six  pairs  of  observations,  to  be 
60§  turns.  The  probable  error  of  this  result  being  1  turn,  and  that  of  ono  pair  of  observa- 
tions =  2-3  turns,  is  equivalent—  as  the  wire  is  but  '375  in.  long—  to  '00018  in.  in  the  former  ease, 
and  to  -0142  in  the  latter. 

A  ready  mode  of  checking  the  correctness  of  this  result  is  always  at  hand  :  It  I*  AS  follows  :— 
Find  the  utmost  length  in  standard  measure  of  the  metallic  circuit  (not  including  that  of  Uw 
platinum  wire)  which  will  admit  of  any  even  number  of  cells  in  series,  say  twelve,  fusing  that 
wire.  Ascertain  the  same  with  each  half,  or  six  of  those  cells.  The  sum  of  the  circuits  of  the 
two  sixes  deducted  from  that  of  the  twelve  will  give  the  standard  rpsUtonce  of  platinum  wire, 
This  will  be  a  true  result,  subject  of  course  to  corrections  for  errors  of  observation,  however 
irregularly  the  cells  may  be  working  inter  se  ;  and  a  reference  to  the  formula  will  easily  explain 

It  might  be  supposed  that  the  resistance  of  these  several  wires  would  be  ascrrtainabU  by  UM 
formula  w  =  —  ,  when  the  specific  resistance,  the  length,  and  the  area  of  the  section  art  known  : 

or  if  they  are  all  of  copper,  the  specific  resistance  being  the  same,  that  the  length  divided  by  lh« 
weight  a  yard  should  give  the  comparative  resistance;  but  an  approximate  value  can 
obtained  by  such  measures.    A  small  variation  in  the  description  of  copper  from  which  UM  • 
is  manufactured  would  affect  the  value  of  s,  and  the  difficulty  of  obtaining  to  wlwi 
diameter  a  correct  value  for  a,  or,  what  is  its  equivalent,  the  diflioulty  of  obtaining  a  k 
a  uniform  weight  a  yard,  would  increase  the  probable   error  of  the  true  remit 
several  portions  of  the  same  wire  weighed  249-5,  233-5,  228  -G  grains  a  yard.  » 
a  delicate  balance  turning  to  ^  of.  a  grain,  thua  denoting  an  irregularity  due 
facture  or  to  the  quality  of  the  copper. 

It  is  therefore  fortunate  that  Wheatstone's  rheostat  furnishes  such  a  rea. 
mode  of  ascertaining  the  degree  of  resistance  of  all  descriptions  of  wire 

tl 
of  the  factors  of  the  equation  w  =  —  . 

The  amount  of  error  into  which  wo  may  be  led  by  determining  thclr^*?n7%if'Ti  ^ 
instead  of  by  experiment  may  be  seen  from  the  following  Table,  in  wnicl 
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tained  and  that  calculated,  each  in  terms  of  wire  weighing  63  grains  a  yard,  are  placed  side  by 
side: — 


Actual  length 
of  Wire,  in 
YanU. 

Weight  per 
Yard,  in  Groins. 

Calcnlated 
Resistance  in 
turns  of 
Rheostat. 

Actual  IVM-I- 
ancc  by  Experi- 
ment In  turns 
of  Rheostat. 

Percentage  of 
Error  in 
Calculation. 

Percentage  of 
Probable  Knot- 
to  ascertained 
Resistances. 

75 

233-22 

61-3 

51 

+  16-8 

0-58 

125 

228-66 

104-3 

83f 

+  19-7 

0-53 

245 

233-5 

200-2 

172| 

+  13-7 

0-46 

495 

249-5 

378-5 

322$ 

+  14-8 

0-34 

280 

166-2 

321-4 

401f 

-  24-9 

0-41 

Thus  the  first  four  lengths  (which,  as  before  stated,  are  portions  of  one  original  piece,  and  were 
therefore  probably  manufactured  from  one  description  of  copper)  are  tolerably  consistent  uniting 
themselves,  though  differing  on  an  average  by  more  than  15  percent,  plus  from  the  standard, 
whereas  the  last  piece  shows  a  minus  error  of  nearly  25  per  cent.,  making  an  aggregate  error 
between  the  two  descriptions  of  copper  wire  shown  in  the  Table  of  about  40  per  cent. 

Here,  then,  is  made  apparent  one  of  the  probable  sources  of  failure  in  demolition  by  voltaic 
agency.  The  different  diameters  of  the  pieces  of  495  yds.  and  of  280  yds.,  though  apparent  on 
close  examination,  would  not  strike  a  casual  observer ;  in  fact  they  were  purchased  from  the  Gutta- 
percha  Company  as  one  description  of  wire,  yet  the  resistance  of  the  shorter  lengths  as  compared 
with  the  longer  is  as  402  to  323 !  If,  then,  calculating  on  the  experimental  results  obtained  from 
the  former,  the  same  length  of  the  latter  wire  had  been  used  in  any  proposed  demolition,  the 
probable  result  would  have  been  total  failure. 

The  last  column  shows  the  probable  error  in  the  ascertained  resistance,  which  averages  under 
one-half  per  cent.  These  results  are  more  than  sufficiently  accurate  for  the  purpose  of  the  inquiry  j 
though  by  no  means  so  near  as  it  would  be  easily  possible  to  attain,  since  it  is  within  the  compass 
of  an  easy  day's  work  to  ascertain  the  resistance  of  all  these  lengths  to  within  -^th  per  cent,  of 
probable  error,  and  even  to  eliminate  error  altogether. 

It  was  easy  now  to  obtain  the  value  of  L  or  the  resistance  of  the  liquid  stratum  in  any  battery, 
as  well  as  the  proportional  value  of  any  electro-motive  force.  The  experimental  results  with  each 
battery  examined  now  follow,  being  prefaced  with  a  description  of  the  size  and  mechanical  arrange- 
ment of  each.  Ward  had,  for  the  commencement  of  the  investigation,  that  battery  of  Grove's 
construction  which  was  employed  in  the  demolition  of  Seaford  cliff  in  1850.  It  was  supplied  to 
the  Engineer  Department  at  Portsmouth  as  the  best  form  and  description  of  voltaic  implement 
known  for  the  purpose,  and  therefore  deserves  a  description  to  show  how  much  such  an  instrument 
is  capable  of  modification,  when  required  solely  for  blasting  purposes. 

The  battery  consisted  of  ten  cells,  in  each  of  which  was  suspended  one  plate  of  platinum,  with 
two  of  zinc  facing  it,  one  on  each  side,  at  a  distance  of  f  of  an  inch ;  the  exciting  solution  being 
dilute  sulphuric  acid  for  the  zinc  in  the  proportion  of  1  of  acid  to  8  of  water,  and  strong  nitric  acid 
for  the  platinum,  the  two  acids  being  separated  by  a  porous  earthenware  diaphragm ;  the  plates  in 
action  in  each  were  two  9"  x  7"  of  zinc,  and  one  6"  x  6"  of  platinum ;  each  cell  requiring  2i  pints 
of  dilute  sulphuric  acid,  and  $  of  a  pint  of  nitric  acid.  Its  weight  when  charged  was  168  Ibs.,  of 
which  40  Ibs.  was  due  to  solution  and  44  Ibs.  to  zinc  plates. 

Each  cell  then  had  the  power  of  circulating  the  standard  force  required,  that  is,  a  force  capable 
of  fusing  thin  wire,  through  a  resistance  of  66J  turns  standard  measure. 

It  was  evident,  on  first  sight  of  the  instrument,  that  this  battery  would  admit  of  considerable 
reduction,  if  the  principles  of  Ohm's  theory  were  correct ;  and  that  if  the  distance  between  zinc  and 
platinum  was  reduced  from  f  to  f  of  an  inch,  one-half  the  weight  of  zinc  (  =  22  Ibs.)  and  a  cor- 
responding bulk  of  acid  could  be  dispensed  with,  without  lessening  in  any  degree  the  power  of 
each  cell.  With  this  consideration  in  view,  and  also  wishing  to  compare  an  arrangement  on 
Grove's  principle  with  one  of  Smee's  batteries,  Ward  had  one  of  the  former  constructed  with 
twelve  cells,  two  zinc  plates  4"  x  2"  being  in  action  in  each  cell,  one  on  each  side  of  a  plati- 
num plate  4"  x  4"  and  at  a  distance  from  it  of  about  f  of  an  inch.  The  experimenter  also  had 
the  platinum  plates  platinized,  the  original  object  of  which  was  to  work  this  identical  battery 
as  a  Smee,  by  dispensing  with  the  porous  cells  and  nitric  acid ;  but  thinking  afterwards  that  this 
might  appear  to  some  as  hardly  a  fair  trial  of  Smee's  arrangement,  Ward  abandoned  that  idea,  and 
used  these  platinized  platina  plates  in  the  Grove's  arrangement  only.  It  will  be  seen  subsequently 
that  platinized  platina  opposed  to  zinc  gives  a  stronger  arrangement  than  platinum  only — a  fact 
which  was  first  noticed  by  McCallan. 

The  investigation  was  intended  to  find  the  power  of  the  several  voltaic  combinations  when 
excited  by  ordinary  agents,  that  is,  those  which  might  readily  be  obtained :  our  author  did  not  enter 
into  an  inquiry,  except  on  special  occasions  which  will  be  particularly  noticed,  as  to  the  degree 
of  power  attainable  by  the  use  of  concentrated  nitric  acid,  doubly-rectified  sulphuric  acid,  or  such 
reagents  as  are  difficult  or  expensive  to  procure,  or  dangerous  to  handle ;  but  confined  himself 
to  the  task  of  ascertaining  the  power  attainable  from  ordinary,  or  what  are  termed  commercial, 
acids,  which  do  not  emit  fumes  destructive  to  health. 

The  rule  for  ascertaining  the  merits  of  any  voltaic  combination  is  this.  Arranging  any  number 
of  cells  in  series,  ascertain  the  metallic  resistance  that  can  be  comprised  in  the  circuit  which  will 
permit  one  platinum  wire  to  be  fused.  With  the  same  number  in  series,  ascertain  the  extent  of 
circuit  which  will  admit  of  two  platinum  wires  placed  side  by  side  in  the  galvanometer  being 
fused :  and  these  two  experimental  results  may  be  obtained  in  five  minutes  at  any  time  in  the 
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field  as  well  as  in  the  laboratory,  with  instruments  which  should  always  aeeomnanY  UM  httt**. 
by  a  single  observation  of  each  result  with  a  probable  error  not  exceeding  two  turns  •  whiUt 
repetition  of  observations,  all  appreciable  error  could,  of  course,  be  eliminate!     In  m.,1 
trials  it  is  not  necessary  that  the  operator  should  have  any  knowledge  of  the  metal* 


battery  is  to  be  trusted,  and  to  what  extent,  and,  if  any  disarrangement*  hal  oc^ui^d,"!^  m 
cells  to  add  to  overcome  the  defect :  indeed,  the  constancy  and  duration  of  the  heat  mad«i 
on  the  wire  is  at  once  an  infallible  and  ready  test  of  the  value  of  the  bu- 
purposes. 

The  demonstration  is  as  follows  .-—Taking  n  cells  in  a  battery  whose  elwtro-motiTe  forae  is  E. 
and  resistance  of  liquid  L,  suppose  a  metallic  resistance  w  to  be  the  extreme  that  win  be  internossd 
and  yet  enable  a  force  to  circulate  that  will  cause  the  platinum  wire  to  be  fused ;  call  this  foweF 

then  the  equation  stands  F  =  ^  "  ^  .  Now,  if  the  extreme  metallic  resistance,  which  we  will 
call  w',  is  ascertained  which  admits  two  identical  wires,  placed  side  by  side,  to  be  fused,  it  u 
evident  that  the  same  force  F  must  be  passing  along  each  wire  at  that  moment,  or  a  force  of  2  P 
along  both  together ;  and  as  the  same  quantity  of  electric  fluid  must  be  passing  through  every  nut 
of  the  circuit,  the  equation  representing  the  conditions  under  which  the  battery  in  working  Will  U 

expressed  by  2  F  =  n  L,  w>  •  N°w,  as  the  numerator  hi  both  these  expressions  is  the  •m^  for 
in  both  experiments  the  same  number  of  cells  are  used,  the  denominator  in  the  last  most  be  one- 
half  of  that  of  the  first,  or  n  L  +  w'  =  J  (n  L  +  tr)  .-.  L  =  ^-^ — — .  Thus  the  average  : 


of  n  liquid  strata,  or  n  L  can  be  obtained.    The  use  of  this  value  of  L  will  be  better  understood 
when  we  come  to  consider  the  other  numerical  values  in  each  case. 

Again,  suppose  we  have  two  separate  combinations  of  battery,  say  a  Rmee  and  a  Grore 
arrangement,  of  which  it  is  desired  to  determine  the  comparative  value  of  the  ••l.-.-tro-motire 
forces :  let  the  electro-motive  force  be  E  and  E',  liquid  resistance  L  and  L',  and  the  quantity  of 
metallic  circuit  that  each  will  bear  when  n  cells  are  combined,  and  yet  permit  the  standard  fore*, 
which  we  will  in  future  call  a  force  F,  to  circulate,  be  w  and  w'.  Let  the  amounts  »r  and  r*  require 
an  increase  or  diminution  =  a  and  a' of  metallic  resistance  when  a  force  F'  U  required  to  circulate. 
We  then  have  in  the  first  case, 

SMF.F.  GROVE.  SMF.E.  Oaova. 

n  E  n  E'  .  n  E  n  K' 

=    F   =  .  alld    m    the    8eC°nd  =    F     = 


nL  +  to  nL'  +  w"  n  L  +  tc  ±  a  n  L'  +  »'± «' ' 

then  of  course  E  ;  E'  as  the  sums  of  the  respective  denominators  in  each  case,  but  they  are 
also  as  the  differences  of  the  denominators  of  their  respective  fractions,  that  is  to  say.  as  a  to  «', 
or  E  :  E'  : :  a  t  a'. 

In  all  these  observations  the  forces  F  and  F'  have  been  in  the  ratio  of  2  to  1,  to  simplify  the  eel 
culation ;  and  the  equations  under  the  conditions  became 
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which  being  reduced,  for  the  purpose  of  determining  L  or  the  liquid  resistance,  ftv* 
12  L  =  w  —  2  (w  ±  a) :  and  on  these  principles  Ward  took  the  observations  that  follow,  the  Boa- 
ber  of  cells  in  series  in  all  cases  being  twelve. 

With  the  Grove's  having  plates,  4"  x  4",  of  zinc,  and  platinum  in  action  in  each  cell, 

1.  The  metallic  resistance  interposable  for  12  cells,  when  one  wire  \  OT  „.  _  775 j  turns. 

was  fused        / 

2.  With  two  wires or»-a  =  „ 

.-.  12  L  =  775£  —  701  =  74-5  turns;  the  probable  error  in  this  value  of  12  L.  a»  calculated  from 
the  nature  of  the  observations,  is  =  1  '7  turn ;  that  of  775  J  turns,  similarly  calculated,  u  equal  t 
2  turns.  J1Jt  , 

The  electro-motive  force  of  this  battery  as  compared  with  any  other  would 
these  two  observations  in  each  case,  that  is  to  say,  the  difference  of  the  denominators  c 
tions  F  and  F,  as  before  stated.   In  the  present  case  this  is  775J  -  350J  = 
error  of  1 •  6. 

The  duration  of  the  power  of  this  battery,  or  its  constancy,  as  it 
The  results  just  given  show  its  energy  about  an  hour  aftor  charging,  at 
cells  being  well  saturated,  it  may  be  considered  to  have  been  at  its  inaxii 
it  was  experimented  with  sufficiently  to  fire  300  charges,  and  at  the  end 
ments  above  described  were  repeated  in  the  same  order.    No.  1  gave  < 
which  12  L  =  88,  and  comparative  value  of  E  =  420f    Thus  the  resistance  oT 
regards  itself,  increased  18  per  cent.,  and  the  electro-motive  force  1  per  cent 
had  reduced  the  available  energy  of  the  battery  from  775|  to  753*,  or  IK 
stancy  is  readily  attainable  by  carefully  amalgamating  the  zinc  nlaton  \ 
occupying  a  few  minutes ;  and  it  has  been  found  on  this  as  well  as  on  other  ooo 
tery  will  continue  sufficiently  constant  for  all  practical  purposes  for  a  por 
small  loss  of  power  noticeable  here  is  probably  owing  to  the  fact  tlmt  n 
in  charging  the  several  batteries  to  mix  the  sulphuric  acid  and  water 
the  cells ;  this,  as  is  well  known,  raises  the  temperature  of  the  mixture  abm  -^ 

sible  in  either  of  the  liquids,  and  as  tbe  temperature  U  heightened 
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solution  is  increased;  but  this  power  diminishes  as  tho  solution  cools,  which  it  gradually  does.  On 
the  present  occasion  sulphuric  acid  and  water,  each  at  40°  Fahrenheit,  when  mixed  in  the  propor- 
tion of  one  measure  of  acid  to  eight  of  water,  gave  ft  resulting  temperature  of  about  70°. 

When  this  battery  is  in  its  full  strength,  the  amount  of  resistance  commanded  by  12  cells,  that 
is,  the  amount  of  metallic  resistance  which  can  be  added  to  the  circuit  for  each  cell  in  series  without 
diminishing  the  value  of  the  circulating  force  below  the  standard  necessary  for  fusion,  is  =  775£ 
turns  for  the  12,  or  64f  for  one  cell  ;  but  it  will  be  remembered  that  the  power  of  one  cell  in  the 
large  Grove  did  not  exceed  66^  turns,  so  that  this  small  difference  is  the  only  loss  a  cell  by 
reducing  the  battery.  In  respect  to  the  gain,  the  quantity  of  nitric  acid  to  charge  each  cell  has 
been  diminished  from  J  to  £  of  a  pint,  and  the  dilute  sulphuric  acid  from  2f  to  \  of  a  pint.  These 
two  alone  diminish  the  cost  of  charging  1  0  cells  from  7s.  9<f.  to  2s.  ;  but  as  this  acid  lasts  only 
12  hours,  while  the  others  are  available  for  24,  the  comparative  cost  should  stand  as  7s.  9</.  to  4s. 
The  weight  of  10  cells  of  this  battery  when  charged  was  only  27  Ibs.,  while  that  of  the  large  one 
was  168  Ibs.  The  cost  of  construction  was  less  than  one-half,  and  the  cubical  contents  less  than  |. 
So  that  while  but  1$  per  cent,  of  power  a  cell  has  been  lost,  the  gain  has  been  50  per  cent,  in 
prime  cost,  the  same  in  working,  600  per  cent,  in  weight,  and  700  per  cent,  in  bulk. 

n  K 
Referring  back,  let  us  substitute  in  the  equation  F  =  —  —  —  ,  the  value  of  n  =  12,  n  L  =  74|, 

12  E  E  E 

=  775*,  and  we  have  F  =      ,  ,  =      _          ..  =        '  in  which  70*  rePresent8  the 


74,  +  ?75j,      Q^_  +  ^  ..       703 
utmost  amount  of  resistance  in  standard  measure  that  this  principle  of  battery  will  bear  a  cell, 
without  reducing  the  amount  of  circulating  force  below  the  force  capable  of  fusing  the  thin  wire, 

E 
that  is  the  force  F,  and  in  which  -  —        —  represents  how  this  total  resistance  is  apportioned 


between  the  liquid  and  metallic  circuit,  in  this  particular  sized  battery.    But  the  same  resulting 
force  could  be  obtained  by  a  battery  working  under  any  of  the  following  conditions,  namely 

F-     E     -  E  rn 

24A  +  46      70|' 

E  E 

= =  _  T21 

70ft 


The  first  of  these  can  be  produced  by  a  diminution  of  the  size  of  the  plates  from  4"  x  4"  of  surface 
in  action  in  each  cell  to  2"x  2";  and  as  this  reduction  of  size  would  not  diminish  the  power  a  cell 
30  per  cent.,  or  from  64£  to  46,  while  it  might  reasonably  be  expected  that  the  expense  of  charging, 
weight,  bulk,  and  cost  of  battery  would  be  diminished  at  least  100  per  cent.,  this  modified  form  is 
evidently  preferable. 

No.  2  is,  theoretically  speaking,  the  most  economical  form  under  which  any  principle  of  battery 
can  work  for  the  circulation  of  the  force  required,  which  in  this  case  is  to  fuse  the  particular 
platinum  wire  that  we  have  been  using,  that  is,  when  the  liquid  resistance  of  each  cell  is  equal  to 
its  available  energy  ;  and  in  a  Grove's  combination  the  expression  represents  plates  about  1  •  66  in. 
square  in  each  cell. 

The  third  expression  represents  a  battery  working  under  such  conditions  that  if  1000  cells  were 
placed  in  series  they  would  not  have  the  power  of  circulating  the  force  F  through  a  metallic  circuit 
of  1  ft. 

Theoretically  speaking,  No.  2  is  the  most  economical  form  of  battery  ;  but  other  considerations 
forbid  its  adoption.  To  obtain  the  power,  35^  the  cell  indicated  by  the  equation,  each  compart- 
ment must  be  carefully  filled  to  the  top,  as  failing  to  do  this  by  a  quarter  of  an  inch  would  sensibly 
diminish  the  power  a  cell.  Any  deterioration  in  the  strength  of  acid  employed  would  have  the 
same  effect,  and  the  whole  quantity  employed  being  so  small,  it  would  deteriorate  soon  after  the 
battery  was  charged.  It  will  be  seen  that  the  acids  used  in  the  Grove,  of  which  the  zinc  surfaces 
in  action  were  4"  x  4"  in  each  cell,  were  available  for  but  12  hours,  while  that  in  the  larger  size 
was  equally  so  for  24  hours.  Reasoning  from  this,  it  could  then  hardly  be  expected  that  the  small 
battery  represented  by  equation  No.  2  would  remain  efficient  for  one  hour,  or  work  economically 
for  one  quarter  of  an  hour. 

E 

One  more  condition  of  this  equation  deserves  notice,  namely,  F  =  -  -  rrrj  .   This  cannot  prac- 

tically be  attained  by  any  construction,  for  the  liquid  resistance  must  be  an  absolute  quantity  ;  but 
it  shows  the  important  fact  that  however  large  the  plates  of  a  Grove's  combination,  such  as  the  one 
we  have  been  considering,  are  made,  the  force  F  could  not  circulate  if  in  each  cell  was  developed 
resistance  equivalent  to  70|  turns,  while  two  cells  2"  x  2"  can  bear  a  resistance  more  than  equal  to 
this,  and  yet  circulate  the  required  force  with  ease  ;  in  other  words,  that  for  the  circulation  of  the 
force  we  require  two  pairs  of  plates  in  series,  each  2"  x  2"  in  surface,  which  are  more  than  equi- 
valent in  force  to  one  plate  even  a  mile  square. 

No.  1  arrangement  having  then  been  decided  on  as  the  best,  a  battery  exactly  similar  to  the 
former  was  made,  but  having  zinc  plates  2"  x  1"  overlapping  platinum  2"  x  2";  the  former  facing 
the  latter  on  each  side,  and  thus  giving  a  surface  of  each  metal  2"  x  2"  in  action  in  each  compart- 
ment. This  diminution  in  size  permitted  the  zincs  to  be  brought  somewhat  nearer  ;  and,  instead 
of  being  f  of  an  in.  from  the  platinum,  they  were  -fg. 

The  experiments  Nos.  1  and  2  were  made  with  this  battery,  giving  the  following  results  aa  the 
mean  of  eight  observations  of  each.  :  No.  1  =  571fJ  ;  No.  2  =  162^  ;  from  which  the  comparative 
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value  of  E  =  409^  and  the  resistance  of  12  L  =  245* :  the  probable  error  in  each  remit  bri, 
The  diminution  of  the  comparative  value  of  E  froml'25  to  409A  U  attribuUK 
platinum  being  used  in  the  former  case,  while  ordinary  sheet  p&inumSnu ,  emSoV, 
not  to  a  diminution  of  size,  which  does  not  influence  E.    The  sum  of  the  resist 
in  twelve  cells  had  increased  from  74 '5  to  245|. 

Now,  remembering  that  the  plates  had  been  reduced  to  }  the  sire,  but  had  been  hmn*ht  i 
in  the  proportion  of  5  to  6,  calculation  from  the  first  result  would  give  the  second 

74'-5  x  4  x  5  _ 

whilst  experiment  gives  245|.    Assuming  the  value  of  12  L  =  245*  or  L  =  20-47  and  that  of  » 

^71  —  &-  T?  T?  "~ 

1-^  =  47-65 ;  the  expression  F  =  ^-  stands  ^ ^  ^-_  =  _!L  ,  Aomias  ^  wben 

the  platinum  is  no*  platinized  a  Grove  will  bear  a  resistance  of  but  68  turns  of  standard  measure 
instead  of  nearly  71,  as  before,  to  each  cell. 

^  Referring  back  to  the  largest  Grove,  namely,  that  with  zinc  plates  9"  x  7"  and  platinum  6"  x  V 
we  may  consider  the  area  of  the  mean  section  of  the  fluid  on  each  side  =  49J",  and  tho  t>Ut<«  bcimr 
f  of  an  in.  apart,  facing  the  platinum  on  each  side,  tho  value  of  12  L  in  this  battery  by  calculation 

would  be  — j-7g —  =  24  nearly,  or  about  2  turns  a  cell ;  and  as  the  available  energy  of  the 
battery  is  66J  turns,  the  condition  under  which  the  largest  Grove  circulates  a  force  F  is  numerically 
expressible  thus ;  F  =  g  =  — ,  which,  admitting  experimental  error,  is  the  same  expression 

as  that  obtained  from  plates  but  2"  square ;  thus  showing  that  increasing  the  size  of  plates  does  not 
increase  the  electro-motive  energy,  that  is  the  value  of  E,  for  the  superior  available  energy  of  661 
turns  in  the  large  Grove  is  merely  due  to  the  diminished  resistance. 

This  principle  has  been  established,  both  by  Ohm's  theory  and  experiments,  and  required  no 
further  demonstration,  except  to  bring  the  consideration  of  it  to  special  notice  a*  materially  aflsotin* 
a  part  of  the  following  inquiry. 

The  batteries  hitherto  used,  it  will  be  borne  in  mind,  were  made  with  zinc  plates  owrioppwf 
the  platinum  plate,  and  facing  it  on  each  side.  Thus  the  outer  surface  of  the  zincs  wa*  not  directly 
opposed  to  any  negative  metal.  To  ascertain  if  this  portion  did  any  work,  Ward  carefully  covered 
with  a  thick  coating  of  sealing-wax  varnish  the  outer  surfaces,  so  that  it  was  impossible  they  ooold 
be  acted  on,  and  then  tried  on  a  subsequent  day  the  variation  of  E  for  12  cell*,  as  compared  with 
former  experiments,  but  he  found  no  diminution  of  power.  To  make  sure  that  this  was  not  own* 
to  any  peculiarly  good  acid  used  on  that  day,  he  removed  the  varnish  from  each  plate  and  reinserted 
them  in  the  same  solutions.  The  battery  was  found  somewhat  diminished  in  power,  bat  very 
slightly,  not  more  than  2  per  cent.,  though  if  the  outer  surfaces  had  been  acting,  it  ought  to  have 
increased  in  power.  This  was  probably  owing  to  the  longer  time  it  had  been  in  action.  These 
trials  evidently  proved  that  no  sensible  power  is  obtained  from  the  outer  side  of  a  plate,  or  from 
any  other  surfaces  that  do  not  directly  oppose  each  other ;  for  had  there  been  8  per  cent  of  increase 
it  would  certainly  have  made  itself  apparent.  It  is  not  at  all  surprising  that  it  nhould  be  so;  for, 
referring  to  the  principles  of  the  action,  the  electro-motive  force,  that  is,  the  amnitv  of  the  rino 


and  liquid  for  each  other,  depending  on  their  nature,  and  not  their  quantity,  cannot  oe  inorNued  ; 
the  amount  of  electric  fluid  they  can  supply  is  unlimited,  and  controlled  solely  by  the  mists  n*e  of 
the  liquid  to  its  transmission,  this  resistance  varying  directly  as  the  distance  between  the  plate*  ; 
and  hence  it  seems  in  due  course  that  the  whole  of  the  supply  should  be  obtained  from  tho  part* 
where  it  can  be  so  done  with  the  greatest  facility,  namely,  from  those  which  are  nearest  U>  or  directly 
opposing  the  platinum. 

The  result,  however,  must  not  be  confounded  with,  or  supposed  contrary  tn,  tbnse  obtain* 
when  the  zinc,  being  opposed  on  each  side  by  a  negative  metal,  the  battery  it  found  to  exhibit 
greater  energy  than  when  the  copper  or  platinum,  or  whatever  the  negative  metal  may  be,  is  OS)  one 
side  only  ;  for  here  the  zinc  is  directly  opposed  by  a  negative  metal  on  both  aides,  and,  of 
supplies  electric  fluid  from  each  side,  though  the  negative  metal  to,  in  thU  ease,  not  working  fc 
the  utmost  advantage.    The  fact  however  made  evident,  to  whatever  eaiue  attributable,  vai 
great  importance,  as  it  admitted  of  the  battery  being  much  simplified,  of  di*pen*ing  wl 
binding-screws  and  of  much  unserviceable  metal,  as  well  as  of  an  economy  of  size  and  weight,  and 
an  increase  of  power,  for  the  plates  could  now  be  brought  nearer  together. 

Adhering,  then,  to  the  same  sized  plates,  a  diminution  of  which  seemed  r 
vantage,  a  battery  was  constructed  with  plates  of  zinc  and  platinum  welded  tog**] 
simple  style  that  zinc  and  copper  used  to  be  arranged  in,  one  of  each  pair  being  in  a  separat 
and  the  platinum  immersed  in  nitric  acid  being,  of  course,  separated  from  tr 
couple  immersed  in  dilute  sulphuric  acid  by  the  porous  cell  containing  it  and  the  r 


battery  so  made  permitted  the  plates  to  be  brought  to  an  average  dW 
Aj  of  an  in.  from  each  other,  and  by  the  simple  contrivance  of  a  lid,  every  pw 
cell  was  kept  in  its  place,  and  could  be  thus  transmitted  as  ordinary  URW 
extra  packing  or  precaution.    Fig.  1156  represents  one  of  these  bfttteriei 
connecting  metallic  straps  are  so  represented  as  to  explain  the  manner 
batteries  may  be  combined  together;  Fig.  1157  represent*  ft  single  pair  of  pis' 

Six  pairs  of  plates  so  arranged  occupied  a  box  not  exceeding  7x4    x  4 
for  use  in  the  field,  including  binding-screws  and  poroiu  i  cells  ;  and  the  «a-on 
of  six  cells  in  one  box  will  be  afterwards  explained.    The  result  of  the  fttrioi 
wires  by  twelve  cells,  or  two  box  batteries  of  this  arrangement,  gave  on 
and  No.  2  =  240|  ;  from  which  12  L  =  169$,  and  the  proportional  ?*JiM  »t- 
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On  another  occasion.  No.  1  gave  G41,  ami  No.  2  gave  230 j,  showing  that  the  total  resistance 
2  L  waa  now  =  179$,  but  that  the  value  of  E  was  unchanged ;  the  variation  in  the  resistance  being 


1157. 


1156. 


which  the  experi- 
ments were  made,  as 
the  increase  was  pro- 
bably owing  to  a  dif- 
ferent set  of  twelve 
having  been  used  in 
each  case. 

If  we  adopt   the 
mean  of  these  two,  or 
12L  =  174-5,L  =  14} 
may  fairly  be  taken  to 
represent  the  resistance  of  the  liquid 
when  the  battery   is  in    its    strongest 
action,  namely,  for  the  first  three  hours 
after  it  is  charged.     Also  the  electro- 
motive force  of  a    Grove   battery  un- 
platinized  may  be  represented   by  the 
numerical  value  410,  as  on  three  sepa- 
rate occasions  experiments  have  given  it 
409^,  410J,  and  410  J,  that  of  a  platinized 
Grove  being  425. 

To  ascertain  how  much  the  power 
of  this  battery  diminished  when  left 
charged,  the  same  experiments  were  re- 
peated after  six  hours,  and  No.  1  was 
then  found  =  484},  and  No.  2  =  104i; 
giving  E  =  380,  and  12  L  =  275i.  Thus 
the  electro-motive  force  had  diminished  7  per  cent.,  and  the  liquid  resistance  had  increased  35  per 
cent.  These  two  circumstances  combining,  diminished  the  available  energy  of  the  battery  a  cell 
r  tt'  4-&4-X 

from  =  53|  to  — ^  =  40|,  or  about  25  per  cent. 

12  1  - 

For  the  first  two  or  three  hours  the  conditions  under  which  the  force  F  circulates  in  the 

E  E 

battery  is  expressed  by  F  =  =  -^- ,  which  expresses  that  each  cell  commands  a  resist- 

l"ij  T-  0~r  t*o^ 

ance,  or  has  an  available  energy  sufficient  to  overcome  a  resistance,  equivalent  to  54  turns  of 
standard  wire.  At  six  hours  after  charging,  this  command  had  decreased  to  401  a  cell,  for  the 

E  E 

battery  then  worked  under  conditions  expressed  by  F  =  =  ——  .     The  denominators 

£.6  +  40£         bof 

68}  and  64J  denoting  the  comparative  strength  of  the  electro-motive  force  at  the  two  periods. 
This,  then,  is  believed  to  be  the  most  convenient  form,  size,  and  arrangement,  for  a  Grove  battery 

intended  for  the  explosion  of  powder ;  for  though  on  looking  at  the  numerical  value  of  L  +  —  it 

n 
may  seem  that  the  size  of  the  plates  could  yet  be  reduced,  it  must  be  borne  in  mind  that,  though 

a  forces  expressed  by  and  are  sufficient  at  their  respective  periods  for  fusing  the 

00}  boj 

platinum  wire  when  in  the  galvanometer,  a  still  greater  force  will  be  necessary  for  the  same  fusion 
when  that  wire  is  surrounded  by  powder.  A  small  platinum  wire,  not  exceeding  •  0056  of  an  in. 
in  diameter,  in  contact  with  any  substance,  must  be  subject  to  a  great  abstraction  of  heat  but 
how  much  this  is  Ward  was  not  able  accurately  to  determine,  though  supposing,  as  he  believed  to 

E  E 

be  the  case,  that  about  one-third  is  thus  withdrawn,  —  and  —  would  more  nearly  represent  the 

force  required  to  circulate,  under  such  circumstances,  to  produce  fusion,  giving  46  —14},  or  31}, 
and  42  —  23,  or  19,  as  the  available  energy  to  each  cell.  Again,  if  a  number  of  charges  in  a  circuit 
are  to  be  fired,  a  still  greater  amount  of  circulating  force  is  desirable  to  ensure  success,  and  over- 
come small  differences  in  the  lengths  of  the  several  platinum  wires.  Sometimes  also  a  thicker 
platinum  wire  may  be  employed,  which  would  require  greater  power  to  fuse.  For  all  these 
reasons  any  further  reduction  is  unadvisable. 

Having  thus  decided  that  the  size,  form,  and  arrangement  just  described  were  the  most  con- 
venient for  a  Grove  battery,  when  required  for  the  purposes  of  exploding  powder,  Ward  proceeded 
to  ascertain  what  increase  of  power  he  could  obtain  from  it  by  using  first  concentrated  nitric  acid, 
specific  gravity  1 '  500,  and  then  a  mixture  of  concentrated  nitric  and  sulphuric  acids,  in  equal  pro- 
portions. 

With  the  former,  No.  1  experiment  gave  701. 
„        No.  2          „  „     262. 

From  which  12  L  was  found  =  177,  and  the  comparative  value  of  E  =  439 ;  and  he  therefore 
concluded  that  concentrated  nitric  acid,  used  in  place  of  the  commercial  acid,  increases  the  electro- 
motive energy  of  the  battery  about  7  per  cent.,  but  has  no  influence  on  the  resistance  of  the 
liquid. 

The  mixture  of  concentrated  nitric  acid  with  sulphuric  acid,  in  equal  proportions,  has  for  its 
object  the  strengthening  of  the  former ;  as  the  sulphuric  acid,  from  its  powerful  affinity  for  water, 
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withdraws  that,  which  is  essential  for  the  preservation  of  nitric  acid  in  it*  liquid  state.    A " 

nation  of  the  sulphuric  acid  with  the  small  quantity  of  water  it  finds  diaencaa 
amount  of  heat,  and  the  mixture  gives  forth  copious  fumes  of  nitric  ackL  which  are  oWnrtiw 
health ;  the  liquid  at  the  same  time  in  any  but  practised  hand*  beingdaWerou*  to  I 
desirable  therefore  that  such  a  mixture  should  never  be  applied  in  the  field   or  1*1*1  fa 
unskilful  hands     Its  effect  in  giving  energy  to  the  battery  was  however  tried,  and  the  rwwlt  w 
that  at  first,  while  the  acid  was  warm,  it  had  the  effect  of  reducing  the  '^•rtnnfft  of  the 
but  gave  no  appreciable  increase  of  electro-motive  force.    When  the  whole  had  fclbT 
ordinary  surrounding  temperature,  all  extra  power  had  vanished.    The  employment  of  eon 
trated  nitric  acid  alone  gave  an  increase  of  electro-motive  energy  of  but  7  per  cent,  to  each  cell  al 
that  when  common  acid  was  used.    The  price  of  the  former  is  about  three  times  that  of  the  UtU-r 
and  its  fumes  are  deleterious,  while  the  latter  hardly  emit*  any.    Ward  therefore  mnsiitaiU 
unnecessary  to  employ  these  extraordinary  reagents  in  any  case,  especially  when  any  infc 
power  can  be  compensated  by  a  proportional  addition  of  cells. 

It  may  be  as  well,  before  leaving  the  Grove  principle,  to  show  how  much  the  original  battery  wa* 
susceptible  of  improvement  for  our  particular  object,  and  to  do  this  our  experimenter  ha*  arranged. 
side  by  side,  the  expenses  of  keeping  each  charged  during  24. hours,  so  as  to  be  able  at  any  tun 
during  that  period  to  fire  one  charge  through  conducting  wires  weighing  about  250  grain*  a  raid. 
at  the  distance  of  half  a  mile,  assuming  what  his  experiment*  have  shown  must  be  about  UM» 
truth,  namely,  that  when  allowance  is  made  for  the  cooling  effect  of  the  powder,  a  power  MBIJ^ 

sented  by  —  will  fire  instantaneously  one  charge,  with  platinum  wire  f "  long,  and  weighing 

1  •  66  grain  a  yard. 

Large.  Small 

Price  of  acids  (used  to  charge)    .      ..     17*.  6d.        ..     ..        7».  6rf. 


Weight  of  apparatus  charged 
Size  of  apparatus  . . 

Cost  of 


386}  Ibs 3GJ  lb*. 

6  cub.  ft 4  cub.  ft 

46  guineas   . .     . .        under  101. 


The  inquiry  into  the  power  of  Grove's  pnnciple  of  voltaic  combination  ha*  been  given  in  t"m+ 
detail,  to  show  the  mode  of  proceeding,  and  the  conclusion  to  be  drawn  from  experiment. 

Bearing  in  mind  that  the  size  of  the  plates  has  no  influence  on  the  eK-«-ti«>-m. live  force,  and 
that  any  diminution  of  them  makes  itself  apparent  only  by  an  increase  of  the  reautazxw  of  the 
liquid  reaction,  it  will  be  seen  that  it  was  easy  to  obtain  the  electro-motive  energy  of  any 
particular  arrangement,  by  simply  altering  the  metals  and  exciting  solution*.  Thus,  if  ea*t  iron 
was  substituted  for  platinum,  and  experimental  results  1  and  2  obtained,  we  have  a  onmplrte 
knowledge  of  the  electro-motive  energy  of  one  of  McCallan's  batteries,  and  also  it*  reaictanoe  <rA<* 
made  of  that  size.  The  former  numerical  result  would  stand  true  under  any  arrangement  of  cell* 
and  plates,  and  from  the  latter  the  liquid  resistance  of  any  arrangement  could  be  deduced  *uffl- 
ciently  near  for  all  practical  purposes. 

With  Darnell's  battery  we  have  but  to  substitute  copper  for  platinum,  and  sulphuric  add  and 
copper,  in  the  proportions  recommended  by  Ward,  for  nitric  acid,  and  we  could  obtain  it*  power 
under  every  condition,  and  so  on  with  any  other  combination.  First,  with  re*pect  t<>  DanieU'e 
arrangement,  the  metals  were  zinc  and  copper ;  and  the  solutions  dilute  sulphuric  arid,  in  the  pro* 
portion  of  one  of  acid  and  eight  of  water  for  the  zinc,  and  a  saturated  solution  of  nil  phate  of  copper 
in  dilute  sulphuric  acid,  of  the  same  strength,  with  the  copper,  the  two  solutions  being  kept  apart 
by  a  porous  diaphragm,  whilst  the  temperature  and  conditions  under  which  the  trial*  won  made 
were  similar  to  those  to  which  Grove's  principle  had  been  subjected 

The  electro-motive  force  as  compared  with  Groves  was  as  235  to  41U,  though,  a*  the**  molt* 
were  somewhat  hastily  obtained,  w  do  not  subjait  them  as  wholly  accurate  and  the  nm\t\»nn\  of 
the  liquid  of  12  cells  2"  X  2"  was  242$  turns,  Grove  e  having  been  found  to  have  174)  at  the  flnt 
hour,  and  275£  at  the  end  of  six  hours. 

DanielPs  battery  has  the  advantage  of  greater  constancy,  iis  liquid  rmwtanco,  while  the 
sulphate  of  copper  is  kept  saturated,  remaining  the  same  at  the  same  temperature.  On  the  other 
hand,  difference  of  temperature  has  considerable  influence  on  the  auccea*  of  the  battery,  owing  in 
a  great  measure  to  the  variation  of  the  resistance  of  the  liquid  tin-  -hluto  add  at  a  high  *e—IJf 
rature  taking  up  more  sulphate,  which,  as  the  mixture  cool*,  crystalline  in  the  pone  of  the 
diaphragm,  and  thus  increases  the  resistance  and  diminishes  the  energy  of  the  battery. 

Ward  did  not  test  what  difference  is  due  to  changes  of  temperature,  for  a  Daniell'*  nrranfMMB 
being  more  complicated  than  Grove's,  it  was  but  necessary  to  compare  them  under  ordinary  <xt»- 
ditions  of  temperature  to  determine  their  relative  merit*  in  the  field,  where  moan*  for  raising  Ml 
artificial  heat  cannot  be  generally  accessible. 

Grove's  battery  is  not  so  influenced  by  changes  of  temperature .  thai  iqdieated  by  81 
being  in  all  cases  sufficient,  and  superior  to  this  can  always  bo  obtained  by  mixing  U 
acid  and  water  just  previous  to  charging  the  cells. 

A  trial  was  made  to  form  an  idea  what  difference  of  power  would  result  i 
of  sulphate  of  copper  in  water  was  used  in  preference  t<>  the  mum-  in  dilut-  ijulphu 
electro-motive  force  showed  an  increase  of  power  throughout  the  dav  from  22 
sistance  of  12  cells  2"  x  2"  at  the  commencement  waa  605$,  or  nearly  2|  a*  mu< 
case.    The  latter,  however,  diminished  during  the  day,  owing  to  the  more  ii 
two  solutions  through  porous  cells,  the  battery  consequently  increasing  in  energy,  M 
of  six  hours  it  stood  at  402  turns. 

The  solution,  as  recommended  by  Daniell  pave  the  stronger  energy,  I 
liquid  of  12  cells  being  about  248,  and  the  available  energy  the  cell  equal  I 

The  condition,  then,  under  which  a  battery  having  *urfacu»  of  tine  and 
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V  I? 

in  actton  at  }  of  an  in.  apart,  stands,  is  this:   F  =  —  =  -—  ;  and  as  here  the  value 


of  L  is  (greater  than  tr,  it  is  evident  that  such  a  size  of  plates  is  disadvantageous  for  a  Daniell's 
arrangement. 

The  amount  of  negative  metal  in  this  battery  is  that  comprised  in  a  hollow  cylinder  of  copper 
8J  in.  diameter,  and  varying  in  height  according  to  the  power  desired.  Suspended  in  the  centre  ia 
a  zinc  rod,  that  employed  at  Chatham  being  j  of  an  in.  in  diameter  and  20  in.  high.  If,  then,  wo 
take  for  the  area  of  the  mean  section  of  the  fluid  the  surface  of  a  cylinder  20"  high  and  $"  dia- 
meter, being  the  mean  of  the  diameters  of  the  zinc  and  copper  cylinders,  we  shall  have  a  total 
area  of  nearly  134  in.,  at  a  distance  of  y  of  an  in.  ;  but  it  has  been  found  above  that  a  surface 
of  4"  at  a  distance  of  about  \  of  an  in.  opposes  a  resistance  of  20J,  and  hence  a  surface  of  134  in. 
at  a  distance  of  y  of  an  in.  would  oppose  a  resistance  of  LM  .  leaving  an  available  energy  = 
39J  -  2}  =  36J  the  cell,  when  porous  earthenware  is  employed  as  the  intervening  diaphragm. 

1  >unii  11.  however,  remarks  that  ox-gullet  opposes  less  resistance  than  earthenware  ;  and  if  we 
assume  the  resistance  to  be  diminished  by  this  substitution  to  1J  turn  the  cell,  it  will  be  giving 
the  battery  every  advantage  ;  and  then  the  available  energy  to  each  cell  will  be  37J  turns  for  firing 
the  small  platinum  wire  when  placed  in  the  galvanometer  ;  or  allowing,  as  we  did  before,  that  one- 
third  greater  force  is  required  to  fuse  it  when  in  contact  with  powder,  the  available  energy  a  cell 
will  be  reduced  to  25  turns. 

Supposing,  then,  that  the  Daniell's  battery,  of  the  arrangement  described  by  its  author  and  the 
size  above  specified,  is  required  to  be  applied  to  the  explosion  of  a  mine,  its  power  the  cell,  as  com- 
pared with  the  small  Grove,  would  be  about  as  25  to  32,  or  3  to  4  nearly.  Now,  the  weight  of 
10  cylinders  of  Daniell's  battery  charged  is  137  Ibs.,  whereas  10  cells  of  Grove's  do  not  weigh  8  Ibs.  : 
and  further,  the  Daniell  is  much  more  complicated  in  its  arrangement. 

McCallan's  plan  of  substituting  cast  iron  for  platinum  was  tried.  The  electro-motive  force 
seemed  to  be  about  the  same  as  in  the  Grove's  ;  but  as  it  seldom  remained  constant,  owing  to  the 
dilution  of  the  nitric  acid  aiid  destruction  of  the  iron,  it  was  not  easy  to  determine  it  with  accuracy. 
It  oscillated  between  408  and  413,  that  of  Grove's  being  410.  The  resistance  also  of  the  liquid 
being  at  the  commencement  the  same  as  in  the  Grove's,  it  might  seem  that  iron,  being  cheaper, 
could  be  advantageously  substituted  for  platinum  ;  there  are,  however,  some  material  objections 
to  the  substitution.  The  nitric  acid  destroys  the  iron  during  the  whole  period  that  the  battery  is 
kept  charged,  aud  the  more  so  as  the  acid  gets  diluted,  forming  a  solution  of  nitrate  of  iron  in 
nitric  acid,  and  thus  is  every  moment  deteriorating  its  own  power  of  absorbing  hydrogen,  the 
battery  consequently  falling  in  energy.  The  nitrate  of  iron  also  impregnates  the  porous  cells  ;  and 
in  dismantling  the  battery  it  is  necessary  to  soak  them  for  some  hours  in  water,  to  be  frequently 
changed,  before  permitting  them  to  dry,  otherwise  the  iron  salt  crystallizing  in  the  cells  will  crack 
the  earthenware.  In  addition  to  this,  the  action  of  the  nitric  acid  on  the  iron  is  sometimes  so  great 
as  to  cause  the  acid  to  boil  over,  necessitating  a  rearrangement  of  cells. 

All  this  trouble  and  uncertainty  is  dispensed  with  by  the  use  of  platinum,  which  is  uninfluenced 
by  the  acid  ;  and,  though  the  first  cost  of  a  platinum  battery  is  much  greater,  in  the  end  it  will  be 
found  both  cheaper  and  more  efficacious. 

The  substitution  of  a  saturated  solution  of  nitre  and  sulphuric  acid  in  equal  proportion  was 
tried  with  the  battery  of  McCallan.  This  also  is  a  most  troublesome  arrangement  ;  it  is  very 
inconstant,  so  much  so,  indeed,  as  to  be  quite  unsuited  for  circulating  energetic  currents  ;  it  is  con- 
tinually boiling  over,  and  however  well  it  may  answer  for  experimental  researches  in  a  laboratory, 
it  should  never  be  trusted  for  the  explosion  of  mines.  Its  electro-motive  energy  varies  according 
to  the  amount  of  force  required  to  circulate  ;  but  for  the  quantity  necessary  to  fuse  the  platinum 
wire  it  never  exceeded  $  of  Grove's,  and  only  came  up  to  that  occasionally.  The  object  of  this 
substitution  of  nitre  for  nitric  acid  is  stated  by  McCallan  to  be  economy  ;  but  it  has  been  shown 
that  Grove's  battery  can  be  kept  charged  at  a  cost  of  -jL  of  a  penny  a  cell  an  hour. 

If,  however,  nitre  could  have  been  trusted  to  excite  a  cattery,  even  in  an  inferior  degree,  its  appli- 
cation would  have  been  worthy  of  further  inquiry,  as  it  might  sometimes  happen  in  the  field  that  the 
supply  of  nitric  acid  should  fail  ;  but  so  long  as  gunpowder  remained  in  store  there  could  be  no 
difficulty  in  obtaining  a  suitable  solution  of  nitre,  by  simply  boiling  up  powder  and  filtering  it 
through  blotting  paper.  The  application  of  this  ingredient  however,  as  we  have  before  said,  gives 
very  precarious  and  uncertain  results,  and  should  never  be  resorted  to  by  any  but  those  who  have 
had  long  practical  acquaintance  with  voltaic  phenomena. 

We  now  come  to  another  class  of  batteries,  namely,  those  in  which  but  one  kind  of  solution  is 
employed,  the  use  and  complication  of  porous  cells  being  thus  dispensed  with.  It  was  on  this  prin- 
ciple that  the  voltaic  battery  known  by  the  name  of  Wollaston's  battery  was  constructed.  The 
defects  in  its  mode  of  action,  which  have  been  explained  in  the  first  part  of  this  paper,  suggested 
the  employment  of  either  cast  or  wrought  iron  as  a  substitute  for  copper  ;  the  rough  surface  thus 
presented  to  the  evolving  hydrogen  favouring  its  escape.  Subsequently  Smee  substituted  plati- 
nized silver,  that  is,  silver  on  which  the  black  powder  of  platinum  had  been  previously  thrown 
down,  thus  presenting  an  infinity  of  small  points  to  aid  the  escape  of  the  gas. 

Probably  for  the  circulation  of  currents  of  inferior  energy,  such  as  are  suitable  for  electro- 
plating, the  operation  of  a  Smee  may  be  perfect,  and  no  obstruction  occur  by  the  detention  of  the 
gas  :  but  when  a  force  necessary  for  fusing  platinum  wire  is  required,  the  quantity  of  gas  gene- 
rated is  by  no  means.  satisfactorily  evolved.  In  fact,  the  battery,  as  it  were,  chokes  itself  by  its 
own  exertions  ;  and  if  three  or  four  successive  demands  are  made  upon  it  in  the  course  of  a  few 
seconds,  its  power  of  igniting  platinum  wire  entirely  disappears,  —  nor  does  it  return  till  the  cells 
have  been  allowed  to  rest,  and  thus  set  free  the  hydrogen. 

The  battery  from  which  these  experimental  results  were  obtained  was  identical  in  size  and 
construction  with  the  second-sized  Grove  before  described,  which  was  made  similar  to  this  for  the 
purpose  of  ascertaining  their  comparative  merits. 
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The  electro-motive  force  of  Smee's  battery,  ascertained  when  it  was  actine 

durable  conditions,  was.  as  comnarfiH  with  dmva'a   n«;  »~  AI/\ i  *i_- 

•Wtaoce  of  the  liquid 

„  found  to  be  744.    The 

The  equation  then  representing  the  oondi- 


F=      E 


__ 
3  +  164.      194.  • 

that  is,  each  cell  has  a  command  over  16$  turns  of  standard  wire  when  a  force  sufficient  for  Cosing 


platinum  wire  in  the  galvanometer  is  required  ;  and  as  4,  greater  force  =  —  u  necessary  for  producing 

the  same  result  when  in  contact  with  powder,  the  command  would  be  diminished  to  about  10  turn. 
a  cell  ,   a  Grove  of  the  same  size  commanding  about  40  turns  a  cell  •  and  a  Grore  i  the  u 
about  30  turns  a  cell,  which  shows  clearly  at  what  expense  (even  supposing  Smee's  i3Li5 
capable  of  being  trusted  for  energetic  action)  we  obtain  simplicity  of  arrangement  and  dim 
with  the  use  of  a  second  acid.    The  size  and  form  of  the  Srnee  with  which  the  experimeoteww 
made  are  the  most  convenient  if  a  Smee  must  be  used  for  the  explosion  of  powder  namely  a  sw- 
face  of  metal  =  4"  x  4"  in  each  cell.    And  yet  three  pairs  of  this  are  but  equal  to  one      ft'Chm 
whose  cells  are  but  \  the  size. 

As  the  Smee  is  superior  in  every  way  to  the  Wollaston  and  to  the  zinc  and  iron  battery  men* 
tioned  above,  it  was  of  no  use  to  examine  the  respective  merits  of  the  two  latter  forma  of  voltaic 
apparatus.  One  form  of  battery,  however,  remains  to  be  examined,  namely,  that  of  Dalgidah. 
Its  principle  of  action  has  been  before  noticed.  It  consists  of  an  arrangement  of  12  platinum  «••» 
|  of  an  in.  diameter  and  2"  deep,  over  which  are  suspended,  attached  to  a  bar,  12  cylinders  of  rise 
|"  in  diameter.  The  battery  is  charged  very  readily  by  putting  into  each  cup  4  of  an  ounce  of  nitric 
acid.  At  the  moment  voltaic  action  is  required,  a  pressure  of  the  hand  on  the  bar  immerses  «^il 
zinc  in  its  own  cup  to  a  depth  of  If  in.,  and  at  the  same  time  completes  the  usual  connection*, 
causing  an  immediate  and  energetic  action.  The  withdrawal  of  the  hand  allows  the  sine  to  be 
removed  from  destruction  by  the  elastic  bands. 

The  electro-motive  force  of  this  battery  as  compared  with  Grove's,  using  the  same  nitric  acid 
in  each,  was  as  344  to  410,  and  the  resistance  of  the  liquid  stratum  of  12  cells  =  66  turns,  or  &| 
turns  a  cell.  The  available  energy  of  12  cells  =  622  turns  or  514  a  cell.  The  equation  UMD 

representing  the  circulation  of  a  force  F  stood  F  =  -  -  —  -  =  —  -  ,  from  which  it  will  be  seen 

5^  +  51  $      574. 

that  while  this  battery  is  but  little  inferior  to  Grove's  in  electro-motive  energy,  it  has  an  adv 
tage  over  it,  in  that  its  liquid  stratum  opposes  much  less  resistance  in  proportion  to  it 
this  being  due  to  the  absence  of  Grove's  diaphragms. 

Also  in  looking  at  the  value  of  L  as  compared  with  tr,  it  seems  as  if  this  battery  could  be 
advantageously  reduced  in  size.  The  mechanical  arrangements  of  the  battery,  which  are  some* 
what  complicated,  seem  crowded  even  now  into  as  small  a  space  AS  they  can  well  be  put  with 
safety  ;  and  any  diminution  of  cells  that  could  be  made  would  sensibly  increase  the  portability  of 
the  battery,  as  the  zinc  and  platinum  comprise  but  a  small  part  of  the  actual  bulk.  The  small 
resistance  of  liquid  in  each  cell  is  partly  obtained  by  the  extreme  contiguity  of  the  zinc  cylinders 
to  the  inner  surface  of  the  platinum  cups,  the  distance  being  but  4,  of  an  in.,  and  partly  to  Ui« 
absence  of  porous  cells.  The  successive  wear  and  tear  of  the  zinc  will  tend  to  increase  the  rain* 
of  L,  and  diminish  w.  The  advantages,  then,  of  the  Dalgleish  principle  are  tho  simplicity  pained 
by  the  use  of  only  one  acid,  thus  dispensing  with  the  necessity  for  porous  cells,  and  the  extras* 
readiness  with  which  it  can  be  charged  for  action  ;  it  is,  however,  more  complicated  than  Grove's 
in  its  mechanical  arrangements,  which  require  skilled  labour  of  a  higher  degree  than  ooold  |CBt> 
rally  be  met  with  in  the  field  to  effect  repairs.  It  is  also  more  liable  to  be  damaged  by  eareJessDSSB 
or  accident,  as  it  presents  more  assailable  points. 

The  power  of  each  battery,  taken  in  conducting  wire  of  250  grains  a  ydM  which,  tor  reasons 
presently  to  be  given,  we  have  taken  as  the  best  conducting  medium  for  general  service,  would 
enable  one  charge  to  be  fired  very  readily  at  a  distance  of  250  yds^  or  in  n  nn-int  <>(  '•> 
the  requirements  of  a  battery  were  limited  to  this,  we  should,  where  rough  handling  was  not  to 
be  expected,  prefer  Dalgleish's  battery  to  Grove's  ;  but  on  service  we  presume  far  creator  ei 
will  occasionally  require  to  be  overcome  ;  if,  for  instance,  a  mine  has  to  be  exploded  at  a  distance 
of  half  a  mile,  about  38  or  40  cells  of  each  would  be  required  to  be  placed  in  series,  and 
the  arrangement  of  elastic  bands  and  of  the  development  of  »  1 

hand  becomes  somewhat  troublesome.    The  Grove  is  also  more  perfect  in  its  chemical  act* 
the  hydrogen  set  free  by  the  decomposition  of  the  water  is  immediately-  absorbed  by  the  n 
and  the  consequence  is  that  as  soon  as  the  circuit  is  completed  we  obtain  the  whole  f°mf* 
battery.    In  Dalgleish's  arrangement  the  power  visibly  increases  after  the  ImagnMl 
probably  owing  in  part  to  the  heat  occasioned  by  the  intense  action  of  tho  nitr 
This  property  of  the  battery  is  detrimental  to  firing  a  number  of  charges  i 
cuit,  and  can  only  be  overcome  by  immersing  the  zinc  cylinders  first,  and  tl 
with  the  poles.    These  points  will  present  themselves  with  greater  force  to  any  OB 
the  two  batteries  than  they  can  be  expected  to  do  in  any  description  m  l*Per- 
The  actual  cost  of  constructing  the  two  descriptions  of  batteries  will  down 
on  the  price  of  the  platinum,  which  is  by  far  the  heaviest  item  in  each. 
to  save  expense,  has  been  made  with  platinum  foil.     Ward,  however,  P**"*1 
platinum,  of  about  120  to  130  oz.  to  the  superficial  ft.,  for  the  negative,  "betb 
is  used  makes  no  apparent  difference  in  the  energy  of  the  combination  :  but  as  V 
to  tear,  it  would  in  the  end  be  no  economy  to  use  it. 
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The  approximate  estimate  of  the  cost  of  1 2  cells  of  each  description  of  Grove's  battery,  and 
that  of  Dalgleish's,  is  as  follows  : — 

Platinums/oil  Battery. — |  oz.  of  platinum  foil,  cells,  troughs,  zincs,  and  fittings,  3/.  2s.  Sd. 

Sheet-platinum  Battery. — 3  •  63  oz.  platinum,  cells,  and  so  on,  71.  2s. 

Daltjleish's  Battery. — 9  •  96  oz.  platinum,  J  oz.  pure  gold,  zincs,  castings,  and  fittings,  171.  10s. 

Comparing  the  two  Grove's,  though  the  second  is  more  than  twice  the  cost  of  the  first,  it  will 
prove  more  economical  on  service,  when  it  is  considered  that  5/.  worth  nearly  of  material  out 
of  71.  2s.  worth,  is,  with  ordinary  care,  absolutely  indestructible.  Dalgleish's  battery  cannot  cost 
less  than  171.  10s.  for  12  cells,  the  arrangements  requiring  also  more  than  ordinary  skilled  labour 
to  complete.  Assuming,  then,  the  Grove's  sheet-platinum  battery  to  be  on  the  whole  more  econo- 
mical, its  cost  a  cell,  as  compared  with  Dalgleish's,  is  about  1  to  2^.  The  cubical  space  which  they 
respectively  occupy  is  as  follows : — 

12  cells  of  Grove's  (in.  two  box  batteries)  =  14"    x  4"  x  4"    =  224  inches. 
„         Dalgleish's =  11£"  x  4"  x  7£"  =  345      „ 

Their  comparative  weights  when  empty  are,  Grove's  8  Ibs.,  Dalgleish's  10^  Ibs. ;  the  latter,  how- 
ever, would  not  require  two-thirds  of  the  weight  of  acid  to  be  carried  with  it  on  service,  and  that 
only  of  one  description ;  and  though  these  differences  may  appear  insignificant,  they  will  not  seem 
BO  when  the  quantity  of  available  energy  required  in  the  field  comes  to  be  considered. 

Assuming,  as  a  basis  of  comparison,  that  it  would  be  desirable  to  have  always  a  power  avail- 
able for  firing  one  charge  at  the  distance  of  half  a  mile,  through  the  conducting  medium  and  with 
the  bursting  charge  which  has  been  selected ;  and  also  that  the  same  number  of  spare  cells  should 
be  kept  at  hand  to  replace  those  fractured  or  undergoing  repair ;  the  following  statements  will 
show  the  approximate  cost,  weight,  bulk,  and  other  particulars  in  each  case  : — 

GROVE'S.  DALGLEISH'S. 

Cost  of  construction  of  batteries     ..         511.  ..      ..       1101. 

Weight  of  batteries 54  Ibs 70  Ibs. 

Bulk  of          „         1400  cub.  in 2300  cub.  in. 

We  call  attention  to  the  extreme  ingenuity  displayed  in  the  arrangements  adopted  by  Dalgleish, 
to  carry  out  his  principle  for  producing  voltaic  action,  as,  for  example,  in  the  ready  method  of 
withdrawing  the  zinc  cylinders  from  the  attack  of  a  most  destructive  acid,  and  in  the  plan 
of  making  the  connection  of  the  several  cells,  which  is  most  original,  and  cannot  be  done  justice 
to  by  any  description.  He  combines  metals  and  acids,  so  as  to  produce  a  high  degree  of  voltaic 
energy  by  a  mode  that  may  be  considered  perfect ;  and  though,  on  the  whole,  his  battery,  as  sub- 
mitted, is  not  so  perfect  in  its  voltaic  action  as  Grove's,  is  more  sensible  to  rough  usage,  and  for 
these  as  well  as  the  other  reasons  stated,  not  so  applicable  to  operations  hi  the  field,  yet  it  so 
surpasses  the  batteries  of  every  other  principle,  as  to  entitle  the  inventor  to  special  thanks  for  the 
successful  application  of  a  principle  which  it  has  never  before  been  considered  possible  to  turn  to 
account. 

To  close  the  inquiry  into  the  motive  power,  the  following,  as  far  as  experiments  made  with 
some  haste  tend  to  prove,  are  the  comparative  electro-motive  forces  of  the  several  principles  Ward 
examined : — 

Grove,  410;  Daniell,  235;  Since,  116;  McCallan,  410;  Dalgleish,  344. 

The  zinc,  iron,  and  nitric-acid  battery  is  that  intended  by  McCallan's. 
Or,  if  we  take  E  to  represent  the  absolute  electro-motive  energy  of  Smee's, 

3-54  E  =  Grove's;  2  E  =  Daniell's;  3-54  E  =  McCallan's;  2 '98  E  =  Dalgleish's. 

E 

Now,  the  mechanical  equivalent  for  producing  fusion  in  Smee's  was  found  to  be  — — ,  from 

Uf 

which  the  several  expressions  for  the  other  batteries  may  be  deduced. 

Conducting  Wires. — With  respect  to  the  conducting  wires,  two  factors  are  concerned  in  the 
power  of  resistance  of  any  one  length  to  the  circulation  of  the  current,  namely,  the  metal  of  which 
it  is  composed,  and  the  area  of  the  section ;  the  resistance  varying  directly  as  the  specific  resist- 
ance of  the  metal,  and  inversely  as  the  sectional  area. 

Copper,  it  has  long  since  been  decided,  is  the  metal  whose  specific  resistance,  where  economy 
is  taken  into  account,  is  the  least ;  and  it  only  remained  to  decide  the  area  of  the  section,  or  the 
diameter  of  wire  to  be  used. 

Now,  considering  that  by  increasing  the  number  of  plates  in  series  we  are  able  to  overcome  any 
amount  of  resistance,  it  is  as  well  to  reduce  the  diameter  of  the  conducting  medium  till  the  value 
of  the  copper  wire  destroyed  (some  portion  must  always  be  expended  in  an  explosion)  is  reduced 
to  a  comparatively  insignificant  quantity,  that  is  to  say,  such  as  would  about  balance  the  destruc- 
tion of  zinc  and  consumption  of  acid  necessary  to  overcome  the  resistance  consequent  on  a  still 
further  diminution. 

The  Gutta-percha  Company  supplied  copper  wire  covered  with  gutta-percha,  at  prices  from 
9/.  to  21/.  a  mile,  the  difference  being  due  solely  to  the  greater  or  less  quantity  of  gutta-percha 
covering,  and  not  at  all  to  the  weight  of  copper  furnished.  The  thickest  of  these  averaged  about 
250  grains  a  yard,  the  smallest  about  160  grains.  As  the  former  was,  of  course,  the  superior 
conductor,  was  equally  portable,  and  of  no  greater  expense  than  the  smaller  size,  it  may  be  the 
best  size  for  a  conducting  medium.  It  is  about  ^  of  an  in.  diameter. 

This  sized  wire  when  covered  with  gutta-percha  is  very  flexible,  and  can  be  easily  coiled  on  a 
reel ;  two  miles  in  length  would  easily  pack  in  a  cubic  yard :  its  conducting  power  roughly  stated 
is  such  that  1^  yd.  of  it  would  be  equivalent  in  resistance  to  one  turn  of  the  rheostat  wire,  and 
making  this  allowance,  the  measures  before  stated  can  be  easily  reduced  to  corresponding  lengths 
in  this  wire. 
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The  degree  of  covering  required  to  ensure  perfect  action  depends  on  the  nature  of  the 
plosion  requu-ed;  if  an  explosion  is  to  be  made  under  water,  when  only  one  wire  U  required 
completing  the  circuit  the  most  perfect  covering  is  desirable,  and  the  cost  of  the  wireieJwrf 
would  be  2tt  a  mile  ;  but  for  any  explosion  on  land,  where  a  return  wire  U  nUavs  necessary 
sold  at  9/.,  101   and  111.  a  mile  is  sufficiently  isolated,  especially  if  the  wires  leadinc  to 
are  not  buried  under  the  ground,  or,  if  buried,  kept  as  far  apart  as  possible.    InnoMM  would  we 
recommend  lapping  the  wires,  leading  to  and  returning  from  the  mine,  aide  by  aide,  i 
hitherto  generally  been  done,  for  whatever  advantage  the  practice  may  possess,  thechaacas  ol 
failure  in  consequence  are  many.    If,  for  instance,  in  burying  it  the  spade  by  chaaoe  aha 
bare  the  surface  of  one,  it  would  probably  also  do  the  same  with  the  other  wire-  or  ^H*  U 
from  extraordinary  heat  the  gutta-percha  should  get  soft,  which  it  w;ll  do  at  a  lei 
of  about  160°  Fahr.,  a  twist  in  the  rope  may  bring  the  two  wires  together,  and  the 
afterwards  hardening  would  prevent  their  separation;  and,  above  all,  if  a  fracture  •!» 
place  it  would  be  very  difficult  to  find  on  which  wire  and  whereabouts  it  had  owurml. 

Gutta-percha  is  the  best  covering  for  the  conducting  medium,  as  it  is  the  only  "*t«M  by  which 
perfect  isolation  can  be  obtained  under  every  circumstance. 

Bursting  Charges.  —  There  are  two  descriptions  of  bursting  charges  before  the  •"t""tifl«  world, 
one  of  which  has  been  long  in  use,  and  in  which  a  thin  platinum  wire,  forming  part  of  the  drevtt, 
is  brought  to  such  a  heat  as  to  ignite  the  surrounding  powder;  and  another,  the  invention  of 
Mr.  Brunton.  The  company  with  whom  this  gentleman  was  connected  had  been  in  the  habit 
of  what  is  familiarly  called  vulcanizing  the  gutta-percha  which  covered  the  wire,  to  render 
it  pliable  even  in  the  coldest  temperature,  and  this  led  to  the  discovery  of  the  fuse  in  qnestiob. 
By  the  vulcanizing  process,  sulphur  and  carbon  become  incorporated  with  the  gutta-percha  in  a 
manner,  so  to  speak,  almost  chemically  perfect.  These  two  act  on  the  enclosed  copper  mil*,  and 
in  process  of  time  produce  on  its  surface  a  species  of  sulphide,  portions  of  which,  whi  •:. 
withdrawn,  remain  adhering  to  the  inner  surface  of  the  gutta-percha  covering.  This  inner 
surface,  which  before  was  simply  gutta-percha,  and  therefore  a  non-conductor,  has  now  a  fcvhl* 
power  of  conduction  given  to  it  by  means  of  the  minute  particles  of  sulphide  of  copper  and  carbon, 
The  conducting  power  is  however  very  feeble,  and  seemingly  in  no  two  portions  the  same;  bat 
whatever  the  amount  of  resistance  may  be,  if  it  can  be  overcome  sufficiently  to  circulate  man  a 
force  as  will  ignite  the  sulphur  and  carbon,  the  desired  effect  is  obtained. 

That  the  degree  of  heat,  or  what  is  generally  termed  quantity,  required  for  this  need  Dot  be 
anything  approaching  to  that  for  fusing  a  platinum  wire,  may  be  easily  conceived,  if  we  compare 
platinum,  which  no  amount  of  heat  from  a  smith's  forge  will  melt,  and  the  elements  sulphur  and 
carbon,  which  are  combustible  at  moderate  temperatures  ;  yet  that  the  degree  of  resistance  they 
offer  to  the  passage  of  the  current  must  be  great,  may  be  judged,  when  it  is  stated  that  48  cells, 
and  even  more  sometimes,  of  Grove's  reduced  battery  are  required  to  inflame  them  close  to  the 
battery.  These  same  48  cells  would  explode  a  mine,  by  means  of  the  platinum  fuze,  at  a  distance 
of  f  of  a  mile  very  readily. 

In  order,  however,  to  cause  any  sensible  current  to  pass  through  these  sulphides,  it  is  neemary 
to  close  all  other  channels  of  communication,  that  is,  to  break  the  circuit  of  the  copper  wires; 
then,  with  a  sufficiency  of  power  to  overcome  the  resistance,  a  combustion  with  powder  In  contort 
will  produce  the  desired  explosion  ;  and  on  this  principle  the  bursting  charge  u  made,  a  part  of 
the  copper  circuit  being  broken  and  the  sulphuret  surrounding  that  part  being  laid  bare  and 
covered  with  powder. 

Here,  then,  we  have  two  modes  of  igniting  powder  at  a  distance,  namely,  by  the  rack* 
platinum  wire,  and  by  the  combustion  of  a  compound  which  seemingly  is  a  sulphuret  of  carbon 
and  copper  ;  in  the  former,  the  medium  being  metallic,  and,  therefore,  a  good  conductor,  wgaiw* 
at  the  same  tune  a  high  degree  of  heat  to  fuse  it;  while  in  the  latter,  the  •jjfcl 
opposing  a  very  great  resistance  to  the  flow  of  the  current,  ignites  even  when  a  considerably  k 
quantity  is  actually  passing. 

Now,  bearing  this  in  mind,  and  also  Ohm's  theory  or  law  regulating  the  circulate 
currents,  namely,  that  the  quantity  flowing  by  each  of  two  or  more  portions  siinultani<i>i 
the  inverse  ratio  of  the  resistance  of  each,  the  following  characteristics  of  these  *  ,  ' 

of  bursting  charges,  which  have  been  practically  ascertained,  will  bo  easily  undentood  >• 

1.  To  fire  a  platinum  bursting  charge,  a  return  wire,^  where  water  a 


ciiarge  at  me  distance  01  j  01  a  mue,  or  iiuviugiu  > 

gauge  ;  and  this  shows  that  the  substitution  of  earth  for  metallic  wire  ineni 

much  as  to  diminish  the  quantity  circulating  to  such  an  extent  that  t 

8  U2.  Whatever  number  of  cells— roughly  speaking,  for  of  course  it  cannot  be  »«nra.*«' J  ^^T^j? 
found  necessary  to  arrange  in  series  to  produce  ignition  ui  Brunton  s  fuxe  i 
will  produce  the  same  effect  through  a  copper-wire  circuit  of  1  nu.-; 
one-fourth  that  number  will  permit  of  one-half  this  copper  circuit 
moist  earth.  ..    .  .1^  ^AAuu^t  *rf 

These  two  results  show  that  the  absolute  resistance  of  this  fuzo  is  so  g 
a  mile  of  copper  wire  or  a  large  quantity  of  earth  effects  no  matcriald 
actually  circulating ;  that  is,  if  E  =  the  electro-motive  force,  r  the  red 

that  of  the  sum  of  all  the  other  resistances  in  the  circuit,  then  —  is  very  nearly  «  -^ 


3.  The  eame  number  of  cells  in  series  of  a 

that  would  ignite  Brunton's  fuze  at  the  distance  of  1  mile,  did  not  pMdMM 
platinum  wire  of  the  other  bursting  charges  at  the  distance  of  1  ft.  ;  and  this 
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stood  from  what  has  been  said  before,  for  if,  by  increasing  the  resistance  of  the  liquid  stratum  L, 

E 
we  make  P  =  y-  represent  a  force  generated  by  one  plate,  which  is  not  capable  of  heating 

ti  "F1 

platinum  wire,  any  number  of  such  cells  in  series  will  not  heat  that  wire,  as  F  =  — must 

n  L  +  w 

E  "P1 

be  less  than  -— .  At  the  same  time  if  the  force  required  to  circulate  be  less  than  F  =  -=- 

Li  L 

or  =  F',  and  L  remain  constant,  the  combination  of  cells  in  series  will  have  the  effect  of  diminishing 
tc,  and  ultimately  of  producing  the  required  force  F'. 

From  this  we  also  learn  that  the  force  required  to  circulate  for  the  ignition  of  Brunton's  fuze 
is  considerably  less  than  that  for  the  platinum  bursting  charge,  and  this  is  still  more  apparent  when 
we  find,  as  we  do,  that  it  does  not  produce  any  sensible  heat  in  the  platinum  wire,  much  less  fuse  it. 

The  battery  that  gave  these  results  was  one  that  was  supplied  by  the  Gutta-percha  Company 
as  the  best  then  known  for  igniting  these  fuzes.  It  was  a  common  zinc  and  copper  arrangement, 
each  pair  4"  X  4",  and  each  compartment  filled  up  with  sand  moistened  with  acid.  100  plates 
were  required  to  ignite  a  fuze  with  certainty,  and  even  300  would  not  produce  a  sensible  heat  on 
platinum  wire ;  and  this  is  due  to  the  amount  of  resistance  offered  by  the  intervening  stratum,  in 
this  case  composed  of  sand  and  dilute  acid :  but  as  sand  is  no  conductor,  the  only  reason  for  its 
use  is  that  it  enables  the  batteries  to  be  carried  about  without  spilling  the  acid.  The  average 
resistance  of  the  stratum  of  sand,  supposing  it  to  have  been  entirely  moistened  by  dilute  acid, 
when  a  force  F  was  circulating,  was  found  =  about  12  •  8  turns  at  the  distance  at  which  the  plates 
stood,  and  the  available  force  a  cell  =  6*7  turns,  making  the  equation  representing  its  action 

E  E 

F  =  =  -         .    By  the  employment  of  sand,  certainly  not  one-fourth  the  quantity  of 

12'o-f-o°7         iy°0 

liquid  can  be  used,  consequently  the  resistance  L  must  be  increased  at  least  fourfold,  or  =  51-22, 
which  renders  it  impossible  that  the  force,  which  we  have  called  F,  can  circulate  in  any  such 
arrangement.  The  use  of  sand  also  prevents  the  evolution  of  the  hydrogen,  and  so  reacts  in  con- 
trolling the  electro-motive  force.  These  figures,  however,  are  not  given  as  strictly  correct. 

4.  It  is  easy,  then,  to  see  that  the  diameter  and  description  of  metallic  conducting  medium  for 
the  platinum  charge  are  matters  of  material  consequence,  and  its  standard  resistance  should  in  all 
cases  be  known ;  but  with  Brunton's  fuze  it  is  of  no  consideration  to  know  it,  and  in  this  respect 
Brunton's  fuze  presents  singular  advantages. 

5.  The  isolation  of  the  conducting  medium  to  Brunton's  fuze  must  b§  absolutely  perfect,  whether 
the  explosion  is  to  take  place  on  land  or  in  water;  with  the  platinum-wire  charge  it  need  not  be 
so  in  either.     The  abrasion  of  the  covering  may  be  so  small  as  hardly  to  be  discovered  by  the  eye, 
and  yet  it  will  be  sufficient,  if  in  contact  with  the  earth,  to  cut  off  the  circuit  almost  entirely  from 
the  bursting  charge.     From  Ohm's  law  for  divided  circuits  this  is  easily  accounted  for.     The 
resistance  of  the  fuze  being  by  far  the  most  considerable  one  in  the  whole  circuit,  any  way  by 
which  the  current  can  return  to  the  battery,  without  passing  through  the  charge,  will  be  taken 
advantage  of  for  that  purpose,  by  just  so  much  the  greater  portion  of  the  galvanic  excitement 
generated. 

When  we  consider  the  chances  of  a  covering  like  gutta-percha — and  this  is  the  only  covering 
that  is  known,  which  can  be  employed  in  practice,  and  at  the  same  time  give  perfect  isolation — • 
being  cut  by  a  flint  or  by  a  workman's  spade  while  being  buried,  and  know  that  however  minute 
the  cut  no  power  of  battery  will  be  able  to  overcome  the  obstacle  it  forms,  or  make  up  for  the  loss 
of  fluid  it  occasions,  the  necessity  for  adopting  some  efficacious  protection  over  the  gutta-percha, 
before  the  mode  of  firing  by  Brunton's  fuze  can  be  successfully  applied  in  military  operations,  will 
be  admitted. 

That  this  perfect  isolation  is  not  necessary  for  the  platinum-wire  fuze  is  well  known,  as,  even 
in  water,  the  loss  occasioned  by  a  bare  wire  can  be  overcome  by  extra  power  of  battery.  The 
reason  is  obvious ;  the  resistance  in  the  bursting  charge  is  metallic,  and  consequently  much  less 
than  a  liquid  resistance.  The  conducting  power  of  iron,  which  is  certainly  not  superior  to  that  of 
platinum,  is  estimated  to  be  to  that  of  water  as  400,000,000  to  1,  and,  therefore,  even  supposing 
the  proportion  of  copper  surface  exposed,  on  the  wire  leading  to  and  returning  from  the  platinum 
bursting  charges,  to  be  in  this  proportion  to  the  area  of  platinum  wire,  if  their  surfaces  were 
brought  to  within  a  distance  of  |  of  an  in.  of  each  other,  which  they  never  would  be  in  practice, 
only  one-half  the  quantity  of  the  electric  fluid  would  be  cut  off  from  the  bursting  charge ;  and  if 
to  the  distance  of  1  ft.  apart,  not  -^  part  of  the  force  would  be  arrested  in  its  passage  through  the 
platinum  wire.  As  anything  approaching  this  amount  of  abrasion  can  never  occur,  with  ordinary 
care,  in  practice,  no  fear  of  a  failure  from  a  diversion  of  the  currents  need  be  entertained. 

The  wire  leading  to  the  bursting  charge  having  been  attached  to  the  two  ends  of  the  secondary 
coil,  a  few  plates  of  a  Grove's  battery  circulated  a  sufficient  current  through  the  primary  wires. 
The  usual  contrivance  of  a  temporary  magnet,  for  making  a  breaking  contact,  was  employed  for 
obtaining  intermittent  sparks  in  the  fuze. 

With  this  helix,  and  four  plates  of  Grove's  battery  4"  x  4",  it  was  easy  to  explode  a  bursting 
charge  at  the  distance  of  1300  yds.  from  the  operator,  the  return  circuit  bein//  made  through  the  earth. 
It  was  but  necessary  to  leave  one  of  the  wires  of  the  bursting  charge  in  contact  with  the  earth,  the 
other  being  attached  to  the  wire  leading  to  the  voltaic  arrangement,  with  which  it  was  connected. 
A  wire  from  the  other  end  of  the  secondary  coil  led  to  the  earth,  which,  if  touched,  was  sufficient 
to  explode  the  charge.  There  is  no  doubt  that  this  helix  arrangement  greatly  simplifies  the 
apparatus  required  for  the  explosion  of  these  charges,  for  without  it  about  120  cells  are  required 
to  produce  with  certainty  the  same  explosion.  The  fact  that  a  return  wire  for  completing  the 
circuit  may  be  dispensed  with  is  a  great  recommendation  for  the  adoption  of  this  fuze :  though  at 
the  same  tune  it  must  be  remembered  that  perfectly  dry  earth  will  resist  the  flow  of  any  current. 
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In  a  bucket  full  of  dried  sand  Ward  put  two  plates  of  copper,  1  ft.  square,  at  a  distan.  ,  of  1  I, 
apart  and  the  whole  power  he  could  apply  could  not  ovem.me  the  reVistence  inte 

With  respect  to  firing  a  number  of  charges  simultaneously  with  •  V  , 

platinum  charge,  as  may  be  supposed,  has  the  advantage,  for  on  account  of  th«      "  t 
added  to  the  circuit,  where  a  second  gutta-percha  fuze  is  'introduced  the  force  I 
is  materially  diminished,  and  can  only  be  brought  up  to  the  original 'strength  bjiS^SmZ 
of  power     The  practice  Ward  had  with  this  fuze  was  not  sufficiently  extensive  to  ,riv! 
dence  in  its  application  to  simultaneous  firing- •  hut  t«  «•*«>*«  »»..»  uJl  i 


"-  TT   ,  TV.        •  r — •     ••---  --i :,'     '"o"v  opdMuiig,  n»  ure  iwo  piacea  in  the  Mine  eiir 

216  fired  three  in  a  circuit  of  one  mile:  360  fired  six ;  and  480  fired  eight  in  the  wmo  circuit 

These  experiments  were  made  in  Brunton's  presence,  the  wires  being  under  m.U-r  in  the 
canal  basin ;  but  it  should  be  remembered  that  the  whole  of  the  circuit  was  not  mt-ullir  .  f«-« 
yards  of  the  return  portion  being  through  earth  and  water,  which  however,  when  eonnarcd  »ith 
the  great  extent  of  wire,  may  be  considered  to  have  no  sensible  influence  on  the  result  Fnun 
them  it  will  be  seen  that  these  fuzes  are  capable  of  being  exploded  simultaneously  wh.-n  t.Urwi 
in  a  circuit ;  but  it  requires  more  practice  to  determine  if  they  can  be  BO  tainted,  and  it  i*  •i>i«rvut 
that  each  additional  one  requires  a  large  addition  of  cells.  With  the  platinum-wire  lux*,  to 
addition  of  two  plates  for  every  charge  inserted  is  all  that  is  necessary  to  establish  the  circuUtw* 
of  the  required  force.  The  platinum  charge  possesses  a  great  advantage  over  the  ffutU-MMb* 
fuze,  in  that  its  resistance  being  metallic  is  uniform,  while  that  of  the  gutta-percha  depend*  uj«.ti 
the  degree  of  action  that  has  taken  place  on  the  copper  wire,  and  especially  OB  the  extent  of 
sixlphuret  circuit ;  for  its  resistance  is  so  great  that  an  additional  length  of  one-eighth  of  an  inch 
causes  a  great  diminution  of  force  in  circulation.  This  last  circumstance,  combined  with  tit* 
degree  of  action  that  has  taken  place,  tend  to  make  the  resistance  so  variable,  that  sometimes) 
12  plates  have  been  able  to  ignite  a  fuze :  it  is  not  safe  to  apply  less  than  100  plate*  of  the  f*lH 
battery  With  the  platinum  charge  two  plates  are  always  sufficient  to  overcome  the  msislsmisj 

.  The  gutta-percha  fuzes  are  also  liable  to  deteriorate  by  exposure  to  the  air,  sulphate  of  copper 
forming  where  the  sulphides  were,  and  the  fuze  losing  in  consequence  its  inflammable  properttea. 
Several  modes  have  been  tried  of  making  these  fuzes;  some  requiring  six  months  to  mature, 
and  others  only  half  an  hour ;  but  the  respective  sorts  seemingly  present  thin  property,  that  the 
sooner  they  come  to  maturity  the  easier  they  deteriorate.  Both  descriptions  of  fuie  hate  their 
peculiar  advantages.  The  one  may  be  issued  ready  made,  as  an  article  of  (tore,  and  the  other 
would  sometimes  turn  to  account  in  an  emergency  in  the  field,  when  the  store  supply  had  been 
exhausted.  In  fact,  the  range  of  inquiry  with  respect  to  this  description  of  fuze  is  very  extensive, 
and  well  worthy  of  pursuit.  It  may  be  apprehended  that  such  enormous  distances  will  not  be 
necessary  in  the  field :  as  the  cost  of  the  return  metallic  circ  uit  can  be  made  up  by  a  Ices  expend!* 
ture  of  gutta-percha  in  procuring  isolation ;  as  the  resistance  of  any  now  employed  can  be  ascer- 
tained with  sufficient  accuracy  and  hardly  any  labour  in  a  few  minutes ;  and,  as  we  shall  show,  the 
power  required  for  any  proposed  explosions,  simultaneous  or  otherwise,  can  be  calculated  with  far 
more  correctness  and  confidence  than,  with  respect  to  the  gutta-percha  fuze,  it  is  as  yet  possible 
to  do ;  and,  above  all,  as  the  casualties  that  ordinarily  attend  the  laying  out  and  bury  ing  of  the 
conducting  medium  will  have  no  sensible  effect  on  the  platinum  fuze,  while  they  hare  a  most 
important  one  on  the  other,  it  seems  right  to  conclude  that,  as  far  as  our  experience  goes,  the 
platinum  fuze  possesses  greater  recommendations  for  use  in  military  engineering. 

Having  thus  decided  on  the  most  suitable  battery,  conducting  medium,  and  bunting  chsrjrr.  It 
remains  yet  to  point  out  the  rule  for  calculating  the  number  of  cells  necessary  for  exploding  any 
arrangement  of  charges  with  them,  and  at  any  distances  that  may  be  required.    Tin 
the  platinum  wire  of  the  bursting  charge  will,  of  course,  influence  the  resistance  o    that  |*rt 
of  the  circuit.     From  practice,  it  lias  been  found  that  a  wire  J  of  an  in.  long  gives  sufficient  heat, 
with  the  least  expenditure  of  power;  and  it  therefore  seems  desirable  to  use  that  length,  u  it 
well  to  adopt  some  one  length,  whatever  it  may  be.    A  length  of  |  of  an  in.,  weighing! 

•  a  yard,  offers  a  resistance  of  nearly  61  turns  of  standard  wire,  which  U  equivalent  t<»  »l«n 
of  the  selected  copper  conducting  medium,  weighing  250  grains  a  yard ;  and  any  extra  length 
employed  must  be  allowed  for  in  the  same  ratio. 

.Referring  back  to  the  equations  representing  the  working  of  the  rednc 

will  be  seen  that  F  =  —  is  assumed  as  the  mechanical  expression  representing  that  each  cell  of 
the  battery,  in  fair  working  order,  may  be  subjected  to  a  controlling  resistance  equal  to  4«  turns 
of  standard  wire,  and  yet  will  fuse  the  platinum  wire  in  the  midst  of  powder:  and  thai  ^ 
represents  the  conditions  of  fusion  when  no  powder  surrounds  the  wire :  but  as  it  is  the  r 
the  explosion  of  powder  which  we  have  now  to  consider,  the  cxpreerion  ^  most  concerns 
this  expression  for  the  power  in  strong  action,  that  is,  during  the  first  two  or  three  hooi 
represented  by  1<t  f  Q11  where  14}  is  the  average  liquid  resistance  a  cell, and  31 J 


i-rj  -T  i»ij 

available  for  overcoming  the  metallic  resistance. 

Roughly  speaking,  li  yd.  of  the  established  conducting  medium  of 
equivalent  In  rPesistangce  to  £  turn  of  the  r^^i^o^o^l^m^ 


equivalent  in  resistance  to  one  turn  01  me  rnwmmi.,  m^  "J  -  ,  i.iinnm  «trr  I 

be  equal  to  about  46  yds.  of  the  conducting  medium ;  and  the  resij  _         • 

an  in.  long,  and  1-65  grain  a  yard,  being  60  turns,  would  beeaual  to,  say,  iw 
For  firing  a  mine  at  any  distance  when  the  battery  is  in  goot       «,  w< 
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rule:— Take  the  whole  circuit  in  yards,  including  distance  up  and  down  shafts,  add  to  it  100  yds. 
for  every  charge  in  the  circuit,  and  divide  by  46  for  the  number  of  cells.  This  is  the  rule  that 
theory  points  out ;  it  will  not  be  advisable  to  draw  it  so  fine  in  practice:,  but  our  object  at  present 
is  to  show  the  principle  which  regulates  the  calculation. 

E  F 

Again,  when  the  battery  has  been  six  hours  in  action,  —  and  — —  are  shown  to  be  the 

42  63J 

mechanical  expressions  representing  the  resistance  which  each  cell  has  the  power  of  bringing 
under  control  whilst  circulating  a  force  sufficient  to  fuse  the  wire  in  and  out  of  powder.  Taking 

— ,  which  concerns  us  most  at  this  moment,  we  find  by  referring  back  that  23  of  the  42  turns  are 
consumed  by  the  liquid  resistance  of  each  cell,  and  only  19  a  cell  are  left  to  overcome  metallic 
resistance,  in  fact  --•-  being  =  .  These  19,  expressed  in  turns  of  the  established  con- 

ducting medium,  =  28£  yds.  a  cell.  Having  now  therefore  but  28£  yds.  of  available  energy  a  cell, 
instead  of  46,  the  rule  for  calculating  explosion  must  be  modified  as  follows : — Take  the  whole 
circuit  as  before  in  yards,  add  to  it  100  yds.  for  every  charge  placed  in  the  circuit,  and  divide  by 
28£  for  the  number  of  cells,  and  it  will  be  seen  that  these  two  rules  give  widely  different  results  ; 
as,  for  instance,  if  a  mine  were  required  to  be  fired  at  a  distance  of  half  a  mile,  the  former  would 
give  41  cells  and  the  latter  66  cells  as  requisite. 

If  at  any  time  an  economical  use  of  cells  is  of  consequence,  it  is  desirable  to  have  a  ready 
mode  of  ascertaining  what  condition  the  battery  is  in ;  for  it  matters  not  what  that  may  be, 
provided  we  can  ascertain  it,  and  apply  the  proper  rule.  Fortunately  there  is  a  very  ready  mode 
of  ascertaining  with  sufficient  exactness  the  power  of  any  arrangement  of  cells  in  series  at  any 
moment,  and  of  determining  the  number  of  cells  necessary  at  any  period  between  the  first  charging 

V 

and  six  hours  after.     We  have,  for  instance,  seen  that  when  the  battery  is  in  good  action is 

68  i 
the  force  necessary  for  firing  one  platinum  wire  placed  in  the  galvanometer,  that  double  this  force 

E  E 

or  —  will  be  required  to  fuse  two  side  by  side ;  similarly,  a  force  represented  by  —  is  required 

Ot  ^Q 

E  E  E 

for  firing  three,  —  for  four,  — —  for  five,  — —  for  six  wires,  and  so  on ;  these  results  all  depending 

on  the  figure  68i,  which  at  this  period  represents  the  electro-motive  energy  of  the  battery  in  turns 
of  standard  wire. 

Whatever  may  be  the  number  of  wires  that  can  be  fused  side  by  side,  the  resistance  of  the 
liquid  stratum  cannot  be  affected  by  it ;  and  while  the  electro-motive  force  a  cell  remaiue  at  68i, 
the  fact  of  being  able  to  fuse  any  number  of  wires  side  by  side  shows  that  the  resistance  of  the 
liquid  stratum  cannot  be  so  much  as  the  denominator  of  the  fraction  representing  the  force 
required  for  such  fusion.  For  instance,  if  five  wires  can  be  fused  side  by  side,  the  resistance 

E 
of  the  liquid  cannot  =  13f,lor  if  it  did,  the  force  would  be  exactly  balanced  by  the  resist- 

!•% 
ance,  and  could  not  circulate ,  if  six,  it  cannot  equal  Hi.    Having  thus  ascertained  that  five  wires 

E 
can  be  fused,  and  not  six,  it  would  be  quite  safe  to  call  L  =  13f ,  and  as  —  represents  the  force 

necessary  for  fusion  in  powder,  it  is  perfectly  certain  that  at  that  moment  the  available  energy 
a  cell  for  an  explosion,  in  turns  of  standard  wire,  cannot  be  less  than  46  —  13 1  -  32i  turns  = 
48  yds.  of  selected  medium.  Similarly,  if  but  four  wires  can  be  fused,  it  will  be  perfectly  safe  to 
allow  44  yds.  of  selected  medium  a  cell ;  or  if  but  three,  35  yds.  a  cell,  the  resistance  of  the  liquid 
at  this  period  approaching  23  turns. 

At  the  end  of  the  day  of  six  hours  it  has  been  seen  that  the  electro-motive  force  has  fallen  in 
the  proportion  of  68i  to  63.  And  the  available  energy  a  cell  will  be  reduced  as  follows :  if  four 
wires  fuse  and  not  five,  to  39  yds. ;  and  further,  if  three  wires  fuse  and  not  four,  to  32  yds. ;  and 
it  would  not  be  possible  to  fuse  five  wires,  with  electric  energy  at  63,  at  any  intervening  period, 
but  an  allowance  of  li  per  cent,  an  hour  for  the  diminution  of  the  electro-motive  force  will  give 
the  available  energy  a  cell  at  that  time. 

This  detail  has  been  given  to  show  the  principle  of  the  rule  and  its  amount  or  accuracy,  but  in 
practice  the  whole  may  be  combined  into  this  simple  one.  Previous  to  firing  a  mine,  when  all 
the  plates  are  arranged  and  connected,  insert  five  wires  in  the  slits  of  the  galvanometer,  and  place 
the  whole  series  on  to  fuse  it.  In  all  cases  it  is  desirable  to  put  on  the  whole  number  of  cells  you 
intend  applying  to  the  explosion  required,  as  by  this  means  you  obtain  a  practical  proof  of  what 
that  combination,  with  all  the  errors  the  manipulator  may  have  committed  in  arranging  the 
battery,  is  able  to  perform ;  and  you  must  take  care  not  to  touch  the  connection  of  the  battery  after 
you  are  satisfied  as  to  the  power  it  presents  for  your  use.  If  a  fusion  takes  place,  allow  44  yds.  of 
circuit  for  every  cell ;  and  if  the  number  of  cells  employed  do  by  calculation  cover  the  range, 
reckoning  the  charge  as  100  yds.,  you  may  feel  confident  in  the  explosion  taking  place  as  soon  as 
the  connection  is  made — if  there  are  not  sufficient  cells,  add  one  for  every  44  yds.  over.  If  only 
four  wires  fuse,  allow  39  yds.  a  cell ;  if  only  three,  32  yds. 

The  trial  should  be  made  with  all  the  cells  that  it  is  proposed  to  use,  and  if  any  are  subse- 
quently added  it  should  be  repeated;  for  the  more  cells  there  are  in  combination,  the  more 
accurate  is  the  result.  The  advantage  of  the  trial  is  that  the  result  immediately  points  out  any 
mistake  that  has  been  made  in  charging  the  cells,  or  in  arranging  them,  and  also  if  that  mistake 
is  of  any  material  consequence ;  and  it  may  be  assumed  that  the  same  series  of  this  size  of  plates 
that  will  fuse  five  wires  side  by  side,  will  as  surely  command  a  circuit  of  44  yds.  for  every  cell. 
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As  the  diameter  of  the  conducting  medium  is  of  great  importance,  aa  well 
ance,  it  is  fortunate  that  the  rheostat,  by  a  mode  essentially  practical,  enables  us  readily  to 

doing  this  has  been  explained  before,  and  need  not  now  be  repeated  •  it  will  fc 

that  the  probable  error  of  a  single  observation  with  Grove's  battery  does  not  ex«*eduW« 

(for  winch  an  allowance  can  always  be  made  on  the  safe  side),  and  that 

use  the  instrument  could  in  an  hour  ascertain  the  resistance  of  anv  platinum 

obtained  on  the  spot,  or  of  two  or  three  miles  of  conducting  medium,  an  w.-U 

concerning  the  battery,  so  as  to  be  able  to  apply  them  with  certainty  to  explode  anv  ami 

of  charges  that  may  be  desired. 

However,  it  is  essential  that  every  portion  of  conducting  wire  issued  on  service  •hoold  be  novel 
first.  Let  there  be  one  description  of  wire  kept  at  the  depot,  which  should  weiuh  for  the 
accuracy,  somewhere  near  250  grains  a  yd.,  and  be  covered  with  gutta-percha  •  but  beyond  thai 
no  precaution  is  necessary,  nor  is  it  essential  to  know  the  precise  diaineter  or  weight  ofiL  A 
rheostat  rated,  so  to  speak,  from  this  standard  should  be  supplied  to  each  branch  depot  or  head- 
quarters,  and  batteries  and  wires  similarly  rated  should  be  also  furnished  in  quantities  i 
to  meet  the  probable  requirements. 

Thus  if  any  portion  of  the  supplies  for  voltaic  purposes  should  fall  short,  if  tin-  ex 
all  the  platinum  wire  should  render  it  requisite  to  employ  fine  iron  wire,  if  it  should 
to  use  a  different  conducting  medium  in  the  place  of  the  established  one,  or  a  different  battery  of 
different  acids,  or,  in  fact,  if  any  alteration  should  be  rendered  imperative  from  local  circnmstancea, 
we  shall  have  a  ready  mode  of  calculating  the  allowance  to  be  made  in  consequence  of  the  M£ 
stitutions;  and,  above  all,  we  shall  have  the  power  of  comparing  practice  in  different  part*  of  the 
world,  and  of  estimating  accurately  the  merits  of  any  new  combinations,  by  a  report  of  the  experi- 
ments of  half  a  day. 

The  task  of  perfecting  the  details  of  these  arrangements  must  necessarily  devolve  on  those  who 
may  be  directed  to  continue  this  inquiry,  as  the  operator  merely  touches  on  the  advantage!  that 
may  be  attained  through  careful  attention. 

Simultaneous  Firing.— It  may  be  necessary  to  say  a  few  words  on  the  simultaneous  firing  of  a 
number  of  charges  or  mines  by  one  battery,  and  point  how  theory  guides  us  to  a  just  oonclnaion  M 
to  the  number  of  plates  necessary  for  any  number  under  any  arrangement.  Reasoning,  tb*n,  from 
the  results  obtained  from  Grove's  battery,  we  have  found, 

E 

1st.  That  a  force  represented  by  —  is  required  to  circulate,  in  order  to  produce  an  explosion 

of  one  bursting  charge  made  with  platinum  wire  »  of  an  in.  long,  and  weighing  about  1 -G5  grain 
per  yd. 

2nd.  It  is  also  admitted  that  when  any  force  circulates  in  the  manner  that  a  voltaic  electric 
force  does,  the  quantity  passing  at  any  one  time  in  all  parts  of  the  circuit  is  the  same,  but  that  the 
heat  developed  at  particular  parts  depends  on  the  quality  of  the  metal,  its  diameter,  and  eondnrU- 
bility.  If,  then,  we  place  in  the  circuit  any  number  of  short  platinum  wires,  identical  in  weight 

E 
and  length,  and  cause  a  force  —  to  circulate  through  it,  we  are  led  to  expect  that  they  will  all 

fuse  at  the  same  instant,  and  if  they  do  so,  the  explosion  will  also  be  simultaneous.  Now,  in  order 
to  cause  such  a  force  to  circulate,  it  is  only  necessary  that  cells  should  be  added  capable  of  over- 
coming the  resistance  added  by  introducing  each  charge,  or  cells  equivalent  to  'JO  yds.  of  atleoted 
conducting  medium ;  that  is,  when  the  battery  is  strong,  two  cells  a  charge,  and  at  other  UBM 
three  cells  a  charge.  This  theory,  if  practically  applicable,  ia  productive  of  great  economy  both 
in  cells  and  wire  ;  for  supposing  twelve  charges  to  be  exploded  simultaneously  at  the  distance  of 
one-seventh  of  a  mile,  or  in  a  circuit  of  half  a  mile,  by  the  rule  before  given,  when  the  batUfy  is  ia 
strong  condition  44  cells  would  do  the  work  easily  with  an  expenditure  of  hut  half  a  mile  of  con- 
ducting medium ;  whereas  if  each  had  to  be  fired  by  a  separate  battery,  we  should  require  23  cells 
and  half  a  mile  of  wire  for  each  charge,  making  in  all  six  miles  of  wires  awl  264  colls. 

At  the  close  of  the  latter  day  Ward  arranged  twenty  Hiargi-s  in  n  circuit  •  •(  ' 
endeavoured  to  fire  them  by  48  of  Grove's  small  cells,  when  only  fifteen  exploded.  Twenty  ehtnei 
it  will  be  seen  by  the  rule  given,  were  more  than  the  battery  of  48  cells  could  bear;  for,  alk* 
one  cell  for  each  46  yds.  of  circuit  (17),  and  two  for  every  cliarge  (2  x  20),  would  give  57  cells  aa 
necessary :  but,  as  he  had  not  that  number,  48  f , .  _ 

were  tried,  and  failed.  In  practice  it  is  always 
best  to  be  on  the  safe  side  of  the  rule,  and  even 
to  add  a  dozen  cells  to  the  estimated  quantity  to 
make  sure. 

Such  is  the  imperfect  practice  which  Ward 
had  with  the  smaller  description  of  platinum  wire 
in  the  bursting  charge.  We  will  presently  sketch 
out  the  rules  for  guidance  in  making  future  trials ; 
but  we  first  notice  the  following  mode  of  simul- 
taneous firing,  which  has  been  before  greatly  re- 
commended for  its  safety. 

Supposing  B,  Fig.  1158,  to  be  the  battery,  and  C,  C.C,  C.C.,  five  mines  1 
venient  distance  from  B  two  mercury  cups  M  M,  should  be  placed,  a  wire  from  ear 
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to  each  cop,  and  a  pair  of  wires  from  the  cups  to  the  battery.  This  mode  of  arrangement  has  the 
advantage  of  connecting  each  mine  directly  with  the  battery,  and  making  its  explosion  independent 
of  any  error  that  may  have  occurred  in  any  of  the  other  mines.  So  far  it  has  great  advantages, 
and  we  also  save  five  pairs  of  wires,  which  would  have  been  required  to  cover  the  five  distances, 
B  C,,  B  C2,  &c.,  and  it  only  remains  to  determine,  by  reference  to  the  preceding  investigation,  what 
power  of  battery  is  necessary  to  explode  the  five  simultaneously. 

As  it  is  evident  that  the  battery  B  must,  when  the  distances  C,  M,  C2M2,  &c.,  are  all  equal, 
circulate  the  same  amount  of  force  through  each  of  the  bursting  charges  C,  C2  C3  C4  C5,  and  as  each 
platinum  wire  must  be  brought  to  a  state  of  fusion  in  surrounding  powder,  the  force  to  fuse  all  or 

E 

that  flowing  along  B  M  and  M,  B,  must  be  five  times  that  for  fusing  one.    Now  —  in  standard 

46 

E 

measure  is  assumed  as  a  representation  of  the  force  for  fusing  one  wire  in  powder,  therefore ,  or 

446 
E 

say  — ,  will  be  that  required  for  fusing  all.    With  the  reduced  Grove  arranged  in  series  no  num- 
9 

ber  of  cells  could  circulate  this  force ;  because,  as  before  stated,  the  liquid  resistance  is  more  than 
9,  or  =  14J  ;  and  it  then  follows  that,  unless  we  can  reduce  this  resistance  L,  we  cannot,  with  the 
Grove  in  question,  explode  these  five  charges  simultaneously. 

There  is,  however,  the  following  ready  mode  of  reducing  the  amount  of  this  resistance.  Imagine 
a  current  of  electricity  flowing  through  a  circuit  of  wire  BCD,  the  parts  of  which  B  C,  CD,  and 
D  B,  Fig.  1159,  being  identical  in  all  respects,  will  oppose  an  equal  resistance  for  equal  portions  to 
the  circulation  of  the  current.  Now  let  the  portion  C  D  be  increased  to  double  the  size,  or,  what  is 
the  same  thing,  along  that  portion  of  the  circuit  let  another  wire  identical  with  C  D  be  placed, 
carrying  the  electric  fluid  from  C  to  D  concurrently  with  C  D,  and  the  effect  will  be  that  the  resist- 
ance of  the  length  C  D  of  the  circuit  will  be  reduced  to  one-half,  or,  if  a  third  wire  be  added,  it 
will  be  reduced  to  one-third,  and  so  on. 

1159.  1160 
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Now,  altering  this  disposition  of  the  circuit,  let  us  imagine  one  battery  B,  Fig.  1160,  say  of  12 
cells,  circulating  a  current  B  C  D  as  before,  having  another,  identical  in  all  respects,  placed  along- 
side of  it,  the  two  zincs  being  connected,  as  also  the  two  platinums,  and  the  current  circulating  iu 
the  direction  Z  P  D  C.  Banishing  for  a  moment  from  the  mind  the  idea  that  the  electricity  is 
being  generated  there,  which  circumstance  cannot  affect  the  reasoning,  it  will  be  seen  that  if  the 
resistance  of  12  cells  before  was  12  L,  the  resistance  by  this  new  arrangement  of  this  part  of  the 
circuit  has  been  reduced  to  6  L  ;  or  imagining  the  two  batteries  B  and  B,  each  of  12  cells,  to  be  now 
one  battery,  the  resistance  of  the  12  cells  of  this  new  machine  is  now  but  one-half  of  what  it  was 
in  the  old  one ;  and  if  a  third  battery  was  put  alongside,  the  resistance  of  the  combination  would 
be  4  L,  and  so  on.  We  can  therefore  make  a  battery,  without  any  more  trouble  than  that  of  altering 
the  modes  of  connection,  which  shall  give  a  resistance  of  liquid  of  any  degree  we  please;  and  there- 
fore we  can  circulate  with  economy  any  amount  of  force,  or  in  fact  form  a  battery  suitable  for  any 
purpose. 

"F1 

In  the  case  we  have  taken,  we  require  to  circulate  an  amount  of  force  expressed  by  —  in  stan- 

y 

dard  measure,  where  R  =  L  +  to  =  9.  The  most  economical  mode,  theoretically  speaking,  to  cir- 
culate this  is  to  make  a  battery  in  which  L  =  4£,  leaving  4|  of  standard  measure  for  each  cell's 
available  energy ;  but,  on  practical  considerations  before  noticed,  L  should  be  somewhat  less 
than  w. 

The  resistance  of  each  cell  of  the  Grove  battery  adoped  has  been  shown  to  be  about  14^.   Now, 

five  batteries  arranged  abreast  will  reduce  this  to  — —  ,  say  3,  leaving  9  —  3=6  turns  =  9  yds. 

o 

of  adopted  conducting  medium  as  the  available  energy  a  cell ;  and  if  in  the  case  before  ns  we  sup- 
pose the  distance  M  B  to  be  one  quarter  of  a  mile  =  440  yds.,  and  the  distances  M  C,,  M  C2,  and 
so  on,  each  =  100  yds.,  the  mode  of  calculating  the  number  of  cells  to  produce  instantaneous  explo- 
sion of  these  five  thus  arranged  would  be  :  circuit  M  C,  Mz  including  platinum  fuze  =  200  +  90, 

290 
then  the  resistance  of  five  concurrently  would  be   —  =  58  ;  to  this   add  440  x  2  (=  880), 

D 

giving  938,  and  dividing  by  9  yds.,  the  available  energy  a  cell,  will  give  104  cells  for  the  number 
in  combination  five  deep  in  series,  or  104  x  5  =  520  cells  in  all. 

Now,  by  the  other  mode  of  simultaneous  firing,  a  much  less  number  of  cells  will  be  necessary : 
any  one  of  these  charges  could  have  been  fired  by  an  arrangement  of  30  cells  with  ease,  and  as 
many  more  introduced  into  the  circuit  at  the  rate  of  two  or  at  most  three  additional  cells  for  each 
charge. 

The  reason  for  this  immense  difference  in  the  number  of  cells  necessary  in  the  two  modes  is 
that,  in  the  case  where  all  the  platinum  wires  are  placed  in  one  circuit,  it  is  not  necessary  to 
increase  the  amount  of  circulating  force,  because  the  quantity  flowing  through  one  charge  helps 
to  raise  the  heat  of  all ;  but  in  the  latter  arrangement  it  is  necessary  to  supply  heat  sufficient 
to  melt  five  platinum  wires,  of  one  thickness,  simultaneously;  and  as  they  share  the  electric 
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current  established  between  them,  five  tunes  the  amount  of  force  is  neceaaary.  If  then,  an  eatation 
j— -—  =  F  represents  a  battery  in  which  L  +  v>  are  economically  arranged  to  produce  a  force  F. 

E  T 

then  - — -  =  5  F  represents  a  disposition  for  fusing  five  such  wires.  Now  —  it  ha*  been  ahowa 

_  i 5 

5  "*~5 

can  only  be  produced  by  placing  five  cells  abreast,  and  as  -^- ,  representing  the  available  energy  of  •> 

cell,  is  only  one-fifth  of  what  it  was  before,  it  requires  that  five  tune*  a*  many  should  be  arranged 
in  series,  end  on,  to  overcome  any  given  resistance. 

These  are  the  only  two  principles  of  firing  simultaneously  that  are  practised,  for  the  following 
arrangement  is  but  a  modification  of  the  second  mode,  as  will  bo  apparent,  and  the  aame  mode  of 
calculation  applies  to  it.  We  have,  by  the  second  arrangement,  a  mode  of  exploding  any  number 
of  charges  simultaneously,  and  from  the  arrangement  itself  it  is  evident  that  a  failure  eannot 
take  place,  for  each  charge  will  be  quite  independent  of  the  others.  At  the  aame  time  it  i*  wtr 
doubtful  if  any  economy  is  secured  by  this  arrangement.  Supposing  BMC,,  in  Pig.  1158,  to  be 

540  yds.  as  before,  -—  +  2  gives  26  cells  as  quite  sufficient  for  exploding  that  one  mine,  and 

therefore  26  X  5  =  130  cells  would  be  enough  to  explode  all  five  simultaneously,  if  «odt  raaraii 
had  a  pair  of  wires  leading  to  B.  Now,  to  economize  four  pairs  of  wires  along  M  B,  or  to  care  the 
trouble  of  laying  out  two  miles  of  wire,  we  are  obliged  to  employ  520  —  150  =  370  extra  e*!U ; 
and  it  becomes  a  matter  for  consideration  whether  the  extra  expenditure  of  trouble  and  acid,  at 
the  source  of  supply,  does  not  more  than  counterbalance  the  labour  of  arranging  the  wire*.  IB 
fact,  the  first  principle  of  simultaneous  firing,  namely,  that  of  placing  all  charge*  in  one  circuit,  U 
the  only  economical  mode,  and  that  it  requires  but  a  knowledge  of  the  principle*  which  we  hare 
endeavoured  to  make  clear,  without  any  finessing  in  practical  detail*,  to  ensure  sacoe**  with  it  on 
every  occasion.  The  great  cause  of  failures  in  simultaneous  explosion  has  been  the  want  of 
sufficient  power;  and  if  any  one  will  take  the  trouble  to  examine,  on  the  principle  of  Ohm'* 
theory,  the  statistics  of  recorded  failures,  they  will  see  that  they  all  thua  occurred  from  a  manifavt 
want  of  power ;  so  that  instead  of  disappointment  at  their  want  of  success,  they  will  wonder  how 
they  ever  succeeded. 

It  has  generally  been  the  habit,  as  a  matter  of  precaution,  to  solder  two  wire*  aide  by  aide  in  a 
bursting  charge,  in  case  one  should  break ;  would  any  one  unacquainted  with  Ohm'*  thr»«ry 
imagine  that  if  a  battery,  economically  constructed  for  fusing  one  wire,  were  used  to  fuae  two  aid« 
by  side,  it  would  not  be  able  to  produce  even  visible  heat  in  either  of  the  two,  or,  in  fact,  that  it 
would  require  four  times  as  many  cells  (arranged  as  explained  before)  to  fuse  thece  two  wire*? 
yet  sometimes  three  or  four  have  been  so  placed.  Occasionally  two  charge*  are  placed  thua, 
C,  C2,  Fig.  1161,  in  one  powder-box,  each  (C,  and  Cz)  having  two  platinum  wire*.  If  a  battery 
were  economically  constructed  to  fuse  one  such  wire,  it  would  require  nearly  sixteen  time*  a*  many 
cells  to  fuse  the  four. 


1161. 


Cl     C3    C2     Cl 


Suppose,  again,  Fig.  1162,  that  a  number  of  charges  arc  arranged  in  a  circuit  thna,  earh  with 
two  precautionary  wires,  and  that  while  the  battery  is  powerful  enough  to  fuae  the  dtmbl* 
all  round,  one  of  the  two  wires  in  one  charge  (C,)  is  broken  by  some  mishap  ; 
positively  certain  that,  however  strong  the  battery  power  may  be,  thi*  (C,)  will  bo  tho  01 
which  will  explode,  for  the  one  wire  left  in  it  will  fuse  before  tho  other  pairs  w 
visible  heat.     Ohm's  theory  explains  the  cause,  and  points  to  this  as  the  certain  re«u 

Again,  the  conducting  wire  hitherto  used  for  explosion  has  been  generally  4of 
and  the  platinum  wire  in  the  bursting  charge  sometimes  1}  in.  long;  now, can  i 
it  was  generally  known  that  the  introduction  of  one  such  bursting  charge  in  the  •) 
equivalent  to  adding  1200  yds.  of  the  thick  conducting  medium,  or  that  an  enuii 
resistance  in  cells  was  ever  added  to  compensate  for  tho  diminution  of  fotyr^ 

These,  and  many  other  extraordinary  results  depending  on  tho  principle* 
circulation  of  a  voltaic  current,  have  given  this  agent  tho  character  of  cxt 
uncertainty,  which  it  does  not  deserve,  as  they  were  the  conaequcnco  of  an  impcn 
of  those  principles. 

From  what,  then,  has  been  shown  above,  as  the  rofiult  of  tho  use  of  a  antmd  plal 
the  bursting  charge,  it  will  be  apparent  that  Ward  condemns  it*  applK 
charges  simultaneously  in  a  circuit  it  is  worse  than  useless,  and  i 
The  precaution  being  resorted  to,  implies  a  belief  that  in  case  of  a  « 
charge,  a  second  wire  is  at  hand  to  complete  the  circuit  and  ensure  an  ; 
reverse  is  the  case,  as  has  been  shown;  and  the  second  wire,  the  first  1 
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made  apparent  at  once  by  the  breaking  of  the  circuit,  and  thus  a  warning  given  to  repair.  In  no 
case  should  we  attempt  to  place  more  than  one  platinum  wire  in  a  bursting  charge,  and  that 
charge  should  be  only  connected  with  a  pair  of  conducting  wires  leading  to  the  surface  or  end  of 
the  tamping  •  place  a  second  charge,  if  it  is  thought  desirable ;  and  before  finally  connecting 
of  them  with  the  wires  intended  to  lead  to  the  battery,  test  each  by  the  galvanometer  to  see  if  the 
circuit  to  that  point  is  complete,  and  then  connect  only  one  of  them  to  the  main  wires  leading  to 
the  place  from  which  the  mine  is  to  be  fired. 

It  will  be  seen  that  for  whatever  purpose  voltaic  agency  may  be  required,  and  whatever 
principle  we  adopt  to  circulate  the  amount  of  current  required,  there  is  a  certain  size  of  plates 
which  will  do  it  to  the  best  advantage,  depending  on  the  mechanical  equivalent  representing  the 
value  of  that  force.  In  the  present  case  the  force  required  was  found  to  be  best  produced  by  a 
Grove's  arrangement  of  the  size  submitted.  When  a  Smee  was  tried,  though  from  its  simplicity 
it  was  preferable  to  a  Grove,  it  was  found  thnt  it  choked  itself,  as  it  were,  in  its  endeavours  to 
circulate  the  amount  required,  and  consequently  its  circulation  was  not  constant  and  not  suitable 
for  our  purpose ;  at  the  same  time  its  electro-motive  energy  being  low,  more  bulk  was  necessary 
for  producing  any  effect.  DanielFs  battery  certainly  circulated  a  constant  force  of  the  degree 
reqnired ;  but  it  was  inferior  in  electro-motive  energy  to  Grove's,  and,  being  at  the  same  time  more 
complicated,  was  rejected,  and  so  with  the  others. 

We  have  shown  that  the  simultaneous  explosion  of  any  number  of  charges  of  powder  can  be 
obtained,  if  we  can  at  the  required  moment  establish  the  flow  of  such  a  constant  current  of  electricity 
as  shall  produce  a  fusion  heat  in  every  platinum  wire  placed  in  the  circuit. 

It  is  advantageous,  however,  that  this  circulation  should  be  produced  with  the  utmost  economy, 
consistent  with  certainty ;  and  we  have  shown  that  the  economical  consideration  is  theoretically 
satisfied  when  (E  representing  the  electro-motive  energy  of  the  combination,  L  the  resistance  of 
the  liquid,  w  that  of  the  wire,  n  the  number  of  plates,  and  F  the  required  amount  of  current)  in  the 

n  E  v} 

equation  F  =  — = — -  —  ,  n  L  =  «?,  or  L  =  — ;  but  that  practically,  for  reasons  given,  L  should  be 
n  Li  -f-  to  n 

w  to 

somewhat  less  than  — ,  the  expression  —  representing  the  available  energy  to  each  cell  of 

the  voltaic  combination. 

Now,  the  battery  submitted  has  been  constructed  to  satisfy  these  conditions,  with  the  platinum 
wire  which  Ward  recommends.  But  it  will  be  evident  that  any  alteration  in  the  amount  of 
current  required  to  circulate  would  require  a  corresponding  modification  of  the  battery.  For 
instance,  if  a  platinum  wire  double  the  thickness  of  that  recommended  were  substituted,  more  heat 
would  be  required  to  fuse  it,  and  therefore  a  greater  current  must  be  caused  to  circulate.  This 

n  E 
can  only  be  brought  about  in  the  equation  F  =  — =—- —  ,  where  E  and  L  are  constant,  as  they  are 

in  any  determined  form  and  principle  of  battery,  by  a  diminution  of  w  •  and  if  this  diminution 
reduces  w  in  value  below  n  L,  the  amount  of  current  required  is  no  longer  economically  circulated. 
Nor  can  it  be  so  till  the  value  of  L  is  also  reduced,  the  principal  mode  of  effecting  which  is  by 
enlarging  the  size  of  the  plates.  The  diameter  of  the  platinum  wire  is  therefore  an  essential  con- 
sideration in  determining  the  size  of  the  plates  in  any  voltaic  arrangement  to  produce  its  fusion, 
as  very  small  differences  in  the  diameter  of  the  platinum  wire  will  lead  to  gross  errors  in  calcula- 
ting the  number  of  cells  necessary  for  an  explosion,  and  uniform  success  can  never  be  obtained  in 
the  field  if  the  platinum  wire  has  not  been  carefully  selected,  and  tested  as  hereafter  suggested 
before  its  issue  from  store. 

The  length  of  the  platinum  wire  employed  in  the  bursting  charge  is  not  a  matter  of  the  same 
importance,  as  a  battery  of  the  same  sized  plates  can  economically  circulate  the  force  required 
through  any  length  of  platinum  wire.  For  it  must  be  borne  in  mind  that  by  adding  lengths  of 
wire  we  do  not  call  on  the  battery  to  circulate  a  greater  amount  of  force,  but  merely  to  overcome  a 
greater  resistance  to  the  circulation  of  the  same  amount,  which  can  readily  be  done  by  increasing 

n  E 

the  number  of  plates  in  series.    For  if  in  the  equation  F  =  — we  increase  w  to  w  +  a. 

n  L  +  to 

and  so  diminish  the  value  of  F,  we  can  immediately  restore  the  equation  to  its  former  value  by 
adding  cells  = ,  and  the  force  F  will  circulate  as  economically  through  a  resistance  w  +  a 

(    j.  na\ 
in  +  ——l 

by  the  combination  expressed  by  -^ —  —  as  it  did  in  the  first  case  through  w  by 

[n  +  ^-  )L  +  w  +  a 
V  w  / 

the  combination  of  n  cells. 

It  is  thus  quite  open  to  any  future  operator  with  the  battery  submitted,  to  introduce  any 
lengths  of  platinum  wire  into  his  bursting  charge,  merely  remembering  to  employ  the  thickness 
recommended,  namely,  1  •  65  grain  a  yard ;  though  f  of  an  in.  is  sufficiently  long  for  all  purposes, 
and  possesses  the  advantage  of  less  liability  to  fracture  than  greater  lengths. 

With  respect  to  the  copper  conducting  medium,  that  weighing  250  grains  a  yard,  covered  with 
gutta-percha,  is  recommended  ;  but  it  is  not  essential  that  any  particular  metal  should  be  employed, 
or  that  the  wire  should  be  of  any  particular  weight,  as  we  have  described  a  ready  mode  of  ascer- 
taining the  resistance,  in  standard  measure,  of  any  material  of  any  length. 

Mining  Operations  for  Slowing  Down  the  Cliff  near  Seaford,  on  the  Coast  of  Sussex,  1850 :  by  Major- 
General  John  F.  Burgoyne. — Along  the  coast  of  Sussex  the  banks  of  shingle  afford  protection  to 
the  rich  low  lands  within  them  from  the  encroachments  of  the  sea. 

The  shingle,  however,  is  in  a  gradual  but  irregular  state  of  movement  from  west  to  east,  and 
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at  times  a  great  impression  IB  made  on  particular  parts,  that  would  lead  to  much  damage,  if 
arrested  by  projections  of  timber  and  planking,  between  high  and  low  water  marks,  tar 
groins.  These  groins  are  very  expensive,  and  their  useful  effects  extend  but  for  a  abort  duUnee. 

William  Catt,  whose  family  have  considerable  possessions  in  the  plain  between  Newhavea  Mid 
Seaford,  a  distance  of  about  three  miles,  considered  that  by  constructing  a  very  substantial  groin 
on  a  large  scale  under  the  cliff  near  Seaford,  which  is  at  the  east  extremity  of  the  plain  aoov* 
mentioned,  and  the  foot  of  which  cliff  was  washed  by  the  sea  at  high  water,  and  thtu  stopping 
the  progress  of  the  shingle,  it  would  have  some  influence  in  protecting  the  whole  extent  of  UM 
beach  to  Newhaven. 

He  also  considered  that  the  most  efficient,  lasting,  and  economical  mode  of  establishing  sorb  a 
projecting  obstruction  would  be  by  throwing  down  the  cliff,  which  was  nearly  perpendicular,  and 
about  200  ft.  high,  on  to  the  beach,  by  a  great  explosion  of  gunpowder. 

In  the  main  feature  of  the  application  of  the  two  great  charges,  there  was  no  difference  in 
principle  between  them  and  the  three,  though  there  were  some  in  the  proponed  modes  for  carrying 
it  out,  as  will  be  subsequently  explained. 

The  plan  finally  adopted  was  to  lodge  two  large  charges,  each  of  12,000  Ibs.  of  powder,  HO  It 
asunder,  with  lines  of  least  resistance  of  70  ft.  to  the  face,  and  58  ft.  above  the  level  of  the  foot  of 

Five  smaller  charges,  of  600  Ibs.  each,  were  to  be  placed  in  rear,  Figs.  1163  to  1168,  at  a  higher 
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level,  to  clear  that  part  from  overhanging t  ^^  ^  *&S      on^immcdmt 
the  two  main  charges  first  and  «raultenfl3me"tary  demand  of  gunpowder,  only  U«« 
consequence  of  not  receiving  in  time  a  Bupplei 
smaller  charges  were  loaded. 
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The  circuit  of  the  wires  connected  to  the  two  great  charges  was  completed  at  the  batteries, 
and  on  the  instant  the  ignition  of  both  took  plaoo.  throwing  down  the  face  of  the  cliff  for  a  length 
of  500  ft,  and  to  the  rear  15  or  20  ft.  bryuml  the  five  shafts,  so  as  to  bring  down  and  bury  the 
three  upper  charges  unfired,  cracks  and  fissures  extending  nearly  to  the  ehed  in  which  the  biuti'rira 
were  placed. 

Figs.  11C9  to  1174  show  the  result  of  the  explosion  of  these  two  mines;  nnd  on  the  sections 
is  also  described  the  effect  produced  by  the  action  of  the  sea  upon  the  mound  formed  by  the  fall 
of  the  clint 
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Section  along  West  Line  of  least  Resistance. 
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Section  through  East  Line  of  least  Resistance. 
1173. 


Section  through  L  at  right  angles  to  Line*  of  lea»t  l.'eu 
1174. 


Section  through  0  at  right  angles  to  Line*  of  least  KesisUact. 

The  projection  of  the  mound,  as  first  thrown  out,  wa«  about  300  ft. 

The  mass  thrown  down,  according  to  dimensions  taken  the  d*y  after  tho  explosion,  w 
200,000  cub.  yds.,  or  292,000  tons  nearly,  at  121  Ibs.  the  cub.  ft.,  which  WM  found  I 
to  be  the  specific  gravity  of  the  chalk. 

» 
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Jfininj  Operations  at  Seaford.—The  opening  mad.;  in  the  face  of  the  cliff  for  the  commencement 
of  the  central  gallery,  by  which  both  the  chambers  were  reached,  was  35  ft.  above  the  hi^h-\v;it,-r 
mark  (ordinary  spring  tides),  which  at  this  spot  was  the  level  of  the  beach  at  the  base  of  the 
cliff.  It  was  commenced  from  a  rough  stage  supported  by  scaffold  poles,  and  reached  by  a  common 
ladder,  the  stage  being  necessary  in  consequence  of  the  impossibility  of  making  any  impression  on 
the  faco  of  the  cliff  by  men  working  on  the  ladder  itself.  The  cliff  is  composed  of  a  very  compact 
chalk,  121  Ibs.  to  the  cub.  ft.,  dipping  to  the  north  at  an  inclination  of  about  15°,  and  intersected 
by  veins  of  flint  at  intervals  of  about  15  or  20  ft.  Its  height  was  at  the  site  of  the  western  mine 
203  ft.,  and  at  the  other  225^  ft.,  above  high-water  mark.  The  section  at  the  first  of  these  spots 
was  nearly  vertical ;  for  the  whole  height  at  the  second  it  was  only  so  for  about  140  or  150  ft.  A 
mound  of  chalk,  that  had  fallen  a  few  days  before  just  at  the  spot,  afforded,  when  levelled  on  the 
top,  a  base  14  or  15  ft.  above  the  beach,  on  which  to  erect  the  scaffolding.  As  soon  as  the  men 
had  penetrated  a  sufficient  distance  into  the  cliff  to  be  able  to  work  in  security,  the  scaffolding  was 
strengthened,  and  a  convenient  platform  with 
a  step-ladder  constructed  for  use  during  the 
remainder  of  the  operations,  Fig.  1166.  To 
this  scaffolding  was  also  fixed  a  crane-post 
and  derrick  capable  of  lifting  nearly  half  a 
ton,  by  means  of  which  the  sand-bags  and 
chalk  used  for  tamping  were  raised  to  the 
mouth  of  the  gallery  by  a  crab  on  the  top  of 
the  mound.  See  Figs.  1175  to  1177. 

At  the  entrance,  a  cave  of  the  dimensions 
shown  by  Fig.  1176  was  formed,  for  the  pur- 
pose of  keeping  all  tools  and  materials  out 
of  the  way  of  the  men  working  at  the  gallery, 
and  this  space  subsequently  proved  of  the 
greatest  service,  as  a  depot  for  the  powder, 
sand-bags,  and  chalk,  before  they  could  be 

1177. 


passed  along  the  gallery  and  branches.  Similar  advantage  was  found  from  a  recess,  Fig.  1176,  at 
the  end  of  the  central  gallery,  formed  by  its  prolongation,  originally  as  the  mode  of  arriving 
at  the  spot  where  a  third  service  of  2000  Ibs.  was  proposed,  which  was  afterwards  considered 
unnecessary,  and  the  further  advancement  of  the  gallery  stopped.  The  use  made  of  these  two 
depots  fully  compensated  for  the  cost  of  their  excavation,  though,  had  the  rock  been  of  a  hard 
nature,  smaller  spaces,  particularly  with  reference  to  the  upper  recess,  would  have  answered  the 
purpose,  and  would  have  been  advisable  on  the  score  o'f  economy. 

The  men  employed  driving  the  gallery  and  branches  worked  in  reliefs  for  the  whole  24  hours. 
For  the  gallery,  three  reliefs  of  four  men  each  were  told  off;  and  subsequently  for  the  branches 
three  reliefs  of  six  men  for  the  two,  which  were  carried  on  for  the  most  part  simultaneously.  The 
hours  for  relieving  were  6  A.M.,  noon,  6  P.M.,  and  midnight,  excepting  at  periods  when  the  high 
spring  tides  prevented  the  relief  passing  a  projecting  part  of  the  cliff  at  the  proper  hours,  when 
arrangements  were  made  to  equalize  the  extra  time  the  men  were  consequently  employed.  The 
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work  was  hardly  ever  interrupted  between  6  A.M.  on  the  Monday  and  6  rv  on  BatnM*r 
compelling  each  relief  to  be  in  barracks  six  hours  before  their  turn  came  for  *w£k  i 
always  fresh  at  the  commencement  of  their  time  ;  and  as  the  working  p.*  wa, 
miners  were  thus  employed,  the  average  amount  of  work  performed  benight 


The  mam  gallery  of  the  section  giten  in  Fig.  1  178  h«d  an  are.  of  27  ranertenJ  ft 
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The  branches,  of  the  dimensions  given  in  Fig.  1179,  had  a  section  of  about  121  • 
the  rate  of  progress  of  the  two  was  at  first  about  16  ft.  =  7'4  cub  ?da  in  tSe  SttftSi 
as  before  stated,  being  employed  in  each  relief,  instead  of  four,  as  in  the  gallery 
tance  from  the  entrance  increased,  this  rate  was  not  maintained,  the  latter  portion.'  atcnurin*  little 
more  than  13  ft  in  the  24  hours, 
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From  the  foregoing  data,  the  general  rate  of  progress  of  the  works  mentioned  above  may  bs 
assumed  at  9  cub.  yds.  in  the  24  hours,  by  five  men  constantly  employed  day  and  night 

In  comparing  the  progress  of  the  gallery  and  branches,  it  appears  that  the  former  advanced 
at  the  rate  of  8  ft.  in  the  24  hours,  and  each  of  the  latter,  though  leas  than  ont-kalf  the  are*,  at  an 
average  rate  of  only  about  7£  ft.  in  the  same  time.  The  increased  distance  of  the  branches  from 
the  entrance  would  partly  account  for  this  difference ;  but  it  is,  in  a  great  measure,  to  be  attributed 
to  the  slow  progress  made  by  miners  when  working  to  a  disadvantage  in  a  very  confined  space. 
Had  these  branches  been  5  ft.  6  in.  high  and  3  ft.  6  in.  or  4  ft.  broad,  it  is  probable  that  they  would 
have  been  completed  in  rather  less  time  than  was  occupied  by  the  smaller  size  adopted,  partiro- 
larly  as  no  gunpowder  was  used  ;  the  subsequent  tamping  would,  however,  nave  been  proportionally 
increased. 

The  chambers  for  the  two  lower  mines  were  cubical,  the  side  of  the  cube  being  7  ft.  2  in,  and 
giving  a  content  for  the  two  of  27  cub.  yds.,  Fig.  1167.  The  time  occupied  in  their  excavation, 
and  in  squaring  their  floors  and  sides  to  receive  the  joists  and  uprights  to  support  the  rough 
planking  with  which  they  were  lined,  was  about  138  hours,  making  the  rate  of  prngjsn  ody 
4  cub.  yds.  in  the  24  hours. 

The  five  shafts  sunk  for  the  five  mines  of  600  Ibs.  each,  intended  to  have  been  flrcd  simul- 
taneously, directly  after  the  ignition  of  the  lower  mines,  were  each  40  ft.  deep,  and  of  tin- 
shown  in  Fig.  1180  having  an  ascent  of  about  19  superficial  ft.    The  total  con- 
tent of  the  five  was  about  140  cub.  yds. 

Three  men  were  generally  employed  upon  each  shaft.  The  stuff  brought  up 
was  piled  round  the  mouth  of  the  shaft,  ready  for  tamping,  and  no  gunpowder 
was  used,  the  chalk  being  of  a  much  softer  character  than  in  the  gallery,  and 
not  intersected  in  the  same  manner  with  flint.  The  task  set  to  each  gang  of 
three  men  for  the  greater  part  of  the  work  was  2  ft.  6  in.  for  every  0  hours.  The 
average  rate  of  progress  for  the  first  three  shafts  was  3  ft.  7  in.,  equal  to  nearly 
2i  cub.  yds.  a  day.  The  two  last  shafts,  which  were  only  decided  upon  within  a  few  davs  of  UM 
explosion,  were  carried  on  during  the  night  by  reliefs.  Their  progress  in  the  24  hours  was  nearly 
6  ft.  =  about  4J  cub.  yds.  each  shaft. 

.     "The  returns  at  the  bottom  of  the  shafts,  and  the  chambers  for  the  powder,  were  as  shown  in 
Fig.  1181.    The  difficulty  of  working  in  so  confined  a  space,  and  the  trouble 
of  squaring  the  returns  accurately  so  as  to  admit  the  coxes  containing  the 
powder,  were  the  causes  of  great  increase  in  the  expense. 

The  directions  of  the  gallery  and  branches  were  laid  out  by  a  theodolite,  with 
reference  to  a  line  assumed  as  parallel  to  that  joining  the  centres  of  the  two 
charges,  fixed  during  the  previous  survey  of  the  ground,  and  the  inclination  of 
their  floors  was  tested  by  a  mason's  level,  the  miners  being  provided  with  a 
rough  level  adjusted  to  the  required  slope,  to  direct  them  during  the  progress 
of  the  work. 

The  tools  used  in  the  main  gallery  were  the  common  minor's  pick,  and  a  large 
shovel,  for  which,  in  the  branches,  a  mining  shovel,  2  ft.  3  in.  long  over  all 
was  substituted.     Wheelbarrows  were  found  more  manageable  in  the  gal 
than  miners'  trucks,  which,  owing  to  the  very  great  inclination  at  win. 
(1  in  3),  were  very  difficult  to  hold  back  when  descending  the  slope  Did  » 
them  up  empty.    In  the  branches,  which  had  a  rise  of  1  in  9  to  1  in  10.  trucki 
the  recess  at  the  end  of  the  gallery,  already  alluded  to,  being  found  very  usef 
and  for  keeping  tools  out  of  their  road.  ..      i.-_u-     tt^t 

Ventilation.— The  air  was  so  pure  in  the  whole  of  the  galleries,  and  i 
excepting  when  the  miners  were  actually  at  work  and  the  candle*  burni 
was  required ;  had  any  quantity  of  carbonic  acid  gas  been  present,  it 
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inclination  of  the  mriin  gallery,  have  flowed  outwards  along  the  floor  towards  the  entrance,  and  its 
place  have  been  supplied  by  a  stream  of  fresh  air  along  the  roof  of  the  gallery.  In  the  branches 
this  efl'ect  would  have  been  much  lessened,  from  thoir  more  gradual  rise;  and  in  the  chambers, 
which  were  sunk  below  the  level  of  the  floor  of  the  contiguous  branches,  the  heavy  gas  would 
have  settled  immediately ;  but  in  this  instaiuv  the  air  on  the  floor  of  the  chambers  appeared  a.s  pure 
and  \v-z\\i  us  at  the  entrance.  The  air-pump  by  which  the  ventilation  was  efl'ected  had  ln-en 
used  for  exhausting  the  foul  air  at  the  bottom  of  a  deep  well  sunk  in  the  neighbourhood  of 
Brighton;  and,  by  mounting  it  upon  a  rough  stand,  it  was  mode  available  in  tin;  gallery  and 
branches.  The  tube,  secured  to  the  wall  about  3  ft.  above  the  floor,  was,  for  the  whole  length  of 
the  gallery,  part  of  the  old  wooden  pipe  that  belonged  to  the  air-pump ;  but  in  the  branches,  gutta- 
percha  tubes,  of  2$  in.  diameter  and  ^  of  an  in.  thick,  were  made  use  of. 

By  adding  length  after  length  to  these,  as  required,  the  hot  impure  air  breathed  by  the  miners 
at  work  was  drawn  off  by  the  air-pump,  which,  in  fact,  was  all  the  ventilation  needed.  Had  the 
uir  become  foul  as  the  miners  advanced  into  the  clitf,  this  air-pump  would  not  have  been  sufficiently 
powerful  for  the  purpose;  to  be  prepared  for  which  contingency,  arrangements  were  made  for  the 
use  of  a  blowing  apparatus  from  a  foundry  at  Brighton,  which,  however,  was  never  required. 

The  gutta-percha  tubes  weighed  about  3J  oz.  a  foot  run. 

Lighting  the  Galleries  and  Chambers. — During  the  progress  of  the  gallery  and  branches,  the 
miners  worked  by  the  light  of  caudles,  in  the  accustomed  manner ;  but  to  avoid  any  risk  of  acci- 
dent from  the  use  of  lamps  during  the  operation  of  loading  the  mines,  fixing  the  bursting  charges, 
and  laying  and  securing  the  copper  wires  leading  from  them,  a  contrivance  was  resorted  to  for 
lighting  the  chambers  by  reflection  from  plates  of  bright  tin  tacked  upon  deal  frames,  which  plan 
was  previously  tried  and  found  to  answer  perfectly  during  their  excavation.  This  method  ori- 
ginated in  a  suggestion  of  Colonel  Lewis,  founded  upon  a  mode  he  had  practised  of  obtaining  light 
in  a  magazine,  by  reflection  from  the  painted  copper  door  of  the  building.  A  board  of  about  4  ft. 
square  was  first  covered  with  bright  sheets  of  tin,  and  fixed  at  an  angle  of  45°  with  the  direction  of 
the  centre  line  of  the  main  gallery,  at  the  spot  where  the  branches  turned  off  nearly  at  right 
angles.  The  light  thus  first  obtained  by  reflection  from  the  white  chalk  was  very  feeble,  and  hardly 
perceptible  near  the  extremity  of  the  branches,  excepting  at  one  short  interval  in  the  day  when 
the  sun  was  nearly  in  the  line  of  the  gallery,  and  its  scattered  rays  were  reflected  from  the  sea 
(particularly  when  calm)  up  the  slope ;  and  the  smaller  reflector  was  then  placed  just  outside 
the  mouth  of  the  gallery,  in  such  a  position  as  to  catch  obliquely  the  first  rays  of  the  sun  that  the 
overhanging  cliff  allowed  to  visit  the  spot,  which  was  between  10  and  11  A.M.,  from  which  hour 
till  sunset,  by  occasionally  moving  the  outer  reflector  and  adjusting  it  like  a  heliostat,  to  throw 
the  direct  rays  it  had  attracted  upon  the  set  of  plates  at  the  upper  end  of  the  main  gallery,  a  bril- 
liant light  was  reflected  along  the  branches  and  into  the  chambers,  where  the  smallest  and  most 
indistinct  writing  was  as  legible  as  it  would  have  been  in  broad  daylight.  Had  the  operations 
extended  over  a  longer  space  of  time,  this  outer  reflector  would  have  been  fixed  in  a  frame,  and 
means  contrived  to  render  the  adjustments  in  any  way  required  more  easy ;  but,  for  the  short  period 
it  was  needed,  a  rough  plank  to  support  it,  and  two  or  three  sand-bags  to  retain  it  in  the  required 
position,  were  found  sufficient. 

Loadiny  the  Mines. — The  gunpowder  (24,000  Ibs.)  used  for  the  lower  mines  was  supplied  at  the 
lowest  rate  at  which  the  Battle  Mills  had  offered  to  furnish  merchants'  blasting  powder,  of  good 
quality,  but  inferior  in  strength  to  cannon  powder  in  about  the  ratio  of  9  to  13. 

It  had  been  made  up  in  flannel  bags  containing  10  Ibs.  of  powder,  nine  of  which  bags  were 
packed  in  each  of  the  barrels,  which  were  lined  with  zinc  cylindrical  cases,  having  lids  fitted  to 
openings  on  the  top,  rendered  impervious  to  moisture  by  a  thick  coating  of  waterproof  composition. 
These  were  sent  round  to  Seaford  Bay  in  a  sloop,  and  landed,  almost  immediately  after  the  arrival 
of  the  vessel  (soon  after  low  water),  on  the  beach,  before  one  of  the  martello  towers  which  had  been 
prepared  to  receive  them  until  required  for  use.  The  whole  number  of  barrels,  weighing  nearly 
130  Ibs.  each,  were  carried  by  hand  up  the  beach,  and  stored  in  the  tower.  The  powder  required 
for  the  mines  at  the  bottom  of  the  shafts  sunk  above  the  cliff,  which  did  not  form  part  of  the 
original  project,  was  not  applied  for  at  the  time  that  the  first  quantity  was  dispatched,  and,  owing 
to  some  delay,  did  not  arrive  at  Seaford  until  within  two  days  of  the  time  fixed  for  the  explosion, 
so  that  it  was  only  possible  to  load  three  of  the  five  mines  of  600  Ibs.  each  that  had  been 
prepared. 

The  distance  from  the  tower  to  the  entrance  of  the  gallery,  nearly  three-fourths  of  a  mile,  ren- 
dered it  necessary  to  employ  three  carts  to  assist  in  moving  the  powder  along  the  beach,  on  account 
of  the  time  that  would  have  been  consumed  in  conveying  all  the  barrels  to  the  spot  upon  hand- 
barrows.  A  portion  of  the  men  were,  however,  so  employed  with  nine  barrows,  and  a  party  of 
thirty  sappers,  under  an  officer,  were  told  off  for  this  work,  and  for  carrying  the  powder  barrels  up 
the  ramp  leading  to  the  foot  of  the  ladder,  and  passing  the  bags  up  the  steps  into  the  entrance 
chamber. 

As  rapidly  as  the  barrels  were  brought  to  the  top  of  the  mound  at  the  foot  of  the  ladder,  they 
were  opened,  and  the  bags  passed  by  hand  up  the  steps  by  men  stationed  at  proper  distances  upon 
them,  the  convenient  size  of  the  bags  enabling  this  to  be  performed  with  great  ease  and  rapidity ;  and 
by  the  time  the  men  went  to  dinner,  one-third  of  the  powder  had  been  piled  up  in  the  outer  recess, 
upon  tarpaulins  previously  laid  to  receive  the  bags.  After  dinner,  part  of  the  men  (twelve)  were 
employed  passing  the  bags  up  the  gallery  to  the  inner  recess,  also  by  hand,  the  men  being  sta- 
tioned between  5  and  6  ft.  apart,  along  one  of  the  walls,  and  the  gallery  lighted  in  the  manner 
already  described. 

Later  in  the  afternoon,  the  men  who  had  been  occupied  with  the  powder  barrels  were  made  to 
line  one  of  the  branches,  sitting  down  with  their  backs  to  the  side  of  the  branch,  and  passing  the 
bags  from  hand  to  hand  to  the  chamber,  where  they  were  built  up  in  a  compact  form,  under  the 
eye  of  one  of  the  officers ;  the  chamber  having  been  previously  floored,  and  lined  to  the  height 
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by  the  above  operations  being  only  6J  hours.    Two  sentries  were  theA  mount*!  »t  tb.32 
of  the  gallery  and  on  the  following  morning  the  work  was  recommencwl,  and  the  k*din,  « 
completed  by  half-past  4  P.M.    Before  leaving  work  the  remaining  Saul  In  •  •  wrw  a 
about  ninety  of  these  hoisted  into  the  mouth  of  the  gallery  by  means  of  the  derrick 
up  to  the  upper  recess,  to  be  in  readiness  for  commencing  the  *—  *rilsT  M  ••^"^ 
charges  should  have  been  fixed,  and  the  first  portion  of  the  wires  leading  from  them 
any  risk  of  being  moved  or  injured,  which  was  effected  by  pe^mg  them  throat  tnb«  drilled 
strong  pieces  of  scantling,  secured  across  the  entrance  to  the  chambers,  and  fa*t«niac  Ui 
wooden  plugs,  and  afterwards  leading  them  along  the  floor  of  the  '  «nn>M  fanTOOTH  of  lasujiw 
strips  of  plank,  covered  by  other  pieces  nailed  over  them  with  copper  nails. 

The  whole  of  the  operations  detailed  above,  from  commencing  to  more  the  powder  frnsj  the 
tower  to  the  completion  of  the  loading  of  both  the  mine-  occupied  3  carts  Mhft  to  men  far  11 
and  12  men  afterwards  for  about  4  hours. 


. 

The  lines  of  least  resistance  of  each  mine  being  exactly  70  ft.  and  the  charge  12,000  lba_  the 
proportion  the  latter  bore  to  the  cube  of  that  line  was  about  ft,  rather  more  than  was  originally 


proposed  GV).  (70)3  =  343000  and    T  =  12250  Ibs. 

So 

Tamping.—  The  materials  used  for  tamping  in  the  galleries  were  Band-bags  (filled,  some  with 
dry  chalk,  but  the  greater  part  with  sea-sand)  and  lumps  of  chalk.  The  sand-bagi,  only  600  of 
which  were  supplied,  extended  about  30  ft.  from  each  chamber  along  the  branches,  the  remaining 
length  of  which,  aa  well  as  that  portion  of  the  main  gallery  which  it  was  considered  adTiaaMe  to 
fill  up,  being  completed  with  chalk  hoisted  from  below  by  means  of  the  derrick,  in  large  baskets 
containing  6  bushels,  weighing  about  9  cwt.  The  greater  part  of  the  sand-bags  were  lifted  into 
the  gallery  in  the  same  manner  by  slings,  five  or  six  together. 

In  the  shafts  above,  the  tamping  consisted  merely  in  shovelling  down  the  stuff  that  had 
previously  been  drawn  up  and  piled  round  the  opening,  the  charges  not  being  sufficient  to  create 
apprehension  of  their  producing  any  effect  upwards,  the  line  of  least  resistance  in  that  direction 
being  40  ft. 

The  sand-bags  filled  with  dry  chalk,  free  from  any  particles  of  flint,  were  used  in  the  branches 
for  blocking  up  each  of  the  chambers,  and  extended  about  8  or  10  ft.  from  them,  so  as  to  prevent 
the  possibility  of  any  damp  reaching  the  powder  from  those  filled  with  wet  sand,  which  were  alter* 
wards  built  in  promiscuously  with  the  others. 

Large  blocks  were  built  across  at  intervals,  and  the  finer  stuff  thrown  in  behind  and 
sufficiently  to  make  a  tolerably  compact  mass,  the  wires  from  the  bursting  charges  being 
from  injury  during  the  operation  by  the  manner  in  which  they  were  enclosed  in  the 
already  alluded  to. 

The  extent  of  the  tamping  is  shown  in  Figs.  1176,  1177,  and  occupied  from  18  to  20  men  far 
three  days,  as  also  12  men  for  one  night.    The  distance  from  the  crossing  of  the  brioche* 
the  gallery  to  the  spot  where  the  tamping  was  discontinued,  was  only  20  ft.  6  in.,  whi 


what  would  be  generally  considered  necessary  with  moderate  charges,  the  poiut  A  being  < 
ably  less  than  the  length  of  the  line  of  least  resistance  from  the  centre  of  one  of  the  mines,  WM 
thought  sufficient;  the  section  of  the  gallery  being  quite  insignificant,  when  the  i 
expansion  that  would  be  caused  by  the  explosion  of  the  two  charges  was  taken  Into 
The  result  proved  that  this  idea  was  correct ;  indeed,  it  is  probable  that  the  eflect  VM 
been  the  same  if  the  main  gallery  had  been  left  entirely  open. 

In  the  branches  the  rate  of  progress  with  sand-bags  was  about  12  ft.  the  hour,  ratlx*  more 
than  100  sand-bags  being  required  for  every  10  ft. ;  they  were  passed  along  nearlr  in  fls«  sasx 
manner  as  the  powder,  the  men  being  necessarily  placed  at  less  distances  apart,  and  the  tcMcbes 
lit  as  before,  by  the  tin  reflectors. 

\Vith  loose  chalk,  the  rate  in  the  branches  was  7  to  8  ft.  an  hour,  equal  to  about  3}  eob.  yds, 
the  section  being  12i  superficial  ft. 

In  the  main  gallery  the  rate  of  progress  for  the  distance  tamped,  30  ft.  6  in.,  equal  to  30 
yds.,  was  about  4  ft.  8  in.,  equal  to  4'7  cub.  yds.  an  hour. 

The  above  statement  of  the  number  of  men  employed  and  tho  ratos  of  progress,  includes  th 
working  at  the  derrick  and  passing  the  sand-bags  and  chalk  up  to  the  party  at  work 

In  passing  the  sand-bags  and  chalk  to  the  end  of  the  branches  from  theentrao 
from  20  to  24  men  were  required ;  from  the  upper  recess,  which  was  also  nsed 
tliese  materials,  12  men  were  found  sufficient  for  passing  on  the  sand-ban,  and  fc 

At  the  derrick  seven  men  were  employed— two  at  the  crab,  three  coll< 
below,  and  two  emptying  the  basket  above,  which  was  in  this  manner  loaded 
chalk,  lifted  a  height  of  22  ft.,  and  returned  in  4J  minutes.    The  same  quan 
ladder  upon  men's  shoulders  in  half-bush.:l  baskets  occupied  about  six  mint 
nuuib.T  of  hands.     Another  advantage  in  favour  of  the  derrick  wan,  that  t 
iu  continuing  the  work  for  the  whole  day;  whereas  the  men  could  not 
carrying  the  baskets  up  the  steps  for  any  length  of  time. 

Description  of  the  Voltaic  Battery.— The  position  of  the  mfaos  above  an-l 
Figs.  1182  to  1185.    The  position  of  the  battery  hmi«'.  that  i-. 
were  placed,  and  to  which  the  conducting  wires  from  the  min 

The  conducting  wires  fn  m  tho  large  miuca  were  brought  up  the  race  of  the  c 
th»battery  house. 
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Plan  of  large  Mines  below  and  Galleries  leading  to  them. 

The  wires  on  coming  from  the  entrance  of  the  gallery  are  passed  up  the  face  of  the 
cliff,  and  are  represented  in  Fig.  1167  by  NOB.  2  and  4  wires. 


1183. 


Nos.  2  and  4  wires  lead  to  the  charges  below.  Nos.  1  and  3  are  connected  with 
the  6ve  mines  above  through  the  interposition  of  the  mercury  cups.  On  the  word  to 
make  ready,  Nos.  1  and  2  are  attached  to  one  pole  of  the  battery,  Nos.  3  and  4  being 
held  one  in  each  hand.  On  the  word  fire  lower  mines,  No.  4  is  connected  to  the  other 
pole  of  the  battery,  and  the  lower  mines  explode.  On  the  word  fire  upper  mines,  No.  3 
is  connected  to  same  pole  as  No.  4,  and  the  five  upper  ones  explode.  If  instantaneous 
explosion  of  all  mines  be  required,  Nos.  3  and  4  should  be  previously  tied  together,  and 
on  touching  the  other  pole  of  the  battery  all  the  mines  would  explode  simultaneously. 
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It    was    originally    in- 
tended  to  have    fired   the 
large  mines  below  simul- 
taneously by  one  battery, 
arranging   the    conducting 
wires    as    shown    in    Fig, 
1183,  that  is,  the  wire  pro- 
ceeding  from  the  battery 
was  to  have  been  carried 
directly  to,  and  connected 
with,  the  bursting  .charge 
of  one  of  the  lower  mines ; 
from    this,  again,    a    con- 
ducting wire  proceeded  to 
the  bursting  charge  of  the 
other,    which    again    was 
connected     by    the    same 
means  with  the  other  pole 
of  the  battery.    The  whole 
circuit  by  this  arrangement 
would  have  been  about  S60 
yds.      Subsequent    experiments    have 
proved  that  it  would  have   been   suc- 
cessful.   WhenMhe  time  fixed  for  the 
explosion  drew  near,  doubts  were  ex- 
pressed in  influential  quarters  of  the 
safety  of  the  plan,  and  as,  from  want 
of  time,  there  was  no  means  of  proving 
its  practicability  by  a  sufficient  number 
of  experiments  to  remove  all  doubts,  it 
was  thought  adrisable  to  adopt  the  old 
method  of  firing  each  lower  mine  by  a  se- 
parate battery  and  a  separate  set  of  wires. 

It  was  originally  intended  to  have 
fired  the  five  mines  above  by  the  ar- 
rangement shown  in  Figs.  1182,  1183. 
Two  mercury  cups  situated  in  a  con- 
venient position,  such  as  shown  in  Fig. 
1183,  had  each  to  receive  one  wire  from 
each  mine;  two  main  wires  proceeded 
from  these  cups  to  the  battery  house, 
one  from  each  cup. 

The  object  of  the  cups  in  this  case 
was  not  only  to  economize  wire,  but  to 
prevent  them  from  being  dragged  from 
the  hands  of  the  person  who  fired  them. 

This  method  was  also  abandoned  sub- 
sequently," having  the  means  of  firing 
each  mine  by  a  separate  battery,  as  will 
be  described  hereafter. 

There  were  three  voltaic  batteries 
available  for  the  Seaford  explosion.  The 
two  principal  ones  were  exactly  similar, 
being  both  after  Grove's  construction. 

Grove's  consisted  of  five  cells  each, 
and  by  reference  to  the  figures  the  de- 
scription will  be  better  understood,  Figs. 
1186  to  1188.  The  description  need  not 
extend  further  than  for  one  cell,  as  the  others  were  similar. 
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1 


Plan  of  large  Mines  and  the  Galleries  leading  to  them. 


- 


Plan  of  the  top  of  the  Cliff,  showing  battery  Horn. 
and  the  situation  of  the  three  Minw  abort,  and  alao  la* 
Conducting  Wires  lending  from  ihrm,  aa  well  aa  Uw 
large  Mine  below  to  the  Battery  Shed. 

The  positive  metal  wa*  tine,  and  Ow 

negative  platinum:  two  zinc  plates  9  in.  by  7  in.,  and  the  platinum  i»  in.  1-y  «'•  in.    >til|.liurio«eid 
diluted  in  the  proportion  of  one  measure  of  acid  to  eight  of  water,  and  coixvntrntol  mirk1  s*fcl 
were  the  elements  for  generating  the  electricity.    The  zinc  plates  were  Amalgamated,  and  plaerd 
in  a  porcelain  cell  with  the  diluted  sulphuric  acid ;  between  the  two  plate*  waa  inserted  anil 
porous  earthenware  filled  with  nitric  acid,  and  in  this  was  immersed  the  platinum,  which  • 
attached  to  a  bar  of  wood,  the  wood  being  rather  thicker  tlian  the  exterior  breadth 
cell ;  a  clamp  of  brass,  as  shown  in  the  enlarged  sketch,  firmly  roeeired  the  two  line  plaj 
secured  them  against  the  wooden  bar ;   the  connection  of  the  line  of  one  oell 
of  the  adjacent  one  being  made  by  slips  of  copper,  as  shown  in  Fip.  1  IK 

This  form  of  battery  was  very  convenient,  as  it  enuld  be  charged  without  din 
arranged  for  firing  by  two  people  in  ten  minutes;  and  those  in  the  habit  of  wine  it 
it  in  six  or  seven  minutes.    It  was  also  a  very  constant  intensity  l^tt. TV.  f..r  »t  I 
six  hours,  which  was  the  longest  time  the  battery  was  ever  kept  in  n.-tion  here 
strength.    The  same  acid  has  been  repeatedly  used  for  efcttgbtg  the  buttery 1 
hours,  with  simply  adding  a  little  water  to  the  sulphuric  acid  solution,  and  up  to 
diminution  in  its  strength  has  been  discovered. 
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Grove's  battery,  of  the  before-mentioned  size,  is  capable  of  firing  one  charge  at  a  distance  of 
600  yds., or  through  a  circuit  of  1200  yds. ;  it  will  fire  two  charges  Mimiltiineou.sly,  arranging  them 
as  was  originally  proposed  for  the  larger  mines  at  Seaford,  through  a  circuit  of  1000  yds.,  the 
conducting  copper  wire  being  |  in.  in  diameter,  and  the  platinum  wire  in  the  bursting  charges 
$  in.  long. 

The  porous  earthenware  cells,  though  they  have  been  frequently  used,  are  as  good  as  at  first. 

The  method  of  preserving  them  (as  practised  here)  is,  after  the  battery  is  taken  to  pi. 
soak  them  in  a  tub  of  water  for  half  an  hour,  thus  removing  most  of  the  nitric  acid  and  metallic 
salt  that  may  be  in  the  pores,  and  then  put  them  in  some  fresh  water  for  an  hour  or  so  longer ;  the 
sulphate  of  zinc  being  soluble  in  water,  is  removed  by  this  means. 


1186. 


1187. 


Elevation  of  Clamp 


The  outer  porcelain  cells  may  be  made  of  gutta-percha,  which,  however,  though  answering 
every  purpose  and  not  being  fragile,  would  require  a  little  care  to  keep  them  free  from  strong 
nitric  acid  ;  the  dilute  solution  of  sulphuric  acid  used  has  no  effect  on  them. 

This  battery  has  many  advantages :  its  connections  are  very  simple,  and  easily  cleaned,  which 
are  very  essential  points  with  a  Grove's  battery,  .for  the  nitric  acid  fumes  will  attack  brass,  copper, 
solder,  and  all  such  metals  as  are  within  the  range  of  its  influence.  It  is  very  constant  in  its  power 
on  different  days,  for  whatever  intensity  it  has  shown  on  one  occasion  may  always  be  confidently 
expected  from  it  on  another.  With  Daniell's  battery  this  is  not  the  case,  the  temperature  having 
a  great  effect  upon  it,  and  the  ox-gullet  especially. 

The  third  voltaic  battery  was  of  Smee's  construction :  it  was  in  charge  at  Portsmouth,  and, 
therefore,  was  made  use  of  for  firing  one  of  the  small  mines  above,  as  it  is  not  generally  adapted 
for  firing  charges  at  great  distances :  it  will  not  be  necessary  to  describe  it  minutely.  The  positive 
metal  was  zinc,  amalgamated :  and  the  negative,  platinized  silver ;  the  exciting  fluid  was  dilute 
sulphuric  acid,  one  measure  of  acid  to  eight  of  water  being  generally  used.  It  had  twelve  cells, 
and  was  very  easily  charged  for  use. 

The  conducting  wire  was  composed  of  three  strands  of  copper  wire,  -^j  in.  in  diameter,  twisted 
as  a  rope,  and  then  covered  with  tape,  and  a  solution  of  shellac  and  varnish  over  that  again.  The 
advantage  of  twisting  the  wire  thus  is,  that  it  is  less  liable  to  fracture,  and  is  more  flexible.  A 
single  strand  of  wire,  having  the  same  weight  the  yard,  would  convey  electricity  equally  well,  but 
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would  soon  get  hard  and  unmanageable ;  it  Is  very  apt  to  break  at  bending!,  and  to  break  tk« 

circuit ;  twisted  rope  wire  has  a  better  chance,  for  one  or  even  two  strain 

third  be  still  left  to  complete  the  circuit.    There  was  also  used  copper  wire  of  untie  < 

i  in.  in  diameter. 

Bursting  Charges —Those  for  the  large  mines  below  were  9  in.  long,  and  cylinder!  S  fa.  in 
diameter;  and  for  the  smaller  mines  alxnit  din.  long.    They  were  lodged  in  the  m        " 
mine,  and  connected  with  the  main  conducting  wire,  which  was  bn-ii-rht  thr-iiirh  a  Diem  of  von 
placed  across  the  entrance  of  the  chamber,  and  so  jammed  into  it  as  to  prevent  the  chares  U-u 
dragged  from  their  position. 

By  way  of  precaution,  two  charges  were  placed  in  each  large  mine,  and  connected  with  acpareU 
conducting  wires,  m  case  one  pair  might  be  damaged  in  tamping.    The  length  of  t>Ut mum  «tr« 
for  these  bursting  charges  was  different  for  those  in  each  mine,  one  being  1  in.  taut 
other  I  in. 

It  was  doubtful,  at  the  time  when  these  charges  were  placed,  by  what  method  the  mint*  would 
be  fired.  The  short  length  of  wire  had  been  found  quite  sufficient  f«>r  cxph.ling  charm,  and  it 
was  intended  to  have  used  that  if  both  mines  had  been  fired  by  one  battery ;  but  aa  kuUenocotly 
each  mine  was  fired  by  a  separate  one,  the  bursting  charges  having  the  longer  wire  wereatteenei 
to  the  main  conducting  wires  at  the  mouth  of  tho  gallery,  as  giving  a  larger  it«rk.  liowerer. 
either  set  of  charges  might  have  been  used  for  either  method  with  i>erfect  succeaa. 

The  twisted  conducting  wire,  of  which  there  were  only  500  yds.  available,  waa'kqtt  for  «nch 
parts  as  were  likely  to  come  under  the  observation  and  close  inspection  of  tho  apertaton:  foe 
instance,  from  the  battery  house  to  the  edge  of  the  cliff,  and  to  the  top  of  the  three  ahaJU.  That 
down  the  face  of  the  cliff  and  the  shafts  was  the  single  strand  of  thick  wire  before  described,  and 
covered  with  coarse  canvas  and  pitch,  tempered  with  tallow  hastily  mode  up.  From  the  mouth 
of  the  gallery  to  the  bursting  charges  below,  the  same  thick  wire  was  wed  bare,  in  thin  way :— A 
piece  of  deal,  3  in.  broad,  had  two  plough  grooves  run  down  it,  in  which  one  wire  from  carh 
bursting  charge  of  one  mine  was  placed,  and  a  fillet  nailed  over  it,  previously  tarmi.  Apothflf 
similar  piece  of  deal  had  the  other  wires  from  these  bursting  charges  fixed  in'it ;  thvae  two  were 
kept  on  different  sides  of  the  branch,  and  brought  down  the  mum  gallery  on  tme  aide.  The  came 
was  done  with  the  conducting  wires  from  the  other  mine,  which  were  brought  down  the  offer  nkU 
of  the  main  gallery,  Fig.  1184. 

The  wires  proceeding  from  the  battery  house  were  passed  over  the  edge  of  the  cliff  through 
two  double  blocks,  that  were  run  out  on  two  poles.  The  poles  were  placed  about  10  ft  apart,  on 
the  ground,  and  projected  over  sufficiently  to  enable  the  wires  to  clear  the  face  of  the  cliC  On* 
wire  from  each  mine  was  run  through  each  double  block ;  thus  the  pair  belonging  to  each  mine 
were  kept  10  ft.  apart  down  the  face  to  the  entrance  gallery,  where  they  were  attached  by 
soldering  to  those  from  their  respective  bursting  charges :  previous  to  soldering  on  thete  wire*  lo 
those  leading  to  the  mines,  the  continuity  of  the  circuit  was  tested  by  n  e.nl vanometer :  and  u 
every  one  was  complete,  the  charge  having  £  in.  platinum  wire  was  selected  for  the  purpoM  of 
firing.  One  Grove's  battery  was  devoted  to  each  large  mine. 

The  three  small  mines  above,  each  charged  with  GOO  Ibs.  of  powder,  had  each  a  Utt.-nr  to  ftru 
them,  the  two  extreme  ones  by  the  two  Grove's,  and  the  centre  one  by  the  Smee's  already  alhxl"! 
to.  The  wires  were  brought  from  the  shafts  into  the  battery  house.  Tho  arrangement  f<*  tiring 
was  made  as  sketched  in  Figs.  1189  to  1191.  M,  M,  M,  M,  are  mercury  cups  into  which  the  point 
of  the  Grove's  battery  were  plunged. 

The  operators  stood  with  their  backs  to  the  cliff,  facing  their  respective  battcriea,  the  mercury 
cups  being  between  them  and  the  batteries. 

W,  and  W2  represent  two  wires,  one  proceeding  from  one  large  mine  below,  and  the  mall  one 
above  on  that  side.  W3  and  W4  represent  two  others,  one  proceeding  from  the  other  large  miM 
below,  and  the  small  one  on  the  side  above.  W$  represents  tho  wire  from  the  centre  mine  abor*. 

W,',  W2',  W,',  \V4',  Ws',  are  those  corresponding  to  W, , 
Wj.  W3,  W4,  Ws,  that  is,  leading  to  the  same  mines. 

The  orders  for  firing  the  mines  were  to  explode  the 
large  ones  first,  and  when  it  was  known  that  they  hail 
gone  off,  the  three  small  ones  were  to  bo  fired.  On  the 
word  to  make  ready,  W,,  W2,  W,,  W4,  were  inserted  in 
their  respective  mercury  cups,  as  shown  in  Figs.  1189  to 
1191;  and  W5  was  attached  to  the  binding-screw  of  one 
terminal  pole  of  the  Smee's  battery.  * 

W,',  Wj',  were  held  by  the  officer  in  charge  of  that     U 
battery,  one  wire  in  each  hand.     W,',  W4',  Mere  Mmilurly    ?J 
held  by  the  officer  over  that  battery,  and  W,    woa  in 
Lieut.  Grossman's  charge.  .    „       , 

Captain  Frome  arranged  to  give  tho  signal  thus:— >" One,  two,  tl 
three,/™;"  the  first  fire  referring  to  the  large  minus  (when  the  wm-»  In 
plunged  into  the  other  mercury  cups),  and  the  second  fire  to  the  three  « 
officers  had  to  complete  the  circuits  corresponding  to  those).    At  the  fl 
mines  exploded,  and  the  effect  produced  separated  the  cliff  behind  tho  throe 
quickly  as  to  drag  all  the  remaining  wires  i.ut  <-f  the  window,  thus  preventing  ll 
being  fired.     The  wire  W,.  attached  to  tho  bindin-.'-M-n-w  of  BnWi  ball 
the  shock  made  the  other  batteries  jump  on  the  table,  mixing  and  •pill  1   M  .•' 

With  respect  to  the  plan  originally  proposed  for  firing  the  i 
d  placing  the  charges  in  one  continuous  circuit,  it  was  aeacrtod  lobe  M^2jtojital,nnd| 


•          ' 


and  placing  the  charges 

because,  if  one  platina  wire  was  a  little  shorter  than  the  other.  tl> 
thus  disconnecting  the  circuit,  would  prevent  the  other  Mi  exploding. 
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Subsequent  experiments  (as  has  been  before  stated)  have  proved  this  opinion  erroneous,  for  in 
all  trials  that  have  been  made  at  Portsmouth  of  that  method  of  firing,  the  length  of  platina  wire 
was  always  judged  by  the  eye,  never  accurately  measured. 
But  a  safe  means  could  have  been  adopted  to  prevent 
even  this  contingency,  and  have  placed  beyond  possibility 
the  chance  of  only  one  charge  exploding.  The  diagram. 
Fig.  1192,  will  explain  it. 

The  dotted  lines  represent  the  copper  conducting  wires 
leading  to  charges  C,  and  C,.  The  length  of  platinum 
wire  in  C,  may  be  made  j  in.  long,  that  in  C,  f  in. ;  and 
at  points  a  and  6  connect  copper  wires  of  the  same  thick- 
ness as  the  conducting  wires,  leading  towards  each  other,  but  not  approaching  nearer  than  1  in., 
and  this  interval  connected  by  soldering  on  a  platiua  wire  1  in.  long,  between  the  two,  and  encasing 
it  in  wood  to  protect  it  from  possible  fracture  in  the  tamping,  and  securing  it  from  all  strain. 
On  completeing  the  circuit  at  the  battery,  C,  would  fuse  before  Cz,  being  J  in.  shorter,  but  the 
electric  circuit  through  C,  would  still  be  complete  by  the  aid  of  the  connections  a  b ;  similarly, 
C,  must  fuse  before  the  platina  wire  at  a  b,  being  shorter  by  $  of  an  in. ;  and  the  interval  between 
the  explosion  of  C,  and  C,  would  not  be  more  than  J  of  a  second  at  the  most;  indeed,  practically 
instantaneous. 

Application  of  Permanent  Magnets  to  the  Explosion  of  Mines  and  Submarine  Charges. — Electro-mag- 
netism and  magneto-electricity  may  be  explained  and  illustrated  as  follows :  A  cell  of  DanielFs 
battery  is  represented  in  Fig  1193 ;  a  rod  of  zinc  A  B  is  placed  within  a  tube  C  D  of  porous  earthen- 
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ware,  the  vessel  E  F  being  of  copper.  The  porous  tube  C  D,  containing  the  zinc  rod  A  B,  is  filled 
with  a  mixture  of  one  part  sulphuric  acid  and  ten  parts  water  ;  the  space  between  the  earthenware 
tube  and  the  copper  cell  E  F  is  filled  with  a  saturated  solution  of  sulphate  of  copper;  this 
saturated  solution  is  prepared  by  pouring  boiling  water  on  a  superabundance  of  crystals  of 
sulphate  of  copper  and  stirring  them  ;  to  this  solution  one-tenth  acid  should  be  added.  A  binding- 
screw  H  establishes  metallic  contact  between  the  zinc  rod  A  B  and  one  end  of  a  wire,  the  metals 
being  clean  at  the  points  of  contact ;  the  other  end  of  the  wire  is  brought  into  metallic  contact 
with  the  copper  cell  E  F  by  means  of  the  binding-screw  G  and  the  metal  support  I,  which  may 
be  either  of  brass  or  copper. 

la  the  coil  of  insulated  copper  wire  at  20,  when  the  positive  galvanic  current  descends  and 
passes  in  a  right-handed  spiral  round  the  soft  iron  bar  N  S,  20,  the  iron  bar  becomes  an  electro- 
magnet, the  north  pole  N  on  the  right  of  the  observer.  The  bar  of  soft  iron  N  S  loses  its 
magnetism  or  becomes  demagnetized  the  instant  the  continuous  metallic  circuit  X,  20,  21,  V,  M  Z 
is  broken.  Suppose  the  wire  to  be  made  fast  to  two  metal  discs  L  and  N,  24,  which  do  not  touch, 
then  the  galvanic  current  will  not  circulate  as  the  continuous  metallic  contact  is  broken ;  but  the 
instant  a  plug  of  metal,  touching  both  the  discs,  is  placed  in  the  hole  M,  the  galvanic  current 
circulates,  and  S  N.  20,  will  be  found  to  acquire  a  considerable  quantity  of  magnetism,  the  cell  19 
being  charged  and  arranged  as  before  directed.  But  as  soon  as  the  plug  M  is  withdrawn,  or  the 
metal  bar  Q,  23,  removed,  the  circuit  is  broken,  and  the  bar  S  N,  20,  loses  its  magnetism.  The 
bar  Q,  23,  establishes  metallic  contact  between  the  ends  P,  B,  of  the  wire.  It  must  be  observed  by 
those  who  are  not  acquainted  with  galvanic  electricity  and  technical  terms  that  positive  electricity  passes 
from  the  lower  pirt  of  the  zinc  rod  through  the  fluids  and  porous  pot  C  D,  to  the  copper  cover  E  F,  and 
then  continues  its  course  X,  +,  20,  21,  22,  V,  23,  the  plug  M,  and  returns  to  the  upper  end  H  of  the  zinc 
bar.  The  electric  current  passes  from  the  zinc  to  the. copper  through  the  porous  pot  and  fluids, 
and  leaves  the  battery  by  the  wire  (which  may  be  of  immense  length)  attached  to  the  copper, 
passing  through  any  apparatus  that  maintains  continuous  metallic  contact,  and  returning  to  the 
battery  by  the  wire  attached  to  the  end  of  the  zinc  which  is  not  immersed  in  the  fluid ;  the  copper, 
although  the  negative  metal,  forms  in  this  case  the  positive  end  (+)  of  the  battery ;  and  the  zinc, 
although  the  positive  metal,  forms  the  negative  end  (— ).  A  piece  of  soft  iron,  21,  when  bent  in 
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the  form  of  a  horse-shoe,  round  the  horns  of  which  is  wound  spirally  a  lenrth  of 
copper  wire,  acquires  a  considerable  quantity  of  magnetism  while  a  Valvau 
through  the  wire;  one  end  of  the  magnet  so  arranged  becomes  the  north  pole kndthe o£ 
south,  if  the  spiral  be  wound  in  the  same  direction  throughout,  supposingthe ban»«hM 
unbent  and  made  straight.    When  a  galvanic  current  circulates  round  the  honuof 
electro-magnet  21,  a  piece  of  soft  iron  K,  near  its  ends  or  poles,  will  bo  raised  •  but  as  soot 
plug  of  metal  M,  which  is  technically  termed  a  contact-peg,  is  removed,  the  eleotroWnLi  * 
becomes  demagnetized,  and  K  is  disengaged  or  allowed  to  fall.    Electro-magneto  of  th 
been  arranged  so  that  they  sustained  a  weight  nearly  equal  to  a  ton     If  a  positive  ralraa 
current  passes  along  a  wire  in  the  neighbourhood  of  a  magnetic  needle  N  8.  81th*  msSl 
be  deflected,  and  will  take  a  position  n  s,  Fig.  1193,  at  nearly  right  angles  to  the  wire.    But  wh* 
the  circuit  is  broken  by  withdrawing  the  contact-peg  M,  or  by  removTn-  the  .trip  of  metal  h  •* 
the  magnetic  needle  will  return  to  its  original  position  N  8.    The  Danish  philosopher  Omtad 
about  the  year  1820,  discovered  the  connection  between  galvanism  and  magnetism ;  be  also  illus- 
trated his  discovery  by  many  phenomenal  developments.    In  applying  electro-magnetism  to  th* 
business  of  telegraphy,  the  next  important  discovery  was  made  by  Steinhvil,  who  ft^iH  that 
the  earth  might  be  used  to  make  up  half  the  circuit  of  a  galvanic  current ;  for  if  a  number  of 
cells  like  19  be  combined,  so  that  the  battery  may  bo  of  sufficient  strength,  the  discs  of  •otal 
M,  N,  24,  Fig.  1193,  may  be  buried  in  the  earth  at  a  great  distance  apart,  and  yet  the  circuit  *  ill 
be  complete  although  the  return  wire  is  dispensed 
with.     Faraday  found  by  experiment  that  the  con- 
verse phenomena  also  takes  place,  namely,  that  on 
inserting  a  permanent  magnet  N  S,  Fig.  1194,  into 
the  middle  of  a  helix  of  insulated  wire  A  Z,  a  current 
of  electricity  is  generated  in  the  circuit  of  wire  A  B  Z ; 
the  direction  of  the  current  depending  upon  the  pole 
inserted  and  the  end  of  the  spiral  with  respect  to  the 
direction  of  its  windings. 

This  experiment  of  Faraday  has  been  much  over- 
rated, for,  when  Oersted  had  discovered  that  an  elec- 
tric current  produced  a  magnet,  it  required  but  little 
analytical  skill  to  observe  that  the  converse  phenomena 
takes  place,  namely,  that  a  magnet  would  produce  an 
electric  current. 

Many  vague  conjectures  and  absurd  theories  were  entertained  about  the  mechanical  action  of 

the  galvanic  and  electro-magnetic  currents  until  Ohm,  a  German  physicist,  provid  that  I  =  ^  * 

in  which  F  =  the  electric  motive  force,  W  =  the  resistance,  and  I  =  the  intensity.  Faraday  proved 
experimentally  that  Q  =  s  I,  Q  being  the  quantity  of  electricity  conveyed  by  the  current,  I  the 
intensity,  and  s  =  the  time  during  which  the  current  circulates.  Dr.  Joule  assorts,  following  o«t 
the  ideas  of  Dr.  Mayer,  that  U  =  I2  W  s ;  iu  which  U  =  units  of  work.  However,  the  proofs  bf 
which  our  present  mechanical  equivalent  of  heat  has  been  established  arc  far  from  bring  satis- 
factory. This  experimental  proposition  of  Mayer  and  its  converse  may  or  may  not  be  true.  The 
proofs  given  by  Professor  Tyndall  and  Dr.  Joule  are  not  conclusive.  Many  forms  of  lattery,  a 
variety  of  mechanical  contrivances,  and  numerous  formula;,  have  been  employed  in  th*  business  of 
telegraphy,  the  most  useful  of  which  we  give  elsewhere,  in  order  of  merit.  But  those  develop- 
ments, except  the  local  battery  of  Morse,  are  of  a  very  second-rate  character  compared  with  those 
we  have  enumerated. 

To  illustrate  what  we  have  stated  with  respect  to  the  electro-magnet,  we  will  explain  U 
simple  principle  upon  which  W.  Siemens  constructed  one  of  his  first  telegraph*.  Suppose  A  J, 
Fig.  1195,  to  be  a  piece  of  soft  iron, 
supported  on  an  axis  C  at  one  end, 
and  lifted  by  a  spring  F  in  the  middle, 
so  as  to  press  A  J  upwards  against  the 
metallic  contact-screw  D.  Let  the  posi- 
tive pole  of  the  battery  B  be  connected 
by  a  wire  e  with  one  end  of  the  wire- 
coil  of  an  electro-magnet  M  M,  the 
other  end  of  the  coil  being  connected 
with  the  contact-screw  D,  by  a  wire 
e' ;  while  a  third  wire  e"  completes  the 
circuit ;  e"  connects  the  negative  pole 
of  the  battery  with  C  the  axis  of  the 
piece  of  soft  iron  or  armature  A  J. 
When  the  circuit  is  complete,  the  cur- 
rent circulates  in  the  coils  of  the  elec- 
tro-magnet M  M,  magnetizes  them,  and 
causes  the  soft  iron  lever  A  J  to  be 
attracted  to  the  poles ;  this  operation 
breaks  the  metallic  contact  between 
the  lever  C  J  and  the  contact-pin  D. 
When  this  occurs,  the  galvanic  current 
ceases  to  circulate  in  the  coils  of  M  M, 
the  soft  iron  cores  of  which  become  demagnetized,  and  have  no  longer 
which  is  therefore  lifted  by  the  spring  F.  But  then  contact  is  again  wtabli 
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C  J,  and  the  galvanic  circuit  again  completed.  So  thnt  when  the  apparatus  is  properly  adjusted, 
the  soft  iron  lever  A  J  will  continue  to  move  up  and  down  as  lou^  sis  the  battery  aiid  the 
mechanical  arrangement  remain  in  working  order.  One  galvanic  circuit  may  be  arranged  to  ^i\e 
motion  to  two  or  more  such  levers  as  A  J  at  the  same  time,  which  motions  may  be  applied  to 
move  pointers  on  dial-plates  and  convey  telegraphic  messages. 

Magnetism,  or  the  property  of  permanent  polarity,  was  formerly  siipposed  to  belong  to  iron 
only.  Later  researches  show  that  this  is  to  be  shared,  though  not  equally,  with  nickel,  cobalt,  and 
chromium.  Occasional  magnetism  may  be  excited  in  most  substances,  as  is  shown  by  their 
influencing  the  oscillations  of  a  freely-suspended  magnetic 'needle.  But  this  influence  is  much 
weaker  in  all  other  substances  than  in  the  four  which  we  have  named.  Silver,  which  stands  tho 
highest  of  all  the  other  metals,  is  nine  times  feebler  in  this  respect  than  iron  ;  gold  fifteen  times, 
and  marble  nearly  twenty  times  more  weak.  Iron  acquires  magnetism  by  contact  or  suitable 
friction  with  a  magnet,  by  being  suitably  rubbed  or  struck  in  a  proper  position,  by  exposure  to 
refracted  light  of  the  sun,  and  even  by  being  left  to  stand  in  a  nearly  vertical  position.  Here  it  is 
enough  to  say  that,  owing  to  the  ease  with  which  it  is  accidentally  developed,  it  is  extremely 
difficult  to  find  in  the  shop  of  a  philosophical  instrument  maker,  for  instance,  a  tool  or  strip  of 
iron  which  is  not  in  some  degree  magnetic.  In  all  its  conditions  and  states  it  is  susceptible  of  this 
property,  but  develops  it  differently  in  each.  Thus,  grey  crude  iron  becomes  sooner  and  more 
intensely  magnetic  than  white  iron,  but  yields  in  both  these  regards  to  wrought  iron  and  steel. 
Soft  ductile  iron  is  more  easily  and  more  strongly  magnetizable  than  steel,  but  does  not  retain  its 
magnetism  as  well.  A  similar  relation  is  observable  between  untempered  and  tempered  steel. 
The  magnetism  of  iron  may  be  weakened  or  lost  by  methods  similar  to  those  which  originally 
impressed  it.  The  filings  of  a  magnet  are  less  magnetic  than  the  solid  mass.  A  heavy  sudden 
blow  or  shock  against  a  hard  body  will  sometimes  destroy  magnetism.  Heat  always  diminishes  it ; 
although  there  are  some  peculiarities  which  have  been  observed  in  this  regard  that  are  difficult  of 
explanation.  It  undergoes  deterioration  whenever  similar  poles  of  two  equally  strong  magnets  are 
kept  in  prolonged  contact ;  and,  finally,  is  always  abated  by  alloying  with  other  substances,  and 
may  be  destroyed  entirely  by  increasing  the  proportion  of  alloy.  Arsenic  is,  in  this  respect,  the 
most  active  of  the  metals,  though  an  alloy  of  two-thirds  arsenic  does  not  entirely  prevent  the  mass 
from  being  attracted  by  the  needle.  Mushet,  however,  affirms  that  22  per  cent,  of  manganese 
effectually  destroys  magnetism  in  an  alloy  of  iron.  Malleable  iron  is  an  excellent  conductor  of 
electricity;  and  although  in  this  respect  inferior  to  copper  and  zinc  among  the  easily  oxidized 
metals,  and  to  gold,  silver,  and  platinum  among  the  others,  it  is  yet,  for  economy,  universally 
employed  for  telegraphic  purposes  and  for  lightning-rods.  In  the  voltaic  pile  it  follows  zinc  in 
the  order  of  electro-positive  metals.  The  electro-magnetic  properties  of  iron  are  very  remarkable, 
in  the  facility  with  which  it  is  converted  into  a  magnet  of  great  energy  during  the  passage 
through  it  of  a  galvanic  or  electric  current.  It  is  on  this  that  the  electro-ifTagnetic  telegraph  owes, 
in  part,  its  adaptation  and  success. 

The  ignition  of  gunpowder  by  the  direct   magneto-electric  current,  though  well  known  to  be 
practicable,  had,  in  1861,  never  been  applied  to  military  or  industrial  operations  in  England,  and  no 
satisfactory  experiments  showing  its  practical,  applicability  to  these  purposes  had  been  published. 
In  the  first  experiments  of  Abel  and  Wheatstone  a  powerful  magneto-electric  machine  con- 
structed by  Henley  was  used. 

A  few  trials  sufficed  to  show  that,  even  with  this  instrument,  gunpowder  itself  could  not  be 
ignited  with  any  degree  of  certainty.  Eesults  obtained  with  Statham's  and  other  fuzes,  though 
superior  to  those  furnished  by  gunpowder  alone,  were  still  far  from  satisfactory. 

The  first  experiments  were,  therefore,  directed  to  the  discovery  of  a  suitable  agent  to  serve  as 
a  perfectly  certain  medium  or  priming  material  for  effecting  the  ignition  of  charges  by  means  of 
the  magneto-electric  machine.  For  this  purpose  a  variety  of  compositions  of  a  more  or  less  sensi- 
tive character  were  prepared  for  trial  with  the  magnet. 

Many  of  these  compositions  furnished  results  to  a  certain  extent  favourable;  a  number  of  fuzes, 
primed  with  them,  having  been  fired  in  succession  with  the  magnet,  and  from  two  to  four  charges 
in  one  circuit  having  been  ignited  in  a  very  few  instances.  But  no  perfect  certainty  of  discharge 
was  attained  with  any  one  of  the  materials,  the  attempt  to  fire  a  fuze  being  frequently  unsuccessful ; 
while  no  difference  between  it  and  a  successful  fuze  containing  the  same  composition  could  be 
detected  by  careful  examination. 

These  preliminary  trials,  however,  established  the  fact  that  the  sensitiveness  or  ready  explo- 
siveness,  of  a  pruning  material  was  not  alone  sufficient  to  determine  its  success,  but  that  those 
which  possessed  a  certain,  though  not  too  considerable,  degree  of  conducting  power,  were  more 
readily  and  certainly  ignited  than  others  of  a  far  more  sensitive  character. 

Some  successful  results  obtained  accidentally  with  one  of  the  experimental  compositions,  which 
had  become  damp  by  exposure  to  the  air,  led  to  a  trial  of  the  effect  of  moisture  in  promoting  the 
ignition  of  but  slightly  sensitive  compositions ;  and  it  was  ultimately  found  that  the  impregnation 
of  ordinary  gunpowder  with  a  small  amount  of  moisture,  by  an  expedient  similar  in  principle  to  one 
adopted  with  considerable  success  by  Capt.  H.  Scott,  in  connection  with  charges  to  be  fired  by  the 
induction-coil  machine,  rendered  its  ignition  by  means  of  the  magnet  a  matter  of  certainty. 

Some  important  precautions  were,  however,  indispensable  to  the  attainment  of  this  definite 
result.  If  the  slightly  damp  powder  were  employed  in  a  finely  divided  condition,  it  very  fre- 
quently became  caked  between  the  wire  terminals  in  the  fuze,  and  the  current  would  then  pass 
through  the  composition  without  igniting  it.  This  was  found  to  take  place  occasionally,  even  when 
the  powder  was  employed  in  its  original  granular  condition.  Several  attempts  were  made  to 
overcome  this  difficulty  by  modifying  the  form  and  position  of  the  terminals ;  and  an  arrangement 
of  a  completely  successful  nature  was  eventually  contrived,  in  which  only  the  sectional  surfaces  of 
the  extremities  of  the  terminals,  which  consisted  of  fine  copper  wire,  ^  in.  diameter,  were  exposed 
in  the  interior  of  the  fuze  so  as  not  to  project  at  all.  The  prepared  gunpowder,  therefore,  simply 
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rested  upon  the  surfaces,  and  a  perfect  uniformity  in  the  action  of  the  faze  was  fttthvH  The 
priming  composition  consisted  of  fine-grain  gunpowder,  which  had  been  waked  in  an  •W«W«|W} 
solution  of  chloride  of  calcium,  of  a  strength  sufficient  to  impregnate  the  grains  with  fnn  1  to  a 
per  cent,  of  that  salt.  The  prepared  powder  was  exposed  to  the  air  fur  a  suort  *i«n»t  to  permit  u4 
a  sufficient  absorption  of  moisture  by  the  deliquescent  salt 

Upwards  of  500  quill  fuzes,  of  the  description  employed  for  firing  gun*,  primed  with  the  pre- 
pared gunpowder  and  fitted  with  the  arrangement  of  the  terminal*  above  referred  to,  vtr»  trad 
with  the  large  lever-magnet.  The  failures  did  not  amount  to  more  than  3  per  cent,  aad  VMM 
all  proved  to  be  due  to  defective  manufacture. 

This  fuze  was  found  to  be  easy  of  manufacture  and  permanently  effective.  While,  however,  tt 
presented  a  certain  means  of  effecting  tho  ignition,  by  the  aid  of  a  powerful  magnet,  of  stiiftie 
charges,  or  of  a  large  number  to  be  fired  in  moderately  rapid  succesiuon,  it  was  inappliethfe  to  the 
ignition,  with  certainty,  of  more  than  one  charge  in  circuit. 

A  new  description  of  priming  material  for  the  fuze  was  prepared  soon  afterwards,  which  greatly 
exceeded  in  sensitiveness  any  of  the  other  compositions  hitherto  tried.  A  very  gradual  separation 
of  the  armature  from  the  large  magnet  sufficed  to  effect  the  ignition  of  the  foaes  primed  with  this 
material,  and  the  induced  current  obtained  by  means  of  a  very  small  magnet,  with  a  rotatory 
armature,  such  as  that  employed  in  Wheatstone's  magneto-electric  telegraph,  wi 


powerful  to  produce  the  same  result. 

The  fuze-head,  which  is  of  box- wood,  contains  three  perforations,  Fi^a.  1196  to  1198 :  the  OB* 
passing  downwards  through  the  centre  receives  about  2  in.  of  double  insulated  wire  a  a,  Figa  1180, 
1200,  two  copper  wires  of  2-i-gauge,  0'022  in.  diameter,  enclosed  side  by  side,  at  a  distance  of 


1197. 


1199. 


- 


» J!  -W-g  " 


The  horizontal  perforations  in  the  head,  in  which  position  it  IB  ijci. 


tin-foil,  Figs. 


p,  the 

and  in  close  contact  with  the  s 

The  cap  is  fixed  by  winding  a 


of  t«.  n  ^ 


at  one  eDd;  the  other,  after  the  introducliou  of  the 

to  have  tho  fuze,  read,  tttted  -iU. 


round 
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in  length,  twisted  together  as  shown  iu  Fig.  1205.  The  ends  of  the  wires,  after  they  are  passed 
through  the  connecting  holes  in  the  fuze-head,  should  be  tightly  fixed  in  their  position  by  the 
introduction  of  a  short  piece  of  copper  wire 

The  phosphide  of  copper  fuze  for  firing  cannon,  Fig.  120-t, 
differs  slightly  in  its  construction  from  the  mining  fuze.  The 
fuze-head  is  longer  than  in  the  latter,  and  of  such  a  form  that  the 
double  covered  wires,  which  are  fitted  into  it  in  the  manner 
already  described,  are  completely  enclosed  in  it,  the  lower  ex- 
tremity of  its  central  perforation  still  remaining  free  to  receive 
the  top  of  the  quill  or  copper  tube  charged  with  powder,  like 
the  ordinary  tube  arrangement  for  firing  cannon. 

The  priming  material  contained  in  the  fuze  is  prepared  by 
reducing  separately  to  the  finest  possible  state  of  division  the 
sub-phosphide  of  copper,  sub-sulphide  of  copper,  and  chlorate  of 
potassa,  and  then  mixing  these  powdered  substances  very  inti- 
mately, in  the  proportions  of  10  parts  of  the  first,  45  of  the 
second,  and  15  parts  of  the  third,  by  rubbing  them  well  together 
in  a  mortar,  with  the  addition  of  sufficient  alcohol  to  thoroughly 
moisten  the  mass.  The  mixture  is  afterwards  carefully  dried,  and 
may  be  safely  preserved  in  closed  vessels  until  required. 

In  the  experiments  subsequently  carried  011  with  fuzes  which 
contained  this  composition,  it  was  found  that  a  slight  residue,  con- 
sisting principally  of  the  coke  employed,  occasionally  remained  on  tho  surfaces 
of  the  terminals  in  the  fuze  after  its  discharge,  and,  by  forming  a  good  con- 
ducting link  between  them,  interfered  with  any  further  effects  of  the  magnetic 
current  in  other  directions,  by  the  establishment  of  a  complete  circuit. 

The  obstacle  to  the  complete  success  of  the  composition  was  entirely  re- 
moved by  the  substitution  of  another  material,  more  easily  acted  on  by  the 
chlorate  of  potassa  than  the  coke,  and  answering  equally  well  with  the  latter 
as  a  conducting  medium,  namely,  the  sub-sulphide  of  copper. 

No  instance  has  occurred  in  the  discharge  of  several  thousand  fuzes, 
primed  with  the  mixture  of  sub-phosphide  and  sub-sulphide  of  copper  with 
chlorate  of  potassa,  in  which  the  terminals  have  not  been  found  quite  free 
from  adherent  residue  after  the  ignition. 

The  sub-phosphide  of  copper,  which  is  produced  at  an  elevated  tempera- 
ture, is  a  compound  of  very  stable  character,  and  the  mixture  of  the  three 
constituents  is  quite  as  unalterable  as  the  explosive  mixtures  which  are  in 
general  use  for  the  preparation  of  percussion  caps,  and  so  on.  The  stability 
of  the  mixture  has  been  submitted  to  very  satisfactory  tests.  Fuzes  primed 
with  it  have  lost  none  of  their  delicacy  and  certainty  when  tried  more  than 
two  years  after  preparation.  See  ATOMIC  WEIGHTS,  p.  195. 

The  sub-phosphide  of  copper,  intimately  blended  with  chlorate  of  potassa, 
forms  a  mixture  in  a  high  degree  sensitive  to  the  effect  of  heat,  and  possessed 
at  the  same  time  of  some  power  of  conducting  electricity.  With  the  employ- 
ment, however,  of  magneto-electric  machines  of  comparatively  low  power, 
and  in  cases  where  the  resistance  to  be  overcome  by  the  current  is  considerable,  this  conducting 
property  is  not  sufficient  to  ensure  the  ignition  of  the  mixture  by  assisting  the  passage  of  the 
current  across  the  interruption  in  the  metallic  circuit— across  the  small  distance  between  the  ter- 
minals of  the  wires  in  the  fuze.  It  must  be  borne  in  mind  that  the  striking  distance,  or  the  space 
between  the  terminals,  across  which  the  current  from  even  a  powerful  magneto-electric  machine  will 
leap,  is  very  small.  With  the  large  lever-magnet  the  spark  could  only  be  produced  when  the  wires 
were  almost  in  contact.  Since,  however,  it  is  indispensable  to  the  proper  insulation  of  the  wires  in  the 
fuze  arrangement  that  the  terminals  should  be  at  least  ^  of  an  in.  apart,  it  will  be  readily  under- 
stood how  essential  to  success  in  operations  with  these  machines  it  is  that  the  priming  material 
should  possess  considerable  conducting  power.  Hence  the  necessity  of  increasing  the  conducting 
power  of  the  mixture  of  sub-phosphide  of  copper  and  chlorate  of  potassa ;  a  result  which  it  has 
been  already  stated  was  attained  in  the  first  instance  by  the  employment  of  finely  powdered  coke, 
and  afterwards  by  the  substitution  of  sub-sulphide  of  copper  for  that  substance. 

Many  experiments  were  of  course  required  to  determine  the  proportions  in  which  it  was  advisable 
to  employ  the  conducting  constituent,  so  as  to  facilitate  the  passage  of  the  current  through  the 
mass  as  far  as  possible,  without  interfering  too  much  with  the  sensitiveness  of  the  explosive 
mixture,  or  producing  an  almost  perfectly  continuous  connection  between  the  two  poles  in  the 
fuze,  and  thus  promoting  the  passage  of  the  current  so  greatly  as  to  prevent  the  ignition  of  the 
composition. 

Considerable  difficulties  were  encountered  in  the  endeavours  properly  to  balance  these  conditions, 
when  attempts  were  made,  which  will  presently  be  mentioned,  to  apply  the  mixture  in  question  to 
the  ignition  of  several  charges  in  circuit.  The  increase  in  the  resistance  of  the  current,  consequent 
on  the  introduction  of  more  than  one  interruption  in  the  metallic  circuit,  necessitated  an  increase 
in  the  conducting  power  of  the  mixture,  which  it  was  difficult  to  attain,  unless  at  a  considerable 
sacrifice  of  the  sensitiveness  of  the  composition. 

It  was  consequently  found  that  when  the  proper  conditions  had  been  attained  for  ensuring  the 
passage  of  the  current  through  several — five  or  six — fuzes  in  circuit,  the  absolute  certainty  of  the 
fuze,  when  applied  in  this  manner,  had  been  sacrificed.  Thus,  out  of  several  fuzes  tried  together, 
which  had  been  most  carefully  prepared,  so  as  to  be  as  far  as  possible  perfectly  alike,  the  current 
would  ignite  a  few,  passing  through  the  others  without  affecting  them,  and  would  thus  point  to 
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minute  differences  in  the  conducting  ]x>wen  and  sensitiveness  of  different  portion*  of  on 
same  quantity  of  the  mixture,  which  was  prepared  in  such  a  way  as  to  enJre 
uniformity. 

The  results  of  many  experiments  established  the  fact,  that  the  proportion*  of  in, 
referred  to  furnished  a  mixture  Bossed  of  the  highest  eS^JJ^SSSTCSS 
detriment  to  the  sensitiveness  or  ready  explosiveness  of  the  material.    Tlbe  eertata 
when  applied  in  the  fuze  to  the  explosion  of  "a  single  charge,  by  employing  a  **£!*£  «£ 

3 


Experiments,  made  with  the  aid  of  this  composition,  established  the  fort  that 


th* 


, 

obtained  by  means  even  of  a  very  powerful  permanent  magnet,  wi,,  u  ni.i.li.d  to  tb»  ta 
ned  m 


,  ... 

several  charges  arranged  m  succession  in  one  circuit,  is  very  limited  in  it*  power*.    In  illu 
of  this  it  may  be  stated  that,  on  trial  being  made  of  twenty-one  consecutive  »-U  of  four  el 
eighteen  of  the  sets  were  perfectly  disci  in  rged  •.  but,  in  the  other  three  »  u.  onlv  two  or  t^ 
the  charges  were  ignited.     Out  of  five  sets,  of  five  charges  each,  only  two  aet*  were  eamnl 
discharged;  and  in  several  attempts  made  to  ignite  six  fuzes  in  one  circuit  . 
in  each  case.    In  all  these  experiments,  when  charges  had  escaped  ignition,  tin-  nim-nt  tuul  i«*J 
through  the  sensitive  composition  without  firing  it.    When  the  discharged  fuir»  wen  reman 
and  the  remainin    ones    roerl    connected  the    w 


and  the  remaining  ones  properly  connected,  they  were  alffired 
n  already  stated  that  no   beneficial  effects  w 


It  has  been  already  stated  that  no   beneficial  effects  were  attained  \,\  nvxlifring  UM>  pro- 
portions  or  ingredients  in  the  priming  composition,  to  as  to  diminish  or  lucrwiw  iu 


power. 

Three  charges  were  therefore  the  most  that  could  be  ignited  vitk  trrt,tinty  br  romn*  of  a 
powerful  electro-magnetic  machine,  when  they  were  arranged  in  succession  in  simple  circuit. 

The  plan,  originally  suggested  by  M.  Savare,  of  arranging  the  charge*  in  divided  circuits  ««• 
next  tried,  and  furnished  far  more  successful  results.    The  simultaneous  ignition  of  twi-i 
charges  was  repeatedly  effected  by  means  of  the  large  mngnet,  each  charge  being  connected 
separate  branch  attached  to  the  main  line,  which  led  from  one  pole  of  the  magnet,  and  their 
connection  with  the  earth  established  by  means  of  uncovered  copper  wire,  the  extremity  of  which 
was  wound  round  an  iron  stake  driven  into  the  ground. 

A  still  larger  number  of  charges  (forty)  was  similarly  exploded  on  several  occasion*. 

These  results  were  all  obtained  with  the  large  magnet,  the  current  being  eatabluhed  by  rapidly 
separating  the  armature  from  the  poles  by  means  of  a  lever.  By  a  simple  arrangement  for  thiSf»f 
the  connection  of  the  main  wire  with  the  exploded  charges,  from  them  to  a  second  iterie*.  MmiUrlr 
arranged,  twenty-five  were  also  simultaneously  ignited,  on  allowing  the  armature  to  return  to  th* 
poles  of  the  magnet.  It  was  found,  moreover,  that  the  same  number  could  be  fired  by  meant  of 
this  magnet,  even  if  two  folds  of  thick  brown  paper  were  interposed  between  the  pnje*  and  UM 
armature,  so  that  on  depression  of  the  lever  the  armature  had  no  longer  to  be  forcibly  detached,  bwt 
simply  to  be  removed  from  the  magnet. 

These  successful  results  led  to  trials  of  magneto-electric  machines  of  comparatively  email  sbe, 
with  revolving  armatures.    In  the  employment  of  these  machines,  it  was  of  course  not  expected 
that  any  single  induced  current  obtained  from  them  should  distribute  itself  among  a  nui. 
fuzes  placed  in  divided  circuit,  as  was  the  case  with  the  comparatively  much  more  powerful  current 
obtained  with  the  large  magnet;  but  it  was  hoped  that  the  very  rapid  succoaion  of  currrt/ 
nished  by  them  would  produce  a  very  similar  result,  by  distributing  thrmselve*  over  the  differ*  nt 
branches  of  the  circuit  with  which  the  fuzes  were  connected,  and  that  the  ignition  of  the  whole  of 
the  fuzes,  though  it  could  not  be  so  positively  instantaneous  as  when  the  ono  current  waa  durhanring 
the  entire  number,  might  yet  be  effected  with  such  rapidity  as  practically  to  amount  to  a  simul- 
taneous discharge. 

The  results  obtained  fully  confirm  these  expectations.  With  n  smnll  horne-nnoe  magnet,  7  In. 
in  length,  1  in.  in  breadth,  and  1J  in.  in  thickness,  provided  with  a  revoking  armature  MM! 
multiplying  wheels,  by  which  great  rapidity  of  motion  could  be  attained,  twenty-five  charr 
fired  ;  the  effect  of  the  discharge  on  the  ear  was,  however,  not  like  that  of  ono  tingle  explosion.  M 
was  the  case  in  the  former  experiments,  but  like  that  of  an  exceedingly  rapid  volley,  in  which  Ih* 
explosion  of  any  single  charge  could  not  be  distinguished. 

Still  more  favourable  results  were  cbtained  with  a  very  compact  arrangement  of  *JK  magnet*, 
each  about  half  the  size  of  the  above,  devised  by  C.  Wheatstone,  for  the  production  of  an  «rt*rmely 
rapid  succession  of  currents,  established  m  such,  a  manner  that  the  effect  would  bo  almost  •O.oal  to 
a  continuous  current. 

It  consisted  of  six  small  magnets,  to  the  poles  of  which  were  fixed  *ofl  iron  bar*  tumrnnd 
coils  of  insulated  wire.     The  coils  of  all  the  magnets  were  united  together,  ao  a*  to  form,  w 
external  conducting  wire  and  the  earth,  a  single  circuit     An  axis  carried  six  aoft  iron  armat 
in  succession  before  each  of  the  coils.     By  this  arrangement  two  advantage*  were  gained : 
magnets  simultaneously  charged  the  wire,  and  produced  the  effect  of  a  tingle  magnet 
six  times  the  dimensions,  and  at  the  same  time  six  shocks  or  current*  W«W  gr-n'  mt.M 
single  revolution  of  the  axis,  so  that,  when  aided  by  a  multiplying  motion  ap|<h< 
a  very  rapid  succession  of  powerful  currents  waa  produced.    A  single  large  mag 
armature  could  not  be  made  to  produce  the  same  succession  of  current*  wfOMH  t 
considerable  mechanical  power.    Another  peculiarity  of  this  apparatus  was  II 
stationary,  and  the  soft  armatures  alone  were  in  motion;  by  this  di«no*i1 
action  of  the  machine  was  never  broken.     In  the  usual  magneto-rh-ctno  machv 
armatures  the  circuit  is  necessarily  broken  twice  during  every  revolution,  and  t 
rise  to  irregularities  in  the  production  of  the  currents.     ]:>•  tl..-  BOHteMtlM  M 
can  never  fail  to  traverse  the  circuit.     It  nm>t  U-  1-rne  in  nnnd  V 
gation  is  taken,  with  some  alterations,  from  an  inflated  report  t 
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by  Wheatstono  and  Abel.    Such  documents  are  generally  cooker!  up.    See  '  Professional  Papers 
of  the  C.R.E.,'  vol.  x. 

The  total  weight  of  the  instrument,  enclosed  in  a  case,  was  32  Ibs.  11  oz.  It  was  enclosed  for 
transport  in  a  small  packing-case,  weighing  about  7  Ibs. 

The  system  of  firing  charges  by  means  of  magneto-electricity,  with  the  aid  of  the  phosphide  of 
copper  fuze,  having  been  thus  far  successfully  developed,  a  series  of  exjH'riinents  was  instituted  on 
it  at  Chatham,  for  the  purpose  of  thoroughly  testing  its  certainty  and  applicability  in  the  field,  and 
subsequently  for  ascertaining  the  extent  to  which  it  admitted  of  application  to  the  explosion  of 
submarine  charges.  These  experiments  extended  over  a  period  of  six  mouths,  and  were  performed 
•  under  various  conditions  of  weather. 

The  magnetic  apparatus  employed  in  all  the  field  experiments  was  so  arranged  that  tho  whole 
apparatus  was  enclosed  in  a  box,  the  only  exposed  portions  being  the  binding-screws  for  the  att:fh- 
ment  of  the  wires,  a  handle  for  setting  the  armatures  in  motion,  and  a  key,  by  the  depression  of 
which,  at  a  given  signal,  the  circuit  could  bo  completed. 

To  employ  the  instrument  at  any  moment,  the  following  were  the  operations  necessary : — 

The  insulated  wire  and  the  copper  wire  passing  to  the  earth  (the  earth  taking  the  place  of 
the  return  wire)  were  fixed  to  the  apparatus  by  means  of  the  binding-screws ;  the  instrument  was 
raised  from  the  ground  by  being  placed. on  ita  packing-case;  at  that  height  a  man  could  operate 
with  it  when  in  the  kneeling  posture. 

At  a  signal  ready,  the  handle  was  turned  with  one  hand,  so  as  to  cause  the  armatures  to  revolve 
with  the  greatest  possible  velocity  whilst  the  other  hand  was  pressed  against  one  corner  of  the 
instrument,  close  to  the  key,  so  as  to  steady  the  box,  and  to  be  ready  at  the  signal  fire  to  depress 
the  key  with  the  thumb. 

The  connection  of  the  instrument  with  the  earth  was  effected  as  follows : — 

A  moderately  clean  spade  was  selected  from  among  those  used  by  the  men  in  digging  holes  for 
the  charges.  One  end  of  a  piece  of  stout  copper  wire  was  placed  under  the  edge  of  the  spade,  in 
such  a  manner  that  when  the  latter  was  firmly  forced  into  the  ground  it  was  pressed  by  the  earth 
on  both  sides  against  the  iron  surface.  The  protruding  wire  was  wound  once  or  twice  round  the 
bottom  of  the  spade-handle,  and  then  attached  to  the  binding-screw  of  the  permanent  magnet. 

The  gutta-percha-covered  wire  used  in  the  experiments  having  been  in  occasional  service  at 
Chatham  for  some  years,  the  coating  had  sustained  some  injury  in  two  or  three  places.     Such 
defects  were  protected  from  possible  contact  with  the  earth  by  means  of  waterproof  cloth  or  sheet 
india-rubber.    The  tota'  length  of  wire  used  was  881  yds.,  of  which  600  were  extended,  lying  along  . 
the  ground. 

To  the  extremity  of  the  covered  wire  a  number  (from  12  to  25)  of  pieces  of  similar  insulated 
wire,  varying  in  length  between  3  and  6  yds.,  and  serving  to  connect  it  with  the  individual 
charges,  were  attached  in  the  following  manner : — About  6  in.  of  the  extremity  of  the  main  wire 
and  of  each  of  the  branch  wires  were  laid  bare,  and  cleansed ;  the  end  of  the  former  was  then 
surrounded  with  those  of  the  latter,  placed  in  an  opposite  direction,  and  the  whole  tightly 
twisted  together  by  means  of  pliers,  so  as  to  be  brought  thoroughly  into  metallic  contact  with  each 
other  and  with  the  main  wire.  The  twisted  wires  were  then  bound  round  with  moderately  fine 
copper  wire,  which  was  made  to  bring  every  portion  of  the  exterior  of  the  bundle  into  connection. 
The  joint  was  made  rigid  with  pieces  of  stick  tied  against  it,  and  the  whole  securely  enveloped  in 
a  piece  of  waterproof  cloth  or  canvas,  to  protect  it  from  damp  and  contact  with  the  earth. 

These  connections,  though  of  a  very  rough  description,  and  most  readily  prepared  by  any 
soldier,  were  thoroughly  effectual.  f  No  instance  occurred  in  the  whole  of  the  experiments  of  the 
failure  of  a  charge  which  could  b'e  attributed  to  an  imperfect  metallic  connection  of  its  branch 
wire  with  the  main  wire. 

The  following  was  the  method  adopted  for  connecting  the  fuzes  with  their  respective  branch 
wires  and  with  the  earth : — 

The  fuzes,  as  they  were  manufactured,  were  always  fitted,  as  shown  in  Fig.  1205,  with  two 
pieces  of  covered  wire  twisted  together.  They  were  thus  ready  for  insertion  into  the  bag  or  other 
receptacle  containing  the  charge  of  gunpowder,  the  ends  of  the  covered  wires  protruding  from  the 
opening  of  the  latter  to  a  convenient  distance  for  effecting  the  junction  with  the  branch  and  earth 
wires,  so  that  a  complete  galvanic  circuit  might  be  established,  which  was  excited  by  the  permanent 
magnet.  The  extremities  of  one  of  the  other  fuze-wires  and  of  a  branch  wire,  from  both  of  which 
the  gutta-percha  was  removed  to  a  distance  of  about  2  in.,  -were  connected  by  hooking  them 
firmly  one  in  the  other  with  pliers,  in  the  manner  shown  in  Fig.  1206.  A  piece  of  fine  copper 
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binding  wire,  about  6  or  8  in.  in  length,  was  then  twisted  over  the  whole  of  the  connection, 
and  the  joint  was  finally  enclosed  in  a  small  wrapping  of  oiled  canvas,  in  a  manner  similar  to  that 
adopted  at  the  principal  junction  with  the  main  wire. 

The  extremity  of  the  other  fuze-wire  was  attached  to  an  uncovered  copper  wire  of  sufficient 
length  to  bring  the  whole  of  the  charges  into  connection  with  each  other  in  this  manner.  The 
wire  was  fixed  in  a  convenient  position  by  being  twisted  round  short  stakes  or  pickets  driven  into 
the  ground,  and  its  extremities  were  buried  in  the  earth,  being  attached  either  to  spades,  as  already 
described,  or  to  zinc  plates  about  8  in  square. 

With  reference  to  the  earth-connection,  the  employment  of  large  metallic  surfaces  was  also 
proved,  by  repeated  experiments  at  Chatham  and  Woolwich,  to  be  superfluous.  The  simple  inser- 
tion into  the  ground  of  the  uncovered  extremities  of  the  fuze-wires  was  found  to  afford  a  pe» 
fectly  sufficient  connection  for  ensuring  the  ignition  of  the  charges. 
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.    The  largest  number  of  charges  which  it  was  attempts!  to  fire  at  once  at  Chatham  i 
five.     The  ignition  of  twelve  charges  was  repeatedly  effected,  and  with  ,,,ch  mpn  ™v\. 
the  practical  effect  of  a  simultaneous  discharge  of  the  whole.   With  twentv-fi vo  rli»] 
between  the  first  and  last  discharge  was  very  decided,  being  cvrtninlv  lorn-,.,  than 
number  of  charges  were  fired  at  Woolwich  with  the  employment  of  a  water  lencth! 
which,  however,  the  larger  portion  was  coiled  up,  the  space  between  the  earth-en 
only  about  one-half  of  that  introduced  at  Chatham;  yet  it  was  considered  Ui 
of  the  twenty-five  charges,  at  a  distance  of  600  yds.  from  the  magi  et,  and  with  the  emnlcram, 
881  yds.  of  covered  wire,  and,  in  addition,  about  100  yds.  in  the  form  of  branch  win-*, 
with  sufficient  rapidity  to  allow  of  that  number  being  employed  in  caw*  wlu-rw  a  aimalUi 
discharge  was  required. 

Another  instance  of  the  apparent  effect  of  increased  resistance,  in  the  form  of  an  increase  in  th* 
length  of  wire  laid  out,  in  diminishing  the  rapidity  of  discharge,  was  obsenrM  in  the  ,-mi.|..\  m 
of  one  branch  wire  of  four  or  five  times  the  length  of  the  others.    A  distinct  interval  was  not 
between  the  explosion  of  the  other  eleven  charges  and  that  of  the  one  attached  to  the  longer  bra 
wire. 

Experiments  were  made  to  ascertain  whether,  to  complete  the  circuit,  the  employment  of  a 
second  insulated  wire,  in  the  place  of  600  yds.  of  earth-connection,  would  modify  the  rapidity  of 
ignition  of  a  number  of  charges,  but  no  difference  of  effect  was  observed. 

It  need  scarcely  be  stated  that,  in  dealing  with  electricity  produced  by  a  permanent  manrt, 
defects  in  the  insulation  of  the  main  and  branch  wires  had  to  be  very  carefully  guarded  irsliijst 
Several  failures  in  the  first  experiments  were  eventually  traced  to  some  defect  of  that  kind.  A* 
instance  even  occurred,  before  the  proper  method  of  protecting  the  connections  of  the  chargr*  with 
the  insulated  wires  was  adopted,  in  which  the  deposition  of  moisture  upon  the  ^ut:  >  jx-rcha-coTcred 
wire,  near  the  charge,  prevented  the  ignition  of  the  latter,  by  forming  a  comit-ethi^  link  lntwsisl 
the  extremity  of  this  wire,  where  it  was  exposed  and  attached  to  the  fu/e.  and  tin-  nn<i>vi-r«-d  »if 
leading  to  the  earth,  in  consequence  of  the  two  wires  being  in  contact  at  a  distance  of  several  inches 
from  the  fuze. 

It  is  therefore  always  a  preliminary  precaution  of  primary  importance  that  th- 
covering  of  the  wire  to  be  employed  be  carefully  inspected  while  the  hitt«-r  is  U-in^  |njd  out  for  i 
and  that  any  imperfections  be  protected  from  possible  contact  with  the  earth  »T  frum  the  amM  of 
moisture,  a  result  readily  attainable  by  the  application  of  some  waterproof  envelope  to  the  : 
portion. 

The  experiments  instituted  at  Chatham  with  the  object  of  applying  the  current  produced  by  a 

permanent  magnet  to  the  ignition  of  submarine  charges  were  attended  with  gn-ut-r  diflimltir*  than 

those  which  served  to  test  the  system  in  its  application  to  land  operations ;  n.-vi-rthi  !••«,  the  results 

ultimately  attained  were  also  of  a  character  to  lead  to  definite  and  favourable  e.<n<-l  unions. 

The  method  of  establishing  the  connections  of  a  charge  with  the  wire  and  the  earth  iHflhud 

naturally  in  some  respects  from  the  mode  of  proceeding  already  descrilx-d. 

The  charges  of  powder  were  contained  in  canisters  of  block-tin  carefully  soldered  so  as  to  he 

•water-tight.    Any  vessels  of  this  material,  such  as  turpentine  cans,  may  In-  ••m|.|.iyed,  provided 

they  be  perfectly  coated  inside  with  marine  glue,  or  some  other  description  of  varnish. 
The  fuze,  with  two  wires  attached  as  before, 

the  one  a  few  inches  longer  than  the  other,  was 

inserted  into  the  charge,  and  fixed  in  its  proper 

position  in  the  canister  by  means  of  a  loose-fitting 

bung,  pushed  a  little  distance  into  the  neck,  and 

cut  on  one  side,  so  as  to  admit  of  the  passage  of 

the  longer  insulated  wire,  while  the  bare  part 

of  the  shorter  wire  was  firmly  pressed   by  the 

cork  against  the  inside  of  the  neck.    The  hitter 

was  then  completely  filled  up  with  melted  gutta- 
percha,  and  the  extremity  of  the  short  uncovered 

wire  was  bent  back  over  its  side,  so  as  to  bo 

in  close  contact  with  the  metal  surface.    In  this 

mminer  the  enclosed  fuze  was  brought  into  good 

metallic  connection  with  the  wet  earth  or  water 

by  which  the  canister  would  be  surrounded.    See 

Fig.  1207. 

The  insulated  wire  projecting  from  the  mouth 

of  the  canister  was  connected  with  one  of  the 

branch  wires  in  the  manner  already  described . 

but,  in  order  thoroughly  to  protect  the  connection 

from  the  water  in  which  it  would  become  im- 
mersed, a  piece  of  vulcanized  india-rubber  tubing 

of  suitable  length,  and  a  tin  tube  rather  longer 

find  wider  than  the  latter,  were  slipped  on  to 

the  branch  wire,   before  it   was  joined  to  the 

fuze-wire  ;    and   when   the    junction  had    been 

etl'ented,  the  india-rubber  tube  was  pulled  over 

it.  and  tied  very  firml}  at  both  ends  on  to  the 

gutta-percha  covering  of  the  wires.      See  Fig. 

A  small  quantity  of  cement,  consisting  of  beeswax  and  turpentine,  was  rM**b 
gutta-percha  and  the  ends  of  the  india-rubber  tube,  so  as  thorough!  j  ri 
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water;  and  finally  the  tin  tube  was  pulled  over  the  joint,  and  fixed  by  compressing  the  ends,  for 
the  purpose  of  imparting  rigidity  to  the  junction,  and  thus  protecting  it  from  injury  by  a  sudden 
twist  or  strain.  By  these  arrangements  the  perfect  exclusion  of  water  from  the  charge,  and  from 
its  (Mtiiicction  with  the  branch  wire,  was  effected.  In  an  equipment  prepared  for  effecting  sub- 
marine explosions,  by  means  of  an  electric  current  established  by  a  permanent  magnet,  in  China, 
stout  bags  of  vulcanized  india-rubber  were  provided  for  the  reception  of  the  charges.  These  bags 
were  fitted  with  sockets  and  screw-plugs  of  gun  metal.  The  fuzes  furnished  for  use  with  theso 
bags  were  attached  to  two  pieces  of  covered  wire,  about  18  in.  long,  which  were  enclosed  side  by 
side  in.  a  cylindrical  plug  of  gutta-percha,  Fig.  1209,  about  4  in.  long,  and  carefullv  made  to  form 


one  mass  with  the  coating  of  the  enclosed  wires.  This  plug  was  made  to  fit  pretty  tigntly  into 
a  thick  washer  of  india-rubber  contained  in  the  socket  of  the  bag.  An  inner  screw-socket,  which 
was  brought  to  bear  with  great  force  upon  a  metal  ring  resting  on  this  washer,  when  the  plug 
had  been  inserted,  compressed  its  internal  surface  against  the  latter  in  such  a  way  as  to  ensure  a 
perfectly  water-tight  joint. 

The'first  trials  of  these  charges  were  made  in  a  shallow  canal  with  a  mud  bottom,  and  from 
which  at  the  time  of  experiment  the  water  was  receding  so  rapidly,  that  before  the  whole  of  the 
charges  had  been  immersed  several  of  them  were  left  half-imbedded  in  the  mud.  Twenty-five 
charges  were  arranged,  of  which  thirteen  were  exploded,  though  less  rapidly  than  in  the  experi- 
ments on  land.  On  the  next  occasion,  when  twenty-five  charges  were  regularly  surrounded  by 
water,  simply  resting'  upon  the  firm  bed  of  a  pond  of  some  depth,  only  four  of  the  charges  were 
exploded.  Several  other  attempts  were  made  to  fire  a  small  number  of  (ten  and  five)  charges 
similarly  immersed,  but  in  every  instance  only  four  were  ignited.  A  careful  examination  into  the 
cause  of  the  invariable  explosion  of  so  comparatively  limited  a  number  of  charges  under  water  led 
to  the  following  explanation. 

It  will  be  remembered  that  the  explosion  of  numerous  charges  in  a  divided  circuit  by  the 
magneto-electric  apparatus  with  revolving  armatures  is  effected  by  the  action  of  an  exceedingly 
rapid  succession  of  currents.  The  rapidity  with  which  they  follow  each  other,  however  great, 
cannot  equal  that  with  which  the  terminals  of  a  fuze  (that  explode  a  small  charge  under  water) 
come  into  contact  with  the  latter  after  the  explosion.  The  instant  this  occurs  a  complete  circuit 
is  established  through  the  water,  and  any  further  action  of  the  currents  is  at  once  arrested. 

By  the  time,  therefore,  that  four  charges  had  been  ignited  in  extremely  rapid  succession,  so  as 
to  be  apparently  exploded  at  once,  a  sufficient  interval  of  time  had  in  reality  elapsed  to  allow  the 
water  to  re-occupy  the  space  filled  for  a  brief  period  by  the  gaseous  products  of  the  first  explosion, 
and  thus  to  rush  in  upon  and  complete  the  circuit  with  the  terminals  of  the  fuze.  The  piece 
of  soft  iron  K,  when  attracted  by  the  temporary  magnet  21,  shown  in  Fig.  1193,  is  termed  an 
armature. 

It  is  believed  that  charges  are  generally  so  arranged  for  submarine  operations  as  to  be  partially 
or  completely  surrounded  by  the  objects  upon  which  the  force  of  the  exploding  charge  is  to  be 
exerted,  and  that  they  are  even  at  times  firmly  fixed  in  their  position  by  being  partly  or  wholly 
imbedded  in  sand,  mud,  or  some  similar  material.  In  suck  cases  the  resistance  to  be  overcome 
by  the  explosion  is  greater  than  if,  under  conditions  otherwise  similar,  the  charges  were  simply  in 
direct  contact  with  the  water,  and  hence  the  interval  is  increased  which  must  elapse  before  the 
water  can  complete  the  circuit  of  electricity. 

The  results  of  some  experiments  made  at  Chatham  appear  to  show  that,  under  such  circum- 
stances, the  number  of  charges  ignited  at  one  time  by  the  magneto-electric  apparatus  must  be 
greater  than  if  they  were  simply  immsrsed  in  water.  One  experiment  has  already  been  mentioned, 
in  which  thirteen  charges  out  of  twenty-five  were  exploded  at  one  time,  most  of  them  being 
imbedded  in  mud. 

On  another  occasion  the  charges  were  placed  in  small  pits  filled  with  water,  the  canisters  being 
covered  in  with  mud  beneath  the  latter.  Nine  of  the  charges  were  fired ;  the  branch  wire  of  the 
tenth  was  accidentally  severed  at  the  moment  of  the  explosion,  from  its  lying  across  one  of  the 
pits. 

An  attempt  was  made  to  fire  simultaneously  fourteen  charges  similarly  arranged,  by  the  current 
obtained  from  a  large  leave-magnet,  but  only  seven  were  exploded ;  the  other  seven  were  fired 
on  a  second  trial.  It  should  be  mentioned  that  the  length  of  extended  wire  and  the  interval 
between  the  earth-connections  were  greater  in  these  experiments  than  in  those  made  at  Woolwich 
with  the  large  magnet,  in  which  twenty-five  charges  were  fired  with  perfect  certainty  by  the  single 
current  obtained  from  it.  Possibly  the  very  great  difference  in  the  results  obtained  might  have 
been  partly  due  to  some  minute  defects  in  the  insulation  of  the  branch  wires  employed  at  Chatham, 
which  escaped  notice  on  the  inspection  of  the  wires,  but  sufficed  to  diminish  the  intensity  of  the 
current  when  these  were  immersed  in  water. 

It  is  most  difficult,  even  in  a  long-continued  series  of  carefully-observed  experiments,  to  separate 
the  pure  results  furnished  by  the  application  of  a  system,  from  results  which  are  brought  about, 
or  at  any  rate  greatly  modified,  by  accidental  circumstances.  It  appears,  however,  apart  from  the 
latter,  that  in  the  application  of  electricity  (whether  frictional  or  magnetic)  to  the  explosion  of 
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very  much  less  when  the  insulated  wire  is  extended' 

The  retardation  in  the  explosion  of  several  charges  in  divided  circuit  by  a  nmid 
currents,  and  the  diminution  in  the  number  of  charg  •  a-   '  ' 
of  which  results  were  repeatedly  noticed  in  the  cours 
y,  and  with  the  permanent  magnet,  could  only 


trie  current  of  sufficient  force  was  established  in  a  circuit  (X  Y  Z  A 
Fig.  FQ3)  of  copper  wire  by  either  a  permanent  magnet,  or  galvanic 
battery,  that  a  short  piece  of  iron  wire  (Q,  Fig.  1193),  much  thinner 
than  the  copper  wire,  making  part  of  the  circuit  (PR  23  Fie 
1193),  was  burnt,  and  exploded  gunpowder  and  other  explosive 
substances  through  which  the  iron  wire  was  made  to  pass.  Hare's 
discovery  may  be  practically  applied  by  the  following  simple  pro- 
cess:—Two  copper  wires,  A  B,  CD,  Fig.  1210,  being  procured, 
about  -jJg  in.  in  diameter  and  10  ft.  in  length,  well  covered  with 
silk  or  cotton  tarred,  so  that  their  insulation  may  be  good.  These 
wires  are  twisted  together  for  a  length  a  6  of  6  in.,  care  being  taken 
to  leave  their  lower  extremities,  at  B  and  D,  free,  for  a  length  of 
about  }  an  in.  (separating  them  about  £  an  in.);  from  the  extremities 
B,  D,  the  insulating  envelope  must  be  removed ;  and  a  fine  iron  wire 
is  stretched  between  B  and  D.  Metallic  contact  must  be  established 
between  the  iron  and  the  copper.  The  upper  extremities  A,  C,  of 
the  two  copper  wires  are  connected  with  a  circuit.  For  example,  if 
A,  Fig.  1210,  be  connected  with  P,  Fig.  1193,  and  C  with  R,  the 
iron  wire  B  D  will  be  consumed  as  soon  as  a  galvanic  or  electric 
current,  sufficiently  powerful,  is  established  by  inserting  the  contact- 
peg,  M,  Fig.  1193. 

Explosive  Compounds  Employed  in  Blast  infj. — Nitro-GIycerine  ia  a 
most  powerful  explosive  agent,  and  although  not  extensively 
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in  England,  it  has  been  most  successfully  employed  on  the  Continent  and  in  America.  It  WM  die 
covered  by  Ascagne  Sobero,  an  Italian,  in  1847,  but  its  practical  application  to  mining  purpnwi 
is  principally  due  to  the  researches  of  Alfred  Nobel,  a  Swedish  mining  engineer. 

Nitro-glycerine  is  made  in  the  following  manner: — Fuming  uitric  acid  (sp.  gr. about  1'32)  u 
mixed  with  twice  its  weight  of  the  strongest  sulphuric  acid,  in  a  vessel  kept  cool  by  bring  «ur- 
rounded  with  cold  water.    When  this  acid  mixture  is  properly  cooled,  there  ia  slowly  jwun  .i 
rather  more  than  one-sixth  of  its  weight  of  syrupy  glycerine;  constant  stirring  is  kept  up  during  I  be 
addition  of  the  glycerine,  and  the  vessel  containing  the  mixture  is  maintained  «t  »»  low  •  tcnpr» 
rature  as  possible  by  means  of  a  surrounding  of  cold  water,  ice,  or  some  freezing  mixture.    It  u 
necessary  to  avoid  any  sensible  heating  of  the  mixture,  otherwise  the  glvci-rino,  which  u  tbeiwni 
principle  of  oil,  would  be,  to  a  considerable  extent,  transformed  into  oxalic  acid.    Wuro  tb<«  nclioo 
ceases,  nitro-glycerine  is  produced.    It  forms  on  the  surface  as  an  oily-looking  fluid,  the  undream- 
posed  sulphuric  acid  forming  the  subjacent  layer,  owing  to  its  greater  specific  gravity.    The  vbola 
mixture  is  then  poured,  with  constant  stirring,  into  a  large  quantity  of  cold  w«t»-r.  when  th«-  r 
specific  gravities  become  so  altered  that  the  nitro-glyceriuo  subsides  and  th<-  diluUJ  vid  ri«r«  ia 
the  surface.    After  the  separation  in  this  manner  into  two  layers  is  enVoU-d,  the  upper bjVIHf 
be  removed  by  the  process  of  decantation  or  by  neans  of  a  siphon,  and  tb«  remaining  ata 
glycerine  is  washed  and  re-washed  with  fresh  water  till  not  a  trace  of  acid  reaction  if  iadi<»t»d  by 
blue  litmus  paper.     The  final  purifying  process,  pursued  by  Nobel,  it  to  crynUlIin-  I 
glycerine  from  its  solution  in  wood  naphtha.    This  final  process  is  not  ncooMtrjr  whrn  the  on»»- 
pound  is  to  be  used  at  once. 

As  prepared  in  this  manner,  nitro-glycerine  ia  an  oily-looking  liquid,  of  a  fi 
perfectly  inodorous,  and  possessed  of  a  sweet,  aromatic,  and  somewhat  piquant  *••** 
ous,  small  doses  of  it  producing  headache,  which  may  also  l*>  produced  if  the  •ubttHMMMM 
into  the  blood  through  the  skin,  and  hence  it  is  not  desirable  to  allow  it  to  remain  k>i 
with  the  skin,  but  rather  to  wash  it  off  as  soon  as  possible  with  snap  and  water. 
specific  gravity  of  1'25-1'26,  but  the  nitro-glycerine  hns  a  s|K-oHlo  gnmty  <•: 
it  is  a  heavy  liquid.     It  is  practically  insoluble  in  water,  but  it  niulily  diwolv.-.  i 
nary  vinic  alcohol,  and  in  methylic  alcohol  or  wood  spirit.    If  it  be  simply  expo*- 
fire  it  does  not  explode,  although  it  is  so  powerful  as  an  explosive.    A  burnn 
introduced  into  it  without  producing  any  explosion .  the  match  may  U-  n.r..l 
but  combustion  will  cease  as  soon  as  the  match  ceases  to  burn.    Nitro-glycrrine  n»> 
by  means  of  a  cotton  wick  or  a  strip  of  bibulous  paper,  as  oil  fmm  B  lump,  n 
remains  fixed  and  perfectly  unchanged  at  212°  Fahr. ;  if  h«*trd  to  about  :• 
It  detonates  when  struck  by  tho  blow  of  a  hammer,  but  only  the  part  struck  h; 
plodes ;  the  surrounding  liquid  remains  unchanged. 

As  the  carriage  of  nitro-glycerine  is  dangerous,  many  trials  MM 
inexplosive,  and  to  restore  its  explosiveness  with  equal  n-adinww.    Nobol  • 
inexplosive  is  at  once  simple  and  effective.     It  is  to  mix  with  it  fmm  A 
spirit,  when  all  attempts  at  exploding  it  are  randend  utt.Tly  fntil.-. 
alcohol  is  said  to  be  amply  sufficient  to  transform  the  nitro-glyoeniH-  into 
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tected  state,  but  Nobel  now  always  adds  10  per  cent,  before  sending  any  of  his  blasting  liquid  into 
the  market. 

The  transformation  of  protected  into  ordinary  nitro-glycerine  is  effected  by  thoroughly  agitating 
it  with  water,  and  allowing  the  mixture  to  settle  for  a  short  while.  By  this  means  the  water  dis- 
solves out  the  methyl-alcohol,  and  the  mixture  of  spirit  and  water  readily  rises  to  tho  surface,  in 
virtue  of  its  low  specific  gravity,  and  can  be  removed  by  means  of  a  siphon,  or  by  simply  pouring  it 
off.  The  blasting  liquid  is  now  ready  for  use.  It  would  seem  that  the  methyl-alcohol  is  by  this 
means  separated  very  readily  from  the  nitro-glycerine  held  in  solution  by  it.  If  protected  blasting 
liquid  be  kept  in  a  closed  vessel,  it  will  remain  in  that  state  for  an  indefinite  period  of  time,  UM 
ready  at  any  moment  to  be  reduced  or  rendered  fit  for  action ;  if,  however,  it  be  exposed  in  an  open 
vessel,  it  will  regain  its  explosiveness,  in  periods  of  time  proportionate  to  the  amount  or  degree  of 
exposure. 

The  chief  advantage  which  nitro-glycerine  possesses  is  that  it  requires  a  much  smaller  hole  or 
chamber  than  gunpowder  does,  the  strength  of  the  latter  being  scarcely  one-tenth  that  of  the  former. 
Hence  the  miner's  work,  which,  according  to  the  hardness  of  the  rock,  represents  from  five  to  twenty 
times  the  price  of  gunpowder  used,  is  so  short,  that  the  cost  of  blasting  is  often  reduced  50  per 
cent.  The  process  is  very  easy.  If  the  chamber  of  the  mine  present  fissures,  it  must  first  be  lined 
with  clay  to  make  it  water-tight.  This  done,  the  nitro-glycerine  is  poured  in  and  water  after  it, 
which,  being  the  lighter  liquid,  remains  at  the  top.  A  slow  match,  with  a  well-charged  percussion 
cap  at  the  end,  is  then  introduced  into  the  nitro-glycerine,  or  a  fuze,  to  tho  extremity  of  which  i.s 
attached  a  small  quantity  of  gunpowder,  fixed  immediately  over  the  liquid.  The  mine  may  then 
be  sprung  by  lighting  the  match,  there  being  no  need  of  tamping.  Experiments  were  made  with 
this  new  compound  in  the  open  part  of  the  tin  mines  of  Altenburg,  in  Saxony.  In  one  of  these,  a 
chamber,  34  millimetres  in  diameter,  was  made  perpendicularly  in  a  doloinitic  rock,  60  ft.  in 
length,  and  at  a  distance  of  14  ft.  from  its  extremity,  which  was  nearly  vertical.  At  a  depth  of 
8  ft.,  a  vault  filled  with  clay  was  found,  in  consequence  of  which  the  bottom  of  the  hole  was  tamped, 
leaving  a  depth  of  7  ft.  One  litre  and  a  half  of  nitro-glycerine  was  then  poured  in ;  it  occupied  5  ft. 
A  match  and  stopper  were  then  applied  as  stated,  and  the  mine  sprung.  The  effect  was  so  enor- 
mous as  to  produce  a  fissure  50  ft.  in  length,  and  another  of  20  ft.  The  total  effect  has  not  yet 
been  ascertained,  because  it  will  require  several  small  blasts  to  break  the  blocks  that  have  been 
partially  detached  by  this. 

Nitro-glycerine  has,  however,  one  disadvantage.  It  freezes  at  a  temperature  very  probably 
above  92°  Fahr.,  and  it  is  said  that  even  at  a  temperature  of  43°  to  46°  Fahr.  the  oil  solidifies  to 
an  icy  mass,  which  mere  friction  will  cause  to  explode.  It  is  probable,  however,  that  the  freezing- 
point  of  the  oil  lies  somewhat  lower  than  is  here  stated,  though  as  yet  no  exact  determination  of 
the  freezing-point  of  the  oil  has  been  made.  A  newspaper  from  Hirschberg,  in  Silesia,  gives  a  sad 
account  of  an  accident,  caused  by  the  frozen  oil  exploding  by  friction.  Nitro-glycerine  was  there 
being  used  in  making  a  tunnel.  It  was  kept  in  glass  vessels,  packed  in  straw,  and  placed  in 
baskets,  each  vessel  containing  one-fourth  to  one-eighth  of  a  hundredweight  of  the  oil.  For 
several  days  the  oil  had  been  frozen.  It  was  carefully  handled,  and  pieces  were  separated  by 
means  of  a  piece  of  wood,  and  put  into  the  bore-holes,  and  it  was  found  that  the  frozen  nitro- 
glycerine exploded  quite  as  well  as  the  fluid.  One  day  an  overseer  at  the  shaft  hit  upon  the 
unlucky  idea  of  breaking  into  pieces  with  a  pick  a  700  or  800  Ib.  lump  of  the  frozen  glycerine. 
The  blow  caused  the  mass  to  explode,  and  the  unfortunate  man  was  blown  up  into  the  air,  and 
fell  back  into  the  shaft,  some  40  or  50  ft.  deep,  whilst  two  workmen,  who  were  making  cartridges 
a  short  distance  from  him,  luckily  escaped  with  slight  injuries. 

Dynamite  is  made  by  mixing  75  per  cent,  of  nitro-glycerine  with  25  per  cent,  of  powdered  sand 
(silica).  It  has  been  introduced  by  A.  Nobel,  whose  researches  on  nitro-glycerine  are  so  well 
known.  Dynamite  retains  all  the  properties  of  nitro-glycerine  for  blasting,  but  is  not  dangerous, 
as  it  may  be  handled  freely,  and  does  not  explode  by  fire  alone  or  when  accidentally  subjected  to 
percussion.  In  some  experiments  made  by  the  inventor,  a  box  containing  about  8  Ibs.  of  dynamite 
(equal  in  power  to  80  Ibs.  of  powder)  was  placed  over  a  fire,  where  it  slowly  burned  away. 
Another  box  containing  the  same  quantity  was  hurled  from  a  height  of  more  than  60  ft.  on  to  a 
rock  below,  no  explosion  ensuing  from  the  concussion  sustained.  Explosion  is  produced  by  means 
of  a  percussion  cap  in  the  same  manner  as  with  nitro-glycerine. 

Schwartz's  Existing  Gunpowder. — This  powder  is  now  much  employed  in  mining.  Its  combustion 
is  slow  but  complete.  The  following  analyses  show  why  it  is  cheaper  than  ordinary  powder : — 

I.  II. 

Soluble  salts 74'55  74-32 

Nitrate  of  potash     •     ..      ..     56-22  56'23 

Nitrate  of  soda         18'30  18'09 

The  treatment  by  sulphide  of  carbon  produced  : — 

Dissolved  sulphur 9'68  7'61 

Carbon  remaining 14 '14  15-01 

Moisture   .. 1'78  11 

It  is  a  coarse-grained  powder,  in  which  one  part  of  potash  nitre  is  replaced  by  nitrate  of  soda. 

In  the  first  instance,  one  part  of  nitrate  of  soda  for  one  part  of  nitrate  of  potash  was  used,  but 
it  was  afterwards  found  best  to  employ  a  third  of  nitrate  of  soda.  See  ARTESIAN  WELLS.  BATTEUY. 
GUNPOWDER.  GUN-COTTON.  ORDNANCE.  QUARRYING.  TELEGRAPHY.  TUNNELLING. 

BOTTLING  MACHINE.  FR.,  Machine  a  mettre  en  bouteilles ;  GEB.,  Pfropfmasckine ;  ITAL., 
Macchint  da  toppar  bottiglie. 

The  bottling  machine,  shown  in  Figs.  1211,  1212,  is  chiefly  used  for  soda  and  other  aerated 
waters.  It  was  invented  by  the  late  Hayward  Tyler,  and  it  is  on  the  continuous  principle.  The 
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condenser  and  bottling-piece  are  shown  in  section  Fig.  1211,  to  Hluutmtc  the  iaUrnal 

The  same  letters  of  reference  refer  to  the  same  parts  in  Fi«a 

elevation,  Fig.  1212  end  elevation;  one-half  of  the  iron  frame  L 'taken'  away  in  Fig  1  "11 


in 


1211. 


nix 


more  clearly  the  working  parts, 
is  removed  for  the  same  reason, 
rf,  wrought-iron  beam,  with  con- 
necting-rod to  crank  at  one  end, 
and  side  rods  to  the  pump-pis- 
ton frame  at  the  other  end;  e, 
•wrought-iron  crank-shaft,  with 
fly-wheel  and  two  handles,  s,  s, 
which  are  used  when  hand-power 
is  applied ;  f,  brass  wheel  to  work 
the  agitator ;  g,  copper  solution 
pan;  A,  regulating  cocks  for  gas 
and  water,  one  only  of  which  is 
shown ;  *',  gun-metal  pump,  with 
separate  valves  for  gas  and  water 
in  the  valve-pieces,  which  are 
marked  k  k.  The  delivery-valve 
is  on  the  top  of  the  pump;  /, 
solid  gun-metal  piston  working 
underneath  the  pump ;  m,  agita- 
tor working  inside  the  condenser 
to  more  intimately  mix  the  gas 
and  water  together ;  n,  bottling- 
piece  fitted  with  a  screw-valve 
and  lever-handle ;  o,  bottling 
nipple ;  p  p,  copper  pipes,  tinned 
inside,  one  to  take  the  gas  and 
water  from  the  pump  to  the  con- 
denser, the  other  to  convey  them 
from  the  condenser  to  the  bot- 
tling-piece; 7,  safety-valve  to 
relieve  the  pressure  in  the  con- 


The  iron  frame  on  which  the  whole  of  the  working  p*rt»  are  iud 

References : — 6,  cast-iron  stool  for  pump ;  c,  carriage  for  i 
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ituievu  uiu  pressure  m  me  vuu-  t    l    \"     t    iKn 

denser,  in  which  there  is  also  a  pressure-gaugfi,  not  shown  in  tho  fl 
suited  to  the  different  aerated  waters.     8,8,  arc  lmn.ll.-»  f<«r  nrtimtin:.'  I 
by  hand.     The  gas  generator  and  gasometer,  although  not  shown  in  * 
same  in  all  the  machines  employed  for  a  similar  purj^w. 

W.  F.  Davidson's  bottling  machine,  Fig.  1213,  is  arranged  to  that  tb«  bqutt 
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drawn  from  the  barrel  M  through  a  suction-pipe  K  by  a  piston,  a  valve  L  being  arranged  so 
aa  to  prevent  the  return  of  the  liquid.  The  liquid  ia  let  iuto  the  bottle  e  from  the  pump- 
cylinder  A  through  the  valve  C,  which  is  operated  by  means  of  levers  and  rods.  This  valve 
is  closed  by  means  of  a  spring  bar  acting  automatically  The  plunger  D  is  raised  as  soon 
as  pressure  is  removed  from  the  treadle  /;  thus  giving  an  intermittent  motion  the  work  ia 
continued. 

BOTTOMING,  OB  BALLASTING.  FB.,  Empierrement ;  GEB.,  JBesteinung,  tieschotterung ; 
ITAL.,  Imbreuiare  /nji/iiatare. 

See  PKKMAXKXT  WAY. 

BOULDER-PAVING.     FB.,  Pave" en  galet ;  GEB.,  Rollsteinpflaster ;  ITAL.,  Ciottolato. 

See  COXSTBCCTION. 

BOULDER  -  WALLS.  FB.,  Mur  en  galet;  GEB.,  Rollstcin  Mauerwerk;  ITAL.,  Muratura  di 
eiottuli. 

See  CONSTBUCTION. 

BOUNDARIES.    FB.,  Limite ,  GEK.,  Qrenzc ;  ITAL.,  Confine. 

In  making  a  survey,  the  boundaries  of  the  counties,  parishes,  and  the  several  estates,  are 
required  to  be  marked  correctly  thereon ;  in  ascertaining  which,  it  is  generally  found  necessary 
to  procure  the  services  of  parties  locally  acquainted  with  the  ground  to  be  surveyed. 

In  the  case  of  property  divided  by  hedge  and  ditch,  the  brow  of  the  ditch  is  generally  the 
boundary ;  which,  of  course,  forms  the  line  to  be  measured.  In  some  districts  the  roots  of  tlio 

2uicks,  or  the  foot  of  the  bank,  forms  it :  a  width  of  15  links  is  usually  allowed  for  a  hedge  and 
itch,  6  links  for  ditches  between  neighbouring  estates,  and  7  for  those  nearest  roads,  that  is,  from 
the  roots  of  the  quicks.    See  GEODESY.     SUBVEYING. 

BOW-COMPASS.     FB.,  Campns  a  pompe ;  GEB.,  Federzirkcl ;  ITAL..  Compassino  da  circoli. 

A  pair  of  compasses  for  describing  small  circles  with  ink,  is  sometimes  called  a  bow-compass. 
See  COMPASSES. 

BOW-PEN.     FB.,  Tire-liqne ;  GEB.,  Reissfeder ;  ITAL.,  Pcnna  a  serbatoio. 

This  pen  is  often  termed  a  drawing  pen:  the  part  of  it  which  holds  the  ink  is  formed  of  two 
cheeks  which  are  bowed  out  towards  the  middle,  and  regulated  by  a  screw.  See  COMPASSES. 

BOW-DRILL.     FB.,  Archelct ;  GEB.,  Drtilbvjen,  Fidelbogen ;  ITAL.,  Trapano  ad  archetto. 

See  HAND-TOOLS. 

BOW-SAW.     FB.,  Scie  a  chantourner,  scie  en  archet ;  GEB.,  Schweifsage ;  ITAL.,  Seghetto. 

See  HAND-TOOLS. 

BOX. 

A  cylindrical,  hollow  iron,  used  in  wheels,  in  which  the  axle  revolves,  is  called  an  axle- 
box. 

A  box -drain  ia  a  term  generally  applied  to  a  email  drain  with  vertical  sides.  See 
DBAINAGE. 

BOXING  OF  A  SHUTTER. 

The  part  into  which  a  shutter  is  folded  when  not  required  for  use.  It  is  formed  by  the 
inside  lining  of  the  sash-frame,  the  grounds  of  the  architrave,  and  the  back  lining.  See  SASH- 
FBAME. 

BOYAU.     FB.,  Boyau;  GEB.,  Gang  des  Laufgraben;  ITAL.,  Ramo  di  trinciera;  SPAN.,  Ramal. 

Boyaux,  or  boyaus,  are  small  trenches,  or  branches  of  a  trench,  leading  to  a  magazine,  or  to 
any  particular  point.  See  FOBTIFICATION. 

BRACE. 

A  brace  is  that  part  of  a  piece  of  framing  which  is  subject  to  tension  or  compression,  such  as 
the  diagonal  bars  of  a  Warren  girder.  It  differs  from  a  strut,  which  is  subject  to  compression ;  or 
from  a  tie,  which  is  subject  to  tension  only.  See  BRIDGES. 

BRACKET.  FB.,  Palier,  console,  tasseau;  GEB.,  Unterlage,  Lager,  Consol;  ITAL.,  Mensola, 
Beccatcllo. 

A  bracket  is  an  arm  which  projects  from  the  face  of  a  wall  or  post,  chiefly  used  to  sustain  a 
shelf,  roof,  cornice,  or  other  overhanging  structure.  It  is  usually  supported  at  the  outer  end  by 
a  strut,  as  A  C,  Fig.  1214.  m4  1215> 

The  strain  tending  to  pull  the 
bearer  A  B  out  of  its  socket  at 
B  is  represented  by  W  tan  a ; 
and  that  portion  of  the  load 
which  is  transmitted  to  the  wall 
along  the  strut  A  C  is  repre- 

W 

sented  by  ;  \V  being  the 

cos.  a 

weight  assumed  to  be  concen 
trated  at  the  point  A,  and  a  the 
angle  which  the  strut  makes 
with  the  wall.  When  the  load 
is  distributed  over  the  bearer 
AB,  the  strains  on  it  and  on 
the  strut  A  C  will  be  reduced 
to  one-half.  The  vertical  strain 
or  pressure  on  the  wall  or  up- 
rigJit  of  the  bracket  will  be  equal  to  the  load.  A  distributed  load  will  cause  a  transverse  strain 
on  the  bearer  itsplf,  in-  the  tame  manner  as  a  beam  supported  at  both  ends,  or  supported  at  one 
end  and  fixed  at  the  other,  as  the  case  may  be.  In  a  solid  bracket,  or  one  of  ornamental  shape, 
as  Fig.  1215,  the  strain  at  B  is  all  that  is  usually  required,  and  may  be  ascertained  on  the  prin- 
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T.      .„  ,  W  x  A  B 

e^1  — S7T—  tot  a  load  concentrated  at  A,  and 


ciple  of  the  lever. 

quantity  when  the  load  is  distributed.    See  STRENGTH  or  MATERIAL*. 


tUi 


In  large  cornices,  to  save  plaster  it  is  usual  to  fix  to  the  wall  and  ceiling  >t  in 
14  in.,  brackets  cut  roughly  to  the  outline  of  the  intended  comic*  •  to  the.  *  ** 

take  the  plaster  of  the  cornice.    The  brackets  in  the  angles  are  HfrHI  miiffclriiuU 

The  term  bracket  is  also  applied  to  a  projecting  arm  which  carries  on  iU  « 
Pieces  of  wood  fixed  on  the  end  of  the  tread  of  stairs  over  the  outer  string-buanl  a 
brackets;  they  are  sometimes  made  ornamental,  in  which  case  they  are  called 
brackets ;  in  other  cases  they  are  known  as  cut  bracxett.     Brackets  in  stuoe  are  1 
corbels. 

BRAKE,  OR  BREAK.     FR.,  Frein ;  GER.,  Brtmse  •  ITAL.,  Frno. 

A  piece  of  mechanism  for  retarding  or  stopping  motion  by  friction,  as  of  a  earriace  or  raiUav 
train,  by  the  pressure  of  rubbers  against  the  wheels.    In  Fig. 
1216  the  hand-wheel  on  the  spindle  A,  which  is  fastened 
to  the  platform  R  of  the  car,  winds  up  the  chain  F,  and  ' 
pulls  the  lever  B,  which  presses  the  brake-block  H  upon  the  ~" 
wheel  G,  and  pulls  the  rod  S,  which  presses  the  brake-block 
upon  the  wheel  D,  and  pulls  the  rod  E,  which  runs  to  the 
next  truck,  where  there  is  a  duplicate  of  the  arrangement, 
shown  in  Fig.  1216.     Thus,  turning  the   brake-wheel  at 


either  end  of  the  car  brings  an  equal  pressure  upon  all  the  wheels. 

Fig.  1217  shows  a  railroad  car  brake,  invented  by  A.  J.  Ambler;  it  belongs  to  that  clas»«f 
railroad  brakes  in  which  a  tensional  chain,  or  rods  and  chains,  are  used  for  operating  or  applriac 
power  from  the  locomotive  to  the  brakes  of  a  train  of  cars. 


This  arrangement  of  Ambler  consists  of  fixed  and  sliding  sheaves  E.  E,  in  connection  with  a 
tensional  chain  F,  and  brake-chain  G  so  that  by  operating  the  tenaional  chain  P  a  momswsit 
will  be  imparted  to  the  brake-chain  G,  to  set  or  apply  the  brakes  D.  D.  The  alack  of  the  bosfaejal 
chain  F  will  be  taken  up  by  the  falling  of  the  sliding  sheaves  E,  E,  when  the  power  to  NMMSjfl 
from  the  chain  F.  The  power  of  the  brakes  is  limited  and  controlled  by  limiting  the  rtotaff  aa4 
falling  movement  of  the  sheaves  E,  E,  by  having  tho  axles  b  of  the  sheaves  fitted  into  alots  «  la  the 
bars  D"  D".  The  sheaves  C',  C',  are  stationary. 

The  number  of  brake  carriages  or  vans  to  a  given  train  will  depend  on  the  iofihialfaos 
on  tho  line  and  the  speeds  employed:  with  passenger  trains  it  has  ueen  eOMMwi  that  «« 
an  average,  and  to  ensure  safety,  every  fifth  carriage  should  have  a  l>mkc .  the  eagia*  also  to 
generally  reversed  to  assist  the  brakes.  It  must  be  recollected,  however,  that  by  stoaptaw  a 
train  too  rapidly,  great  injury  resulte  both  to  tho  j>ernianent  way  and  the  rolling  stork.  Bat 
still  it  is  very  important  tliat  those  who  have  charge  of  a  train  should  be  able  to  slop 
a  very  short  distance,  when  there  is  risk  of  collision,  or  any  other  danger  u  appreMBtM 
the  greater  the  number  of  wheels  to  which  brakes  are  applied,  the  more  speedily  «lll  the 
"be  produced. 

The  following  considerations  appear  to  be  those  which  would  determine  the  amount  o 
power. 

The  forces  which  act  on  the  train  after  the  Hteam  has  been  nhut  off  are  the  aile 
rolling  friction  of  the  train,  and  the  pressure  of  the  wind :  the  fricti«.n  hMi  pr» 
the  train  to  rest,— the  pressure  of  the  wind  to  accelerate  or  retard  it,  as  the  case  may  h 
will  therefore  be  omitted  from  the  conclusions  to  be  drawn. 

To  stop  a  train  rapidly,  brakes  are  applied  to  Home  of  the  wheels.  «a1 
The  application  of  brakes  prevents  the  wheels  from  revolving,  and  intmd 
the  weights  on  the  wheels  to  which  the  brakes  am  applied.     The  act  of  rrt< 
not  immediately  stop  the  forward  motion  of  the  driving-wheel,  but  forces  it  to  : 
what  slower  rate  than  that  due  to  the  speed  of  the  train,  and  thus  causei 
take  place  between  the  wheel  and  rail.  ^rf...  ^  u*,  M-I 

The  axle  and  rolling  friction  of  tho  train  may  be  assumed  to  bi 
weight  of  the  train;  the  friction  of  the  wheels  to  which  brakes  are  aMJM  i 
proportion  of  the  insistent  weights;  from  experiment*.,  it  appears  that  ti 
may  be  taken  at  ^  part  of  the  weight  of  the  train,  and  the  friction  di 
|  of  the  weights  on  them. 
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Hence,  if  /  represent  the  gross  load  of  the  train, 

w       „         the  weights  on  the  wheels  to  which  brakes  are  applied, 
R      „         the  retardation  in  feet  per  second, 
g       „         the  force  of  gravity, 
and,  if  the  train  be  on  an  incline, 

-  represent  the  slope  of  such  incline, 


1218. 


334    '    8  -  p 

the  latter  term  being  used  with  the  negative  sign  when  the  train  is  descending,  and  the  positive 
sign  when  ascending,  the  gradient. 

If  S  =  space  traversed  by  train  in  coming  to  rest, 

v  =  velocity  in  feet  per  second  at  the  moment  the  steam  is  shut  off  and  the  brakes  applied 

Q    _ 

It  should  be  observed  that  these  estimates  and  formulas,  although  empirical,  may  be  found 
useful  in  forming  rough  estimates;  and  that,  in  estimating  practically  the  space  of  time  which 
should  be  required  for  a  train  to  stop  in,  one  or  two  seconds  should  be  allowed  for  time  lost  in 
applying  the  brakes.  These  combinations  will  be  referred  to  presently. 

Speaking  in  general  terms,  a  brake  consists  of  one  or  several  segments  of  wood  or  metal,  which 
can  be  pressed. upon  the  circumference  of  a  wheel,  so  as  to  produce  friction,  which,  acting  as  a 
resistance,  redStes  the  velocity  of  that  wheel.  Fig.  1218  represents  a  brake  so  constructed ;  the 
wooden  blUfes  a,  a,  a,  a,  are  connected  by  two  straps  of  iron, 
movable  round  a  fixed  point  O ;  the  ends  A  and  B  of  these  two 
straps  are  fastened  to  the  bell-crank  A  C  B.  As  none  of  the 
centres  of  motion,  A,  B,  C,  are  fixed,  the  arms  A  C,  C  B,  have 
the  power  of  a  toggle-joint.  If  the  handle  M  of  the  bell-crank 
is  moved  in  the  direction  indicated  by  the  arrow,  the  blocks  are 
forced  to  press  upon  the  rim  of  the  wheel,  and  friction  is  thus 
produced,  which  diminishes  the  velocity  of  the  wheel  which  is 
supposed  to  be  in  motion.  In  order  to  distribute  the  pressure 
over  a  large  surface,  so  that  the  materials  in  contact  be  not 
altered,  the  brake  should  necessarily  embrace  a  sufficient  part  of 
the  circle.  Cranes,  and  generally  all  machines  for  lifting  and  lowering  weights  by  means  of 
handles,  are  provided  with  a  brake  acting  upon  a  special  wheel  which  influences  the  movement 
of  the  chain  barrel. 

Also  trains  of  great  velocity  are  either  stopped  on  inclines  or  their  motion  is  retarded  on  rail- 
roads, as  is  well  known,  by  applying  a  brake  to  the  carriages.  The  brakes  of  common  carriages 
are  wooden  blocks  placed  near  the  back  wheels ;  by  means  of  a  handle  and  a  screw,  acting  upon 
system  of  levers,  the  blocks  are  pressed  upon  the  rims  of  these  wheels.  These  brakes  are 
substituted  with  advantage  for  the  ancient  wooden  shoe  or  sabot,  which  is  still  used  by  carters  or 
wagoners ;  the  use  of  that  shoe  is  to  prevent  the  wheel  from  turning,  and  it  transforms  the  rolling 
friction  into  a  sliding  friction,  which  is  much  more  considerable ;  it  produces  thus  a  resistance 
which  tends  to  diminish  the  velocity  of  the  carriage  and  to  prevent  its  acceleration  in  descending 
inclines.  But  the  use  of  the  shoe  is  very  incommodious,  and  serious  accidents  may  happen  if  the 
chain,  which  holds  the  sabot  or  shoe,  breaks.  The  brake  acts  in  a  more  gradual  manner,  and  its 
use  is  handier  and  safer. 

In  railway  trains  the  brakes  act  simultaneously  upon  all  wheels  of  the  same  carriage.  Various 
constructions  have  been  adopted  for  that  purpose.  Fig.  1219  shows  one  of  the  earliest,  as  used 
on  the  Versailles  railway.  Tue  equal  segments  a  a1,  66',  cc',  dd',  are  placed  at  a  little  distance 
before  and  behind  each  wheel;  they  are  suspended  from  the  frame  of  the  carriage  by  rods  moving 
round  fixed  points.  The  levers  mp  and  np,  jointed  to  the  middle  of  the  arcs  66'  and  cc',  are 
connected  at  p  with  a  vertical  rod  p  q,  which  has  a  screw  at  its  end,  and  is  raised  or  lowered  by 
means  of  the  nut  e.  The  raising  of  the  point  p  brings  the  points  m  and  n  nearer  to  the  wheels, 
with  the  power  of  a  toggle-joint,  and  the  arcs  6  6'  and  c  c"  are  pressed  against  the  tires  with  great 
force;  the  same  takes  place  with  the  arcs  a  a'  and  dd',  which  are  connected  with  the  arcs  66'  and 
c  G'  by  means  of  the  coupling-rods  a  c  and  6'  d' ;  in  this  manner  four  arcs  or  blocks  press  upon 
the  wheels  at  the  same  time.  The  blocks  are  either  made  of  wood  and  hooped  with  iron,  or  they 


are  made  entirely  of  iron.    Fig.  1220  represents  a  brake  operated  by  compound  levers :  in  general, 
this  latter  principle  of  construction  is  adopted. 

The  two  brake-blocks  S  and  S',  Fig.  1220,  are  connected  with  two  equal  levers  A  B  and  A'  B, 
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which  are  again  fastened  to  a  third  lever  B'BC.  movable  round  a  shaft  O.  The  rod  C  D 
connects  the  end  C  of  the  lever  B'  B  C  with  the  nut  D D',  which  is  moved  backwards  and  forwards 
by  the  screw  V  .  this  screw,  which  can  only  move  round  its  axis,  but  not  in  a  longitudinal 
direction,  is  turned  by  wheel-gearing  from  the  box  of  the  guard  or  brakes-man.  Therefore,  by 
turning  the  brake-wheel  to  the  right,  the  nut  D  D'  advances  to  the  right  and  pulls  the  points 
C  and  B  into  the  same  direction,  whilst  the  point  B'  is  pushed  into  the  opposite  direction,  and  the 
brake-blocks  are  consequently  pressed  upon  the  tires  of  the  wheels.  The  coupling-rod  C'D', 
jointed  at  D',  produces  an  analogous  effect  upon  the  following  wheels.  The  reverse  takes  place 
if  the  brake-wheel  be  turned  in  the  opposite  direction ,  that  is,  the  blocks  S,  S',  are  then  removed 
from  the  wheels. 

In  order  to  bring  the  brake  into  full  action  a  certain  time  is  always  required,  and  numerous 
constructions  have  been  adopted  for  shortening  this  time  as  much  as  possible.  One  method  is 
that  of  employing  a  weight  of  an  oblong  form  with  a  rack  and  pinion  on  its  longest  vertical  side  : 
this  weight  moves  between  guides  in  a  vertical  direction,  and  is  kept  in  its  place  by  means  of  a 
click  or  spring.  As  soon  as  the  guard  removes  the  click  or  eases  the  spring,  the  weight  falls,  and 
turning  the  pinion  rapidly  round  its  horizontal  axis,  transfers  the  motion  to  the  brake-blocks, 
which  act  in  the  manner  previously  described.  By  means  of  a  handle  the  pinion  is  turned  in  the 
opposite  direction,  the  weight  is  raised,  and  again  fastened  in  its  former  position.  It  will  be  seen 
that  the  action  of  the  brake  under  these  circumstances  must  be  very  rapid,  and  a  train  can  be 
stopped  in  a  very  short  time. 

But  the  advantages  of  this  very  great  rapidity  should  not  be  exaggerated ;  a  train  should  not 
be  stopped  instantaneously.  To  stop  quickly  is  equal  to  a  sudden  shock  against  an  obstacle,  and 
might  produce  serious  accidents.  M.  Gentil,  mining  engineer,  has  compared  that  shock  with  the 
one  which  the  train  would  sustain  by  falling  vertically  from  a  certain  height :  the  following  Table 
gives  the  results  of  his  researches : — 


Trains. 

Speed 
an  hour, 
In  kilo- 

Speed 
a  second, 
in 

Height  of 
Fall,  in 

Comparison, 

Remarks. 

metres. 

metres. 

metres. 

kilos. 

m. 

m. 

Goods  train 

25 

6-94 

2-456 

Ground  floor 

The  consequences  of  the  shock  of  an 

Mixed 

30 

8-33 

3-533 

1st 

express  train  suddenly  stopped, 

Passenger 

40 

11-11 

6  293 

2nd 

would  be  the  same  as  if  that 

Mail  

50 

13-88 

9-825 

3rd 

train  had  fallen  from  a  fourth 

Express 

60 

16-66 

14  159 

4th 

floor,  or  from  a  height  of  46  ft. 

The  law  in  France  demands  one  brake-van  to  seven  carriages  or  less ;  two  brake-vans  if  the 
number  of  carriages  varies  between  seven  and  fifteen ;  three  brake-vans  for  a  train  of  more  than 
fifteen  carriages ;  the  tender-brakes  are  not  included  in  that  number. 

On  the  Turin-Genoa  railway  one  brake-van  to  two  carriages  of  a  passenger  train  is  allowed ; 
and  three  wagons  of  a  goods  train  to  a  brake-van. 

In  Prussia  i  of  the  total  number  of  wheels  of  a  passenger  train,  and  i  of  the  wheels  of  a 
goods  train,  have  to  be  provided  with  brakes,  if-  the  inclination  of  the  line  is  not  more  than 
Om<0033  the  metre.  For  an  inclination  between  Om-0033  and  0  -005,.  A  and  |  have  to  be  sub- 
stituted for  these  fractions,  and  i  and  £  for  an  inclination  between  0^-005  and  O^'OIO. 

Figs.  1221  to  1224  represent  the  arrangement  of  Stilmant's  brake. 

It  is  apparent  from  these  figures  that  the  horizontal  shaft  a,  supported  by  the  brackets  »'«',  is 
moved  by  means  of  a  long  lever  6,  which  is  connected  at  its  end,  by  the  two  rods  cc,  with  tlie 
nut  d  •  this  nut  being  raised  or  lowered  by  the  spindle  /?,  transfers  thus  its  motion,  not  only  to  the 
lever  6  and  the  shaft  «,  but  from  there  also  by  means  of  the  forked  levers  m,  m,  and  the  rods  n,  n, 
to  the  wedges  r  r.  These  wedges  are  made  of  cast  iron,  and  form  1225 

two  symmetrical  partsr  which  are  supported  by  means  of  a  joint  or  , 

hinge ;  four  sliding  parts  o,  o,  two  of  which  carry  directly  the  brake- 
blocks  p,  p,  whilst  the  two  others  are  kept  in  their  respective  positions 
by  means  of  the  pressure-rods  s,  s,  serving  as  guides  to  the  wedges. 

The  greatest  angle  formed  by  these  sliding  parts  and  the  wedges, 
during  the  inactivity  of  the  brake,  is  23  degrees ;  at  the  moment  of 
putting  the  brake  in  action,  this  angle  becomes  less,  since  the  sliding 
parts  are  pressed  more  towards  the  outside;  and  at  the  greatest 
pressure  of  the  wedges  against  the  sliding  parts  the  angle  is  about 
19  degrees. 

The  thread  of  the  brake-screw  g  ought  to  be  double,  so  that  the 
lever  6,  the  end  of  which  has  to  pass  through  a  very  considerable  arc, 
can  be  moved  as  quickly  as  possible.  The  brake-blocks  which  are 
not  directly  fastened  to  the  wedges  are  kept  in  their  respective  posi- 
tions by  means  of  the  suspension-rods  t  £,  and  the  horizontal  rods  u  u. 
The  spiral  springs  z  z  keep  the  brake-blocks  during  the  inactivity  of 
the  brake  at  a  sufficient  distance  from  the  tires,  and  thus  prevent 
any  unnecessary  friction.  The  free  action  of  the  suspension-springs 
during  the  stopping  of  the  wheels  has  now  been  obtained  simply  by 
bending  the  sliding  parts  o,  o,  which  serve  as  guides  for  the  wedges 
r  r,  to  a  certain  angle,  and  by  making  the  noles  in  these  sliding  parts  more  oval ;  the  same  shape 
is  given  to  the  hole  at  the  lower  part  of  the  suspension-rods  1 1,  that  is  to  say,  where  these  rods 
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are  fastened  to  the  coupling-rods  s  s,  Fig.  1225.     The  chief  centre  line*  of  the  hob*  in  th» 
parts  form  with  the  s  de  a.  b  an  angle  of  10  or  12  degrees ;  the  diameter  of  «b*n>  bolr* 
metres  their  length  61  millimetres,  thus  giving  to  the  bpringu  a  play  of  20  n411innti«».  ,••! 
for  the  oscillat  ons  during  the  running  of  the  wagon. 

A  few  words  may  be  said  here  with  respect  to  brake-block*  in  general   aid  vitb  MM 
iron  blocks  in  particular.     Some  time  ago  bruke- blocks  were  made  of  toft  wtwi,  rarb  • 
beech,  poplar,  and  so  on,  which  is  less  susceptible  to  become  poluhed  ty  friction  tb*a  fc«* 
rapid  wear  and  tear,  however,  requiring  often  and  expensive  renewing  of  tbe  Lltclu.  Utt  lad'aJ 
many  engineers  to  substitute  metal,  and  especially  iion,  in  place  of  tuod. 

The  use  of  self-acting  brakes  in  engines  of  tngerth's  system  require*  creat  rare  ia  draaadte* 
inclines  of  8  millimetres  near  Loxeville.     The  wooden  brake-l.l.  ck«  of  tbt  Under  ealrb  it*  \< 
often,  and  are  entirely  destroyed  when  the  train  reaches  the  station.     In  order  to  M*t*al  ^m 
inconvenience,  iron  blocks  have  been  substituted  for  the  wooden  one*. 

The  following  are  the  results  of  that  application ; — 

1.  With  wooden  brake-blocks  the  wheels  of  the  tender  had  to  be  stepped  in  order  to  rtrt.ni 
heating  and  the  returning  of  the  tires  after  a  run  of  9000  kilometre*,     bince  ire*  I  r»ke««jeffci 
are  adopted  on  some  of  the  French  railways,  the  wheel*  are  allowed  to  turn  »l«.nly  in  <!<«r,ad)»c 
inclines ;  several  tenders  have  already  run  over  12,000  kilometre*  nitbcut  ibt  •. 

requiring  to  be  cooled. 

2.  The  wear  and  tear  of  the  iron  brake-blocks  has  been  14   or  15  nullumtiee  ft*  aa  evcMk 
distance  of  15,000  kilometres. 

Those  results  have  been  fully  confirmed  by  the  experiments  rr.ade  with  Siilmant  •  bialr:  **4 
it  has  since  been  found  that  a  better  retardation  of  the  motion  ol  tbe  tiain  ia  o>  tait>«d  if  tu 
blocks  are  not  pressed  upon  the  wheels  during  the  whole  time  req  uind  lc  r  the  r.<  p|  ing  U  a  traia. 
but  are  lifted  up  and  pressed  upon  again  at  very  short  intervals. 

It  has  been,  however,  observed  that  the  tires  of  the  wheels,  rsrerially  tbo*e  of  the  tender,  aad 
the  iron  brake-blocks  used  at  present,  acquire  very  quickly, not  <my  tbe  thap.  tbown  in  r 
but  often  deep  grooves  are  cut  around  the  whole  circumference    of  tbe  tiie*.    1  b«  »••  gruMm  •  I* 
produced  either  by  grains  of  sand,  which  find  their  way  between   the  the*  and  tbe  b  air-!  |>ria. 
or  by  impurities  of  the  iron.     In  order  to  prevent  this  disadvantage,    £1.  Hilmant  L»»  {irtnad 
brake-blocks  of  cast  steel,  shown  in  transverse  section,  Fig.  1227.     The  mirfar*  t( 
whicli  comes  in  contact  with  the  tires  of  the  wheels,  is  divided  into  two  «)ual  part*  of  X'  milli- 
metres widtli ;   the  central  groove  has  a  width  of  20  millimetre*  and  a  depth  ol  86  u.illm*  u«  •, 
which  gives  sulHcient  room  for  a  current  of  air  to  pass  thiough. 
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To  fnd  by  Calculation  the  Pressure  and  Power  of  thi<  Brake.— It  will  be  «*n  f»CBI  Fig  I, 
the  brake  13  cornposeil  of  a  combination  of  diflft-rent  simple  mncl.inr a.  which  c*n  wt 
and  transfer  the  produced  effect  successively  from  one  upon  the  otl  «r,  and  •*•• 
considerable  pressure,  which  it  would  be  impossible  to  obtain,  under  tbo  »w» 
or  the  other  of  those  simple  m:i chines  alone. 

The  obtained  pressure  is  very  variable,  and  derxnda  chiefly  npn  tbe  po« 
exercised  by  the  guar.l  upon  the  l.andle  or  wheel  of  the  screw.  ^ 

Referring  to  Fig.  1228,  and  putting 

R  =  Om-220,  the  length  of  the  handle  or  the  jadius  of  the  brake-w 

r  =;  On-023,  the  radius  of  the  brake-sc-rew ; 

h   =0^-014,  tho  thread  of  the  screw; 

/  =0-08,  the  coefficient  of  friction  of  the  arrew;  and 

P  =  30*  .  the  force  of  tho  guard  on  tho  handle  or  the  wbe«l ; 

1238. 


\re  get  as  the  work  of  the  screw  tho  pressure  Q  =  --—  x  ^  ^.j,ry 
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etituted,  we  have  Q  =  -7 


30x0-22      2  x  3-14  x  0-023-0-08  x  0-044 


=  727" -89,  or  about  728 


0-044  +  2x3-14  x  0-023  x  0-08 
kilogrammes. 

The  effective  weight  of  the  suspension-rods  c  c  —  16k  has  to  be  added  to  this  pressure,  so  that 
the  total  force  at  the  end  of  the  lever  6  is  equal  to  Q  =  E,  =  728  +  16  =  744  kilogrammes 
Calling,  therefore, 

L   =  2m  •  065,  the  length  of  the  lever  6 ; 
p    =  80k ,  its  own  weight  reduced  to  the  centre  of  gravity ; 

L,  =  0^-970,  distance  of  centre  of  gravity  from  the  centre  of  the  horizontal  shaft ; 
lt    =  O1"  •  3G5,  length  of  the  small  levers ; 

pl  —  18k ,  weight  of  the  lever  reduced  to  its  centre  of  gravity ;  and 
/,    =  Om  •  200,  distance  of  centre  of  gravity  from  the  centre  of  the  horizontal  shaft  • 

_  P,  L  +  />  L,  +  p.  /, 

— - -, ;  or  substituting  again 


the  pressure  produced  by  the  lever  is  equal  to  Q,  =  — 


the  given  values,  Q,  = 


744x2-065  +  80  x  Q-97  +  18x  Q-2 
0-886 


=  4431* -67,   or  very  nearly  4432 


tang.  80° 
Q.  =  - 


kilogrammes. 

Adding  again  the  effective  weights  of  the  suspension-rods  n  n,  of  the  bolts  for  the  joints  of  the 
wedges,  &c.,  equal  to  53  kilogrammes,  we  get  the  total  pressure  produced  upon  the  wedges, 
Q,  =  P2  =  4432  +  58  =  4485  kilogrammes. 

Taking,  finally,  the  angle  formed  by  the  two  parts  of  the  wedges  at  the  moment  the  brake  is 
applied,  a  =  19°,  therefore  0  =  80°  30',  and  /,  =  0'18  the  coefficient  of  friction  of  the  we.l-<  s, 

we  get  altogether  the  considerable  pressure  of  Qt  =  -  ,  V  +     ^  0    U^~  ~  X  P2,  or 

&  (.1  +  /,  tang,  ti) 

2  x  0'18  +  0  18*  x  tang.  80°  3^ 
—.^-^—^^  Q,  =  2-G99  x  4485  =  12105  kilogrammes, 

which  gives  a  pressure  upon  each  brake-block  of  -~  =  —    —  =  3026  kilogrammes. 

This  pressure  is  considerably  increased  by  the  impulse  given  to  the  blocks  from  the  wheels  as 
they  rotate  :  according  to  experiments  made  with  the  pressure  or  coupling  rods  s  s,  it  can  be  taken 
as  4500  or  5000  kilogrammes.  Now,  if  the  coefficient  of  friction  of  the  block  be  put  equal  to  0  •  4, 
the  effort  of  this  friction  will  be  T  =  4500  x  0-4  =  1800  kilogrammes,  which  is  much  greater  than 
the  adhesion  of  the  wheels. 

Time  required  for  the  Action  of  the  Brake.  —  Although  the  stopping  of  wheels  by  means  of  screw- 
brakes  is  generally  considered  a  slow  operation,  yet  stopping  a  train  by  Stilmant's  system  is  an 
exception,  on  account  of  the  rapidity  of  its  action,  which  is  as  prompt  as  in  the  best  constructions, 
while  at  the  same  time  it  possesses  many  other  advantages.  Besides,  the  small  space  between  the 
brake-blocks  and  the  tires  of  the  wheels  very  much  facilitates  the  quick  and  effective  action  of 
Stilmant's  brake. 

Supposing  now  that  in  a  well-constructed  brake  the  distance  between  blocks  and  tires  is 
equal  to  Om  •  003,  and  taking  the  play  between  the  axle-boxes  and  the  plates  in  which  they  move 
to  equal  Om>003,  we  find  :  —  That  the  friction  between  the  blocks  and  the  tires  of  the  wheels  only 
commences  when  th*e  blocks  will  have  passed  through  a  distance  of  Om-003  (a);  and  that  the 
braking  of  the  wheels  takes  place  immediately  after  a  distance  of  Om  •  006  (which  may  be  less)  is 
passed  (6). 

It  is  thus  necessary  to  determine  the  distance  B  B,  =  C  C1?  Fig.  1229,  which  the  wedges  have  to 
travel  before  the  blocks  touch  the  wheels 


For  this  purpose  we  find  in  the  triangle  E  D  F,  at  first,  that  E  =  -|  =  1 1°  30',  and  D  F  =  Om  •  003  ; 
next,  that  E  =  -£  =  9°  30',  and  D  F  =  Om-003;   and  consequently  (a)  for  the  contact  between 

2t 

blocks  and  tires;    EF  =  BB,  =  DF  cotang.  E,  or  BB,  =  0-003  cotang.  11°  30'  =  Om- 01472, 
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whence  the  distance  travelled  by  the  end  of  the  long  lever  6,  H  K  =  °  01*  *  5   ^  =  o*-«8M. 

or  the  number  of  revolutions  of  the  handle  of  wheel,  if  the  thread  of  the  «9»i 

0  •  0834 

n  =  "F  044"  =  1  9  revolutions-    For  the  stopping  of  the  wheels  ('•),  E  F  =  H  B,  =  D  F  eofcu*.  K, 
B  BI  =  0-003  cotang.  S°  30'  =  O1"- 01793,  whence  the  distance  travelled  by  the  lew, 
K  j_  0-01793  x  2-065 

0-365  )H' 

and  the  number  of  revolutions  of  the  handle  or  brake-wheel  n  =  — 

0-O44 
distance  through  which  the  end  of  the  lever  I  has  to  move  will  be  H 9  -  0*0884  +  0- 1014  •  §•• 

or  n  =  -  =4-2  revolutions,  requiring  about  10  or  12  seconds.    An  cxprew  train, 

60  kilometres  an  hour  or  16™ -66  a  second,  can  therefore  be  stopped  by  means  of  two  of 
brakes  upon  a  length  of  less  than  500  metres ;  this  result  has  been  corrobnratal  by  cxperfa 


Construction  of,  and  Work  done  by,  the  Principal  Parts  of  the  Brute.  —  Amount  the  Many  \*t\* 
which  compose  the  mechanism  of  the  brake,  there  is  a  certain  number,  the  dinMMioM  of  whieh 
ought  to  be  carefully  calculated.  These  parts  are  :  —  The  shank  of  the  screw  (a);  the  rod*  b*n» 
mitting  the  pressure  of  the  screw  to  the  lever  (6)  ;  the  main  lever  (c)  ;  the  two  nail  levm  (rf)  ; 
the  brake-shaft  (e)  ;  and  the  coupling  or  pressure  rods  (/). 

Screw  of  the  Stem  or  Shank  of  the  Brake  (a).  —  Suppose  the  minimum  diameter  of  the  dm  of  the 

H    ' 
screw,  Fig.  1230,  be  Om-035.  and  taking  the  same  values  given  above,  we  get  Pr  =  —  —  ,  or  »«b. 


J.  ird3    _ 

stituting  for  -  its  value  =  -^-  ,  P  r  = 

16  x  30  x 


16  P  r 

,  "whence  R,  =          -  ;  or  introducing 


I  =  784400  kUogrammes,  or  about  Ok-800  to  the  square  millimitas.    Taktaf 

the  modulus  of  elasticity  for  the  torsion,  G  =  6600000000  kilogrammes,  we  find  the  angle  of 
torsion,  t  =  -^Q-  '  or  substituting  again  for  J  its  value  =  ^-  0-098rf«,  t  =  Q. 
30  x  0-22  x/5 


* 


0-098  x  0-0354  x  6600000000 

1230. 


_  Q,  .  0102  thftt  |g  to  ^  OP  0'  36"  7. 


1231 


mitted, 


-The  iwerow  whirh  1>M  to  1*  ti*a»- 
therefbn  for  eatb  pair  of  *•»• 


(there  being  always  two)  ^  =  372  kilogrammee.    Wethnsobtain  P  L-  -  W  J  I 


63  A 


W  It  .  ,    i 

for  J  its  value  =  -r^- ,     *  ^  - 


12 


12PLf 

,    whence  E  =  ~~j  ,*  •    • 


When  the  corresponding  values  are  introduced,  wo  have 

_       12  x  372  x  0^_  _  10i8846500  liil  .!!•••• 
•  ~  3-142  xO-028  x  0-045 
Now>      E  «=  ^,  whence  .'  =  ^  ;  or  substituting  the  tmlo^ 

=  Om-OOOHB\ 


above,  P  =  744  kilogrammes,  besides  the 
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T>    T  j 

The  equation  for  equilibrium  will  be  (P  +  i  p)  L  =  —  ;  or  substituting  for  —  its  value. 

n  n 


obtain,  for  the  section  taken  in  the  central  axis,  (P  4- 


~ 


,  whence 


'01 


6  x  0-17  x  (744  +  40)  x  2-065 


. 
6  h 

=3036100  kilogrammes, 


O3x(0-178-0-OU3) 

say   about   3  kilogrammes  to  a  square  millimetre;    for  the  section  taken  before  the   centre, 
<P  +  ,  „  L  _-  •»;    ,h_  .  .  SMP+irt    or  E  . 


6  6  A* 

grammes,  that  is  to  say,  about  8  kilogrammes  per  square  millimetre. 

The  flexure  of  the  lever  is  obtained  bv  the'formula  /  =          _    —-- —  ,  or 

E  bha 

4  x  784  x  2-0653 

/  =  20000000000  x  0-04x0-173  =  °     °°7 :  "*•  7  milll™tre8- 

The  Small  Levers  (d),  Fig.  1233. — There  are  also  two  of  these  levers,  and  they  are  formed  like  a 
fork.     The  strain  upon  each  of  them  will  be 

|(P  +  iP)Ll       .  f(744  + 40)  x  2-065-1 

f- I  —  i  p,  =  I s 7T  o/>c I  —  1  =  2213  kilogrammes  : 

L         21        J  L        2x0- 365        J 

TJ    T  T 

and  the  equation  for  equilibrium  is  thus  again  (P  +  %p)  I  =  —  ;  or  substituting  for  -  its  corro- 


spending  value,  we  get,  for  the  section   at  the  centre,  (P  +  |  Pi)  I  = 


R  6 


R  = 


(2213  +  4-5)  x  6  x  0-135  x  0-365 


6  k 


V)       u 
— — ,  whence 


0-13  (0-  1353  -0-0853) 


-    -  =  2633000  kilogrammes,  that  i. 


to  say,  2k  •  633  to  the  square  millimetre  ;  for  the  section  before  the  centre,  (P  +  £  p)  I  = 


vhence  R  = 


R  = 


=  7824240  kilogrammes,  or  a 


8  kilogrammes  per  square  millimetre. 
The  flexure  of  these  levers  will  be  /  = 


(2213  +  4-5)  x  4  x  0-3G53 


20000000000  x  0-03  x  0-1 35a 

1234. 


— ,  =  Om-  0003. 


Brake-Shaft  (e\  Fig.  1234. — The  brake-shaft  is  submitted  to  two  different  strains,  the  one 
acting  by  flexure  and  the  other  by  torsion.  The  first  one  i^  insignificant,  and  we  shall  only 
consider  the  other. 

The  moment  of  torsion  for  the  part  7,  is  M  =  (P  +  J/>)  r  — •,  which  has  to  be  kept  in  equilibrium 


by  the  moment  of  resistance,  M  = 


We  eet>  therefore' 


whence  E,  = 


)  x  16  x  2-065  x  0-99 
,  or  R,  =        -L-—-      --  =  8873470  kilogrammes, 


or  very  nearly  9  kilogrammes  to  the  square  millimetre. 


For  the  part  '  of  the  shaft,  the  moment  of  torsion  is  M  =  (P  +  ip)  r  —  ,  therefore,  as  above, 

(P  +  i,P)  r  •£  =     '^      ,  whence  B,  =  - 

_  (744  +  40)  x  16  x 2-065  x  Q-51  _  ^^ 
i  3  "14  x  0 "  085^  x  1" 

say  4k  •  5  per  square  millimetre. 

Finally  taking  G  =  6600000000  kilogrammes,  we  find  for  the  angle  of  torsion, 

•\  (744  +  40)  x  2-OG5  x  0-99  x^51  _  0o.016U 

,  or  I        n.nno  .,  n.noK*  *,  cenAAnnnAA  *,  i  -K  ' 


JGL 

about  t  =  0°  0'  58". 


0-098  d4 


0-098  x  0-0854  x  6600000000  x  1'5 
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The  equation  of  the  equilibrium  of  these  rods  is  PL»  =  »*JE;  or  rahstitntia*  for  J  its 
value  =  ^7-#  =  0-0491,  we  find  P  L*  =  **  0-0491  d*  E,  whence  E  =        PLV 

_ 4500x2-030 

~  3- 14*  x  0-0491  x  0-055*  =  21°       >000  kilogramme*. 

Now  »  =  FL  =    PL     or  =  -  450°  x  2*030 

A  E       r2  v  E  '          0 •  0275*"x~3- 14  x  2100000000  = 

In  conclusion,  we  give  diagrams  representing  some  of  the  different  types  of  brake  Crratwotlr 
used. 

Fig.  1236  shows  the  arrangement  of  a  brake  applied  to  tenders  on  the  Western  Rail  war  of 
France.     This  brake  shows  at  the  same  time  with  what  facility  eight  brake-block*  mar  *" 
instead  of  two. 

1236. 


Fig.  1237  shows  the  brake  for  the  goods  wagons  on  the  Eastern  Railway  of  Franco. 

1237. 


Fig.  1238.  brake  as  adopted  on  the  Northern  Railway.    A  screw  with  a  thread  of  <wly  IS 
millimetres  transfers  the  pressure  directly  to  the  wedges. 

im 


1238. 


Fig.  1239  shows  a  hand-brake,  acting  either  npon  one  wheel  only,  or  apm,  the  two  wto*  •! 

the  same  time. 
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The  weights  of  the  brakes  of  these  different  systems  are  : — 

1.  For  the  brake  of  tin-  tender.  Fiir.   l'J:;<>,  with  eight  brake-blocks,  about  800  or  9.".0  kilo- 
rTrammes,  of  which  200  kilogrammes  are  of  cast  iron. 

2.  For  the  same  brake  with  four  blocks  only,  between  700  and  800  kilogrammes,  of  which 
about  150  kilogrammes  are  of  cast  iron. 

3.  For  the  brake  of  the  goods  wagons,  as  shown  in  Fig.  1237,  between  600  and  G50  kilo- 
grammes, of  which  about  90  kilogrammes  are  of  cast  iron,  and 

4.  For  the  hand-brake,  Fig.  1239,  between  240  and  260  kilogrammes,  of  which  GO  kilogrammes 
are  of  cast  iron. 

Numerous  brakes  have  been  invented  for  stopping  railway  carriages,  but  nearly  all  of  them  act 
upon  the  same  general  principle,  and  are  simply  different  methods  of  pressing  blocks  of  wood 
against  the  circumference  of  the  wheel,  so  as  to  stop  its  revolution,  and  cause  the  tire  to  slide  upon 
the  rails. 

If  the  wheels  are  all  stopped,  the  friction  of  the  weight  of  the  carriage  sliding  upon  the  rails 
is  the  whole  amount  of  braking  power  that  can  be  obtained  by  any  of  the  plans ;  and  the  different 
methods  used  to  accomplish  this  add  no  power  for  stopping  the  carriages,  but  are  only  different 
ways  of  pressing  the  brake-blocks  against  the  tires,  for  the  purpose  of  ensuring  greater  rapidity, 
certainty,  and  uniformity  of  action,  reducing  the  expenses  of  repairs,  and  the  jarring  on  the  car- 
riage— or  to  make  the  brakes  self-acting,  or  worked  in  combination, 

The  principal  object  to  be  obtained  is  to  have  the  blocks  always  pressed  square  against  the 
wheels,  and  with  a  uniform  pressure  on  all  the  wheels  of  the  same  carriage  or  wagon ;  unless  this 
is  effected  there  is  great  difficulty  in  stopping  the  wheels,  and  much  straining,  is  caused  upon  the 
carriage.  In  the  earlier  brakes  the  block  is  suspended  by  a  vertical  lever  from  the  frame  of  the 
carriage  or  wagon,  as  shown  in  Fig.  1240,  the  block  A  being  shaped  to  the  circle  of  the  wheel ;  but 
the  varying  height  of  the  frame  of  the  carriage,  from  the  variation  in  the  weight  of  load  acting  on  the 
springs,  causes  much  inequality  in  the  fitting  of  the  brake-block  to  the  wheel,  from  the  relative  level 
of  the  brake-block  and  the  wheel  being  changed,  as  shown  by  the  dotted  line  B  B ;  also,  the  action 
of  the  springs  is  stopped  by  the  pressure  of  the  brake,  causing  violent  jarring  and  concussions, 
injurious  both  to  the  carriage  and  the  road,  and  being  very  annoying  to  passengers. 


1240. 


1241. 


Sliding  Brake. 


1242. 


Hanging  Brake. 

The  slide-brakes,  like  those  shown 
in  Figs.  1241,  1242,  were  invented  for 
the  purpose  of  remedying  these  de- 
fects. The  relative  level  of  the  wheel 
and  the  brake-block  is  preserved  un- 
changed, by  the  brake-block  A  sliding 

horizontally  upon  a  bar  BB,  which  ia 

carried  by  the  axle-boxes  at  each  end, 

C ;  a  difficulty  is  experienced,  however,  in  preserving  an  equal  pressure  on  all  the  brake-blocks,  on 

account  of  the  unequal  wearing  of  the  different  bearings. 

Davis'  brake,  Fig.  1242,  consists  in  the  arrangement  of  a  series  of  levers,  rods,  and  springs, 
which  are  made  to  operate  upon  the  brakes ;  so  that  when  the  locomotive  ceases  to  propel  the 
train  the  brake  is  applied  to  the  wheels,  and  released  when  the  locomotive  is  started.  The  sliding 
action  is  effected  by  the  use  of  rods  /,  k,  I,  m,  which  are  thrown  into  or  o\it  of  action  by  the 
catch  y.  The  reciprocating  motion  is  maintained  by  compound  levers  acted  upon  at  x,  and  springs 
placed  at  z  z. 

All  the  above  brakes  have,  however,  the  serions  objection  that  flat  places  are  worn  upon  the 
tires  of  the  wheels,  by  sliding  upon  the  rails ;  and  the  wheels  consequently  become,  to  a  certain 
degree,  polygonal.  Any  deviation  from  the  circular  form  of  the  wheel  becomes  a  serious  source  of 
injury  both  to  the  rails  and  the  wheel,  from  the  amount  of  concussion  caused  by  the  great  velocity 
of  rolling,  and  the  great  weight  carried ;  this  also  causes  increased  expense  in  the  wear  of  the  tires 
and  rails. 

In  Lee's  brake,  Fig.  1243,  the  wooden  brake-block  A  is  made  of  a  triangular  form,  and  is 
pressed  both  against  the  wheel  and  the  rail  by  the  lever  B,  whicli  is  centred  upon  the  nave  of  the 
wheel  C,  by  means  of  a  ring  or  collar  fitting  in  a  circular  groove  cut  round  the  nave ;  the  rubbing 


BRAKE. 


face  of  the  wood  block  is  shod  with  copper  or  iron.    The  connecting-rod*  D  D  bar 
screws,  to  preserve  the  relative  position  of  the  brake-block  A  and  the  wfaooL  • 

tVlO    Vllivt    1CPnr«    «1TTOT7 


the  block  wears  away 

The  mechanical  arrangement  of  this  brake, 
it  will  be  perceived,  does  not  admit  of  sufficient 
pressure  being  applied  against  the  wheel  and 
the  rail  to  form  an  efficient  brake ;  but  even  if 
the  pressure  were  sufficient  to  stop  the  wheel, 
the  same  objection  would  still  apply  as  in  the 
ordinary  brake,  namely,  flat  places  would  be 
worn  on  the  wheel.  This  brake  was  tried  on 
one  or  two  railways,  but  has  not  come  into  use. 

Adams's  brake,  Fig.  1244,  consists  of  a 
sledge  A  A  sliding  upon  the  rails,  upon  which 
the  whole  weight  of  the  carriage  is  thrown  by 
lifting  the  wheels  off  the  rails.  The  sledge  A  A 
is  a  long  piece  of  iron,  with  a  flange  at  each 
end  to  guide  it  on  the  rails,  and  is  suspended 
by  two  links  B  B  from  the  iron  bur  C  C,  which  is 
supported  by  the  links  D  D,  and  bears  against 
the  under-side  of  the  axle-box  at  each  end,  E  E ; 
the  links  B  B  are  in  the  form  of  a  parallel  rule, 


130. 
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and  when  they  are  straightened  by  the  action  of  the  lever,  the  sledge  A  A  is  pressed  upon  UM 
rails,  and  lifts  up  the  wheels  from  their  bearing  on  them.    This  brake  save*  UM  WBMMI tnm 


being  worn  flat ;  but  it  requires  great  power  to  put  the  whole  weight  of  the  carriage  npno  UM 
sledge,  and  is  consequently  slow  in  action ;  and  there  is  also  an  objiytion  to  it  in  having  UM 
wheels  hanging  without  any  support  when  the  brake  is  in  action.  It  ha*  not  OMM  into*  BS»  in 
England,  but  several  brakes  on  thia  principle  have  been  used  in  Belgium  for 
viously. 

Handley's  brake,  Fig.  1245.    This  brake  is  on  the  same  principle  as  th«  ordinary  akid 
common  roads ;  the  two  iron  arms  A  A  are  carried  by  the  axle  B,  upon  which  a  braM  ring  Hfe  fttod, 

1245. 


turning  round  the  axle ;  and  at  the  end  of  these  arras  are  fixed  the  shoes  or  .kid 

is  made  to  pass  under  the  wheel,  whichever  way  the  carrmge  is 

by  turning  the  lever  round  upon  the  axle.    The  shoe  is  made  th* 

without  any  flange,  and  the  wheel  is  lifted  only  about  j  of  an  in.  on  the  a  «•«,•»  «•» 
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of  the  wheel  continues  as  efficient  and  securi-  :i  guido  upon  the  rails  as  in  the  ordinary  case  of  a 
wheel  stopped  from  revolving  by  the  pressure  of  a  brake-block.  The  shoe  is  made  in  two  pieces: 
the  upper  one,  C,  is  forged  on  to  the  arm  A,  and  the  lower  picci-,  I>,  which  forms  the  skid,  is 
hinged  to  it  at  the  end.  The  object  of  this  construction  is  to  prevent  the  shoe  from  touching  the 
•wheel  until  it  is  required  to  be  put  in  action;  the  joint  opens  about  J  of  an  in.,  and  the  shoe  falls 
away  from  the  wheel  when  it  is  lifted,  being  stopped  by  the  bolt  E,  which  limits  the  extent  of  its 
opening:  and  round  this  bolt  is  placed  a  short  spiral  spring,  to  keep  the  joint  open,  and  prevent 
it  from  shaking  when  the  carriage  is  running. 

The  wear  of  the  shoe  is  provided  for  by  inserting  two  small  dove-tailed  pieces,  F  and  G,  at 
the  points  where  the  wear  takes  place ;  these  pieces  are  slightly  tapered,  and  are  driven  into  their 
places  from  the  inner  side,  being  burred  or  riveted  on  the  opposite  side,  where  they  remain  firmly 
fixed,  having  no  tendency  to  work  loose.  The  lower  piece  is  of  wrought  iron,  which  is  found  to 
answer  best  for  the  purpose;  the  upper  one,  F,  which  carries  the  wheel,  is  of  cast  iron.  It  has  very 
little  wear  upon  it,  but  is  changed  occasionally  for  a  piece  of  greater  thickness,  to  allow  for  the 
wear  of  the  shoe-plate  G,  and  preserve  the  total  thickness  of  the  shoe,  within  very  little  variation, 
BO  as  to  prevent  much  difference  in  the  height  that  the  wheel  is  lifted  from  the  rails. 

This  brake  is  easily  and  quickly  applied,  by  means  of  the  lever  L  acting  on  the  upper  arm  of 
the  brake  K,  as  the  carriage  runs  upon  the  shoe  when  it  is  pressed  under  the  wheel.  The  ordinary 
brake-screw,  lever,  and  cross-shaft,  are  available  for  working  this  brake. 

The  brake,  Figs.  1246,  1247,  invented  by  D.  Goodnow,  of  Albany,  U.S.,  is  very  ingeniously 
arranged.  The  object  the  inventor  had  in  view  was  to  obviate  those  accidents  that  arise  from 
applying  the  brakes  of  a  railroad  car  to  the  outer  sides  of  the  four  wheels  of  the  truck,  by  a 
compact  arrangement  of  the  brakes  in  the  centre  between  the  wheels  of  the  trucks,  thereby 
exposing  them  to  less  danger  of  breaking,  or  their  parts  becoming  detached.  This  arrangement 
further  consists  in  so  constructing  the  brake-bars,  in  combination  with  the  jaw-braces  of  the 
trucks,  that  in  case  the  bars  are  broken  they  cannot  fall  to  the  track  and  obstruct  the  wheels ; 
further,  in  operating  the  two  brakes  conjointly  by  the  direct  endwise  thrust  of  a  short  con- 
necting-bar, both  brake-blocks  are  made  to  act  upon  the  wheels  simultaneously. 


1247. 


1246. 


The  brake-bars  F,  F,  Fig.  1246,  extend  beyond  the  jaw-braces  /,  /,  to  which  they  are  connected 
by  the  yokes  f,  «'.  In  Fig.  1247,  E  represents  the  position  of  the  plank  or  hang-frame  in  relation 
to  the  brake-bars  F,  F,  and  the  guide  and  safety  rods  £,  k.  How  the  brake-bars  F,  F,  lever  G,  G', 
connecting-bar  N,  car-bearing  E,  and  truck  wheels  B,  B,  are  combined  and  arranged,  is  clearly 
shown  in  Figs.  1246,  1247. 

Now  we  propose  to  place  the  subject  of  this  article  in  a  clear  light,  and  in  a  plain  practical 
form ;  since  it  has  been  handled  in  an  erroneous,  an  obscure,  or  a  slovenly  manner,  by  most  mechanical 
writers  and  experimentalists. 

A  carriage  on  a  level  railroad  only  requires  a  pressure  of  about  -^^  part  of  the  moving  weight 
to  give  it  motion,  or  from  4  to  8  Ibs.  a  ton.  The  fraction  -5^  is  called  the  coefficient  of  friction ; 
as  these  coefficients  become  smaller,  the  rubbing  surfaces  become  smoother.  All  constant  resist- 
ances may  be  expressed  in  a  similar  manner. 

The  work  of  every  machine  is  consumed  by  the  work  done,  or  by  the  useful  work,  together  with 
the  useless  work,  or  the  work  destroyed  by  the  friction  of  the  parts  of  the  machine.  We  will  here 
explain  one  of  the  most  beautiful  laws  of  motion :  When  the  work  applied  exceeds  the  work  con- 
sumed, the  redundant  work  goes  to  increase  the  speed  of  the  parts  of  the  machine,  and  at  the 
game  time,  like  the  fly-wheel,  acts  as  a  reservoir  of  work.  This  acceleration  goes  on  increasing 
until  the  work  of  the  resistances  +  the  useful  work  =  the  work  applied ;  and  then  the  motion  of  the  machine 
becomes  uniform. 

For  example,  in  a  railroad  engine  and  train,  at  first  the  work  of  the  engine  exceeds  the  work 
of  the  resistances,  and  hence  the  speed  of  the  engine  goes  on  increasing ;  but,  as  the  speed 
increases,  the  work  of  the  resistances  also  increases,  so  that  ultimately  the  engine  attains  a  nearly 
uniform  motion,  which  is  called  the  greatest  or  maximum  speed,  and  then  the  work  destroyed  by 
the  resistances  will  be  exactly  equal  to  the  work  applied  by  the  moving  power.  A  few  simple 
examples  will  make  this  law  clear. 
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resistances  amounting  to  5  Ibs.  a 
Put  x  -  the  required  horse-power. 
The  work  of  the  engine  a  minute  =  x  x  33000  units  of  work 
The  resistance  =  5  x  100  =  500  Ibs. 


23  X  5280 
The  distance  moved  a  minute  = _ ?  =  2024  ft. ;  or  SStf  ft.  a  •eoood. 

Work  to  overcome  the  constant  resistances,  in  a  minute  =  2024  x  500  =  1018000 
But  as  the  speed  of  the  train  is  uniform,  the  work  of  tH «-»--"- 


x  x  33000  =  1012000  •     x  -  10120QQ  _  ^.7  »,„, 

"    33000    ~        '  """fr-pow. 


'«•»;  ^""""s  "'^+  c«  Oj«.vu  w  ui   i^uv/  ooo  11.,  wuen  oppoeeu  oy  the  conatant  rtmutmiin 
500  Ibs.  on  the  level  rails. 

If  the  constant  resistance  (/)  be  1000  Ibs.,  this  tram  would  come  to  re*  when  f 
When  /  =  2000  Ibs,  then  ,  =  1975-222  ft,  and  so  on.    The  units  ^TrS^SmfS . ™? 
weighing  W  Ibs,  moving  with  a  velocity  of  c  ft.  a  second,  is  equal  to  —  x  -        .-      I 
'  Essential  Elements  of  Practical  Mechanics,'  p.  97.    In  this  case  g  =  32 -2  lba_  the  tapumU 
weight  of  a  unit  of  mass.    —  is  termed  the  mass  of  a  body  whose  weight  is  W  Ib*. 

W       c2       100  tons  x  2240       (33UV 
Whence  —  x  -^  = ~2~ x  —~-  =  3950444  units  of  work; 

and/s  =  500  x  7900-888  =  3950444, 
or/s  =  1000  x  3950-444  =  3950444, 
or  fs  =  2000  x  1975-222  =  3950444,  and  BO  on. 

Ques. — What  is  the  rate  in  miles  an  hour  of  a  train  of  80  tons,  drawn  by  an  «*MT*~>  of  70 
horse-power,  when  the  constant  resistances  amount  to  8  Ibs.  a  ton  ? 
Call  x  the  uniform  speed  in  miles  an  hour. 

Work  used  in  moving  the  train  x  miles  =  80  x  8  x  5280  X  x ;  this  is  the  work  done  by  UM 
engine  in  an  hour.    But  the  work  done  by  the  engine  in  an  hour  will  also  be  exprand  by 

33000  x  70x60; 

. .    33000  x  70  x  GO  =  80  x  8  x  5280  X  x  •       .-.    x'=  -  ~  =  48-02  milca. 

80  x  8  x 


When  the  propelling  power  ceases  to  act,  and  a  constant  resistance  of  1 1200  Ib*.  (/)  (fir* 
tons)  is  applied,  then  this  train  will  come  to  rest  after  passing  over  a  space  («)  of  85M  ft    flttot 
the  uniform  velocity  (c)  in  this  case  is  60  ft.  a  second, 
W       v*       80  x  2240       (60)* 
.'.     —  x  —  =      32-2 —  x  ±-£-  =  10017392  unit*  of  work; 

but,  /  x  s  =  11200  x  894  =  10012800  units  of  work. 


Ques.  —  An  engine  of  48  horse-power  moves  with  a  maximum  speed  of  88  mile*  an 
level  rail  ;  required  the  gross  load  of  the  train,  when  the  constant  resistance*  amount  to  6  Iba.  a  loaf 
Let  x  be  the  gross  weight  of  the  train  in  tons  ;  then  the  work  consumed  an  boor  in  ntotiof  Ik* 
train  =  x  x  6  x  33  x  5280. 

Work  of  the  engine  an  hour  =  48  x  33000  x  CO. 

When  the  speed  is  uniform  or  at  its  maximum,  or  x  6  X  33  x  5280  =  48  x  83000  X  00; 

48  x  33000  x  60 
•'•    X= 


6x33x5280 

W       r*       1000       2240      (48  -4V1 

In  this  example  fs  =  7407307  units  of  work  =  —  x-^-  =  —  —  x  —  ^-x  — 

g         L  yl  I  X 

constant  resistance  (/)  of  3000  Ibs.  will  bring  this  train  to  rest  after  it  uu  paavxi  over  a  »pac»  (») 
of  2469-102  ft,  for/s  =  3000  X  2469-102  =  7407307  units  of  work. 

Ques.  —  In  what  time  will  an  engine  of  66  horse-power,  moving  a  train  of  200  kma,  cUBpMr  • 
ioumey  of  100  miles,  friction  and  other  constant  reriMlWH  amounting  to  5  Iba.  a  too,  rail* 
horizontal  ? 

Work  expended  in  moving  the  train  100  miles  =  100  x  5280  X  200  X  5  «  52800* 

Work  of  the  engine  an  hour  =  33000  x  66  x  CO  =  130080000; 


.  W      200  x  2240 

In  this  case  v  =  36  -3  ft.  a  second,  and  —  =  —  .„-„  -  ; 

g  At  £ 

.-.    /»=  —  x  -  =  9166539  uniUofwork. 


This  work  is  conserved  in  the  train,  and  exists  in  the  train  independent  of  the  power  of  I 
and  of  the  opposing  resistances. 

The  following  summary  of  experiments  made  to  test  the  retarding  power  of  difl 
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brakes  is  taken,  with  some  alterations  and  explanations,  from  a  paper  by  W.  Fairbairn,  printed 
in  the  '  Proceedings  of  the  Institution  of  Civil  Engineers,"  vol.  xix.  Suppose  a  train  impelled  by 
a  locomotive  engine  until  it  attains  a  uniform  velocity  v  in  feet  a  second  ;  that  then  the  brakes 
are  applied,  and  the  train  brought  to  a  stand  after  passing  a  distance  s  in  feet  :  it  is  required  to 
find  a  measure  of  the  force  by  which  the  momentum  has  been  destroyed.  Inasmuch  as  the  brakes 
act  by  friction,  which  may  be  considered,  with  sufficient  accuracy,  to  be  uniform  throughout  the 
operation  of  braking,  the  train  may  be  assumed  to  be  stopped  by  a  uniformly  retarding  force 
acting  through  the  space  s.  If  the  retarding  force  in  this  case  is  called  /,  consisting  mainly  of  the 
friction  of  the  braked  wheels,  and,  for  simplicity,  including  also  the  friction  of  the  axles,  resist- 
ance of  the  air,  and  other  constant  resistances,  then 


But  supposing,  as  is  generally  the  case,  that  the  retarding  force  of  the  brakes  is  proportional  to  a 
part  of  the  weight  of  the  train  only,  that  is,  that  the  retarding  force  generated  varies  as  the  weight 
on  the  rubbing  surfaces,  and  supposing  the  brakes  to  be  applied  to  a  few  carriages  only,  putting 
w  for  the  weight  of  the  brake  carriages  in  tons,  and  W  for  the  weight  of  the  train,  then 

We2 

''  =  2—  ,  .  PS       ' 

which  gives  the  retarding  force  to  each  unit  of  mass  of  the  brake  carriages. 

It  will  be  convenient  to  reduce  this  force  to  terms  of  weight  instead  of  mass.    Call  ft  the 
retarding  force  in  pounds  a  ton  weight  of  the  brake  carriages,  then 


/*=/,  X  =  69-587  /,;  [3] 

—  X  2244 

w  t? 

that  is,  /,  s  =  -  x  —  =  the  units  of  work  done  in  resisting  the  constant  force  (/2)  through 

9  A 

a  space  (s);        ±  s  =  —  x     -  =  /,  s,  and        x          s  =  *-  =  fs.    v  and  s  are  variables,  but  W, 


,  ,  - 

u>,  #,  are  constants. 

Again,  supposing  that,  instead  of  being  on  a  level  line,  the  brakes  are  applied  on  an  incline. 
Then  the  action  of  gravity  will  cause  the  train  to  go  farther,  if  it  is  descending  the  incline,  or  to 
stop  sooner,  if  ascending,  than  if  the  line  was  level  ;  and  gravity  is  a  uniformly  accelerating  or 
retarding  force,  as  the  friction  of  the  carriages.  Hence  the  net  result  in  distance  and  velocity  of 
a  train  stopped  on  an  incline  may  be  supposed  to  arise  from  two  forces:  /,  a  retarding  force 
dependent  on  the  friction  of  the  braked  wheels  ;  and  tf>,  a  retarding  or  accelerating  force  dependent 
on  gravity,  and  assisting  or  opposing  the  action  of/,  according  as  the  incline  rises  or  falls  ;  thence 

'**=£  [4] 

Now,  the  value  of  <f>  in  terms  of  the  inclination  6  of  the  plane  to  the  horizon  is  known,  for  if  g 
be  the  velocity  generated  by  the  gravity  in  one  second,  </>  =  g  sin.  0  ;  or  putting  z  for  the  vertical 
height  fallen  through  by  the  train  between  the  time  of  applying  the  brakes  and  stopping  the 

train,  <t>  =  9  ^; 

t?  r>*          z 

,-.    /=_±,8in.6  =  -±?- 

[5] 


=  69-587  A  [7] 

9  s 

where  the  +  or  —  sign  is  to  be  adopted,  according  as  the  gradient  falls  or  rises. 

In  the  increase  of  the  brake-power  of  trains,  the  principles  hitherto  most  successfully  employed 
have  been,  —  first,  the  use  of  steam  acting  direct  on  the  brakes;  secondly,  the  connection  of 
several  of  the  ordinary  form  of  brakes,  so  as  to  unite  them  under  the  control  of  a  single  brakes- 
man ;  and  thirdly,  the  introduction  of  brake  apparatus  connected  with  the  buffers,  so  as  to  make 
the  momentum  of  the  train  itself  available  in  generating  a  retarding  force. 

M'ConnelTs  brake,  which  is  applicable  only  to  the  engine,  consists  of  two  wrought-iroui 
sledges,  each  48  in.  in  length  and  4  in.  in  breadth,  and  turned  up  at  the  ends.  These  sledges 
are  suspended  from  the  lower  side  of  the  fire-box,  between  the  driving  and  the  trailing  wheels  of 
the  engine.  The  pressure  is  placed  on  them  by  admitting  steam  from  the  boiler  into  two  cylin- 
ders, each  9  in.  in  diameter,  placed  hori2ontally,  one  on  each  side  of  the  fire-box,  above  the 
sledges,  and  forcing  these  latter  down  upon  the  rails  by  means  of  an  elbow-joint.  The  pressure 
can  be  applied  to  either  side  of  the  pistons  in  the  cylinders,  according  as  the  brakes  have  to  be 
raised  or  depressed.  The  pressure  of  the  sledges  upon  the  rails,  calculated  from  the  pressure  of 
the  steam  in  Yolland's  trials,  would  amount  to  about  6  tons.  On  the  weighing  machine,  however, 
the  actual  pressure  was  found  to  vary  from  4  tons  to  9  tons,  or  a  mean  of  about  7  tons  ;  and  these 
anomalies  Yolland  was  unbale  to  solve.  The  principal  advantage  of  this  brake  appears  to  be  that 
it  is  immediately  applied  without  exertion,  and  is  under  the  control  of  the  engine-driver,  who  in 
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although  efficiently  generated, 


i    brakU 


inaufficieQt   »re™*  •-  -  —— 

Newall's  and  Fay's  brakes,  which  in  their  present  condition  are  identical  in  principle  are 
distinguished  from  other  brakes  by  this-that  two  or  more  carriage*,  or,  if^eeesiarVtbiwhoI 
tram,  are  fitted  with  brake-blocks,  all  of  which  are  brought  under  tho  direction 
means  of  a  longitudinal  shaft,  which  transfers  the  motion  of  the  guard1-  wheel 
throughout  the  whole  length  of  the  train.    In  this  way  a  great  increase  of  rrtardinr  poWl 
be  obtained  proportional  to  the  weight  of  tho  carriages  to  which  brake,  are  applied,  w»d  with  ihu 
further  advantage,  that  the  retarding  force  is  distributed  equally  throughout  the  train,  instead  c 
being  accumulated  at  either  end,  and  thus  the  shock  U]N.H  th."  wheel*  and  axle*  U  morn  A^ 
mshed.     Bewail  and  Fay  have  also  adopted  a  partially  self-acting  apparatus  of  mrian.  DTMMM 
of  which  the  brakes  are  applied  throughout  the  length  of  the  train  on  the  tiuiple  rebate  of  »  fttafc 

In  Ne  wall's  brake,  the  motion  of  the  guard's  or  tho  engine-driver's  wheel,  since  either  or  both 
of  these  may  have  the  control  of  the  brakes,  is  transferred,  through  tho  m-diutn  of  a  abort  mtkml 
shaft  in  the  van  or  tender,  to  the  longitudinal  shaft  placed  beneath  the  carriageaof  the  train,  by 
a  pair  of  bevel-wheels,  or  by  a  spur-wheel  nnd  pinion.  The  longitudinal  bhafl  paeans  rllhiif 
beneath  the  centre  or  at  one  side  of  the  carriage,  under  the  framework  ;  and  it  U  cooneeted  ¥f 
simple,  but  very  effective,  jointed  couplings  between  each  pair  of  carriage*,  *o  M  to  permit  U*e 
free  action  of  the  buffers,  and  the  rise  and  fall  of  the  carriages  with  tho  inequalities  of  the  Ha», 
Near  to  the  middle  of  the  carriage  a  bevel-wheel  is  fixed  on  the  longitudinal  shaft,  which  k 
toothed  into  a  similar  one  on  a  short  cross-shaft,  carrying  aluo  a  spur-pinion  geared  into  a  hori- 
zontal rack.  Thus,  on  revolving  the  guard's  wheel,  this  rack  is  drawn  back,  withdrawing  at  the 
same  time  the  principal  arm  of  the  rock  ing-shaft,  at  the  centre  of  the  carriage,  and  rnaipieasiaf 
a  spring  placed  on  the  other  side,  to  both  of  which  the  rack  is  attached  by  a  dimple  connectiaf- 
rod.  In  this  position  the  brake-blocks  are  off  the  wheels,  and  the  brake  U  ready  lot  na*.  If  the 
bevel-wheel  or  pinion  m  the  guard's  van,  or  tender,  is  now  released,  or  lifted  out  of  gear  by  a 
lever  or  treadle,  the  springs  throughout  the  train  will  force  back  the  arm  of  the  rocking-«haft. 
which  carries  the  levers  that  press  the  brake-blocks  on  the  wheels.  If  it  U  required  to  pot  OB  the 
brakes  harder,  and  to  skid  the  wheels,  the  treadle  is  again  released  by  the  guard,  and  the  preseore 
increased  by  revolving  the  wheel  in  the  ordinary  way.  In  other  words,  Newnll  and  ray  pro- 
vide a  number  of  springs,  or  in  some  cases  weights,  under  each  carriage,  in  which  U  stored  up, 
ready  for  instantaneous  use,  a  stock  of  brake-power,  derived  from  the  one  guard  acting  throng* 
a  longitudinal  shaft,  communicating  with  every  brake  by  means  of  an  arrangement  of  spar-whorl* 


and  pinions.  From  this  it  will  be  seen  that  on  any  emergency  the  retarding  force  may  be  instantly 
employed  by  simply  releasing  a  catch,  which  permits  the  brake-blocks  to  be  farced  upon  the 
wheels  by  the  springs  throughout  the  train. 

In  the  class  of  brakes  in  which  greater  retarding  power  is  obtained  by  increasing  the  number 
of  braked  carriages  and  combining  their  action,  the  systems  just  described  appear  the  best  and 
most  comprehensive  hitherto  adopted.  Fairbairn  mentions  that  he  received  from  R  W.  Watkia 
the  details  of  some  experiments  on  an  auxiliary  brake  carriage  designed  upon  a  diuVivnt  plan.  la 
this  case,  an  ordinary  brake  arrangement  is  employed,  with  a  double  elbow-jojnt,  to  « 
vertical  lever  is  attached,  moving  in  an  arc  against  the  side  of  the  van.  A  roj>e  from  the  end  of 
this  lever  is  conveyed  to  the  tender,  or  the"  guard's  van,  and  in  attached  to  a  drum  on  the  alia  of  the 
ordinary  guard's  wheel.  Hence,  when  the  guard  or  the  fireman  revolve*  his  wheel  to  pot  KI  hi* 
own  brake,  the  rope  coils  upon  the  drum,  drawing  back  the  lever,  and  thus  putting  on  the 
auxiliary  brakes  at  the  same  time. 

Belonging  to  the  third  class  of  brakes  before  enumerated,  in  which  the  UMDenlBM 
itself  is  employed  in  generating  the  retarding  force,  there  U  only  the  brake  of  1 
is  entirely  self-acting,  and  is  brought  into  use  by  the  recoil  of  the  buffer-rod*,  when,  by  u 
cation  of  the  tender-brake,  a  retardation  has  been  cauw-d  in  front    Yolland  thus  do> 
brake  .-—The  buffer-rods  at  the  after  end  of  the  carriage  abut  against  »  spring  that  > 
its  width ;  one  buffer-rod  acting  against  each  end  of  the  spring.    This  spring,  in 
fixed  against  the  under-framing  of  the  carriage  or  the  brake-van,  is  movable  in  a  gro 
side  the  centre  of  the  spring  is  secured  to  the  draw-bar,  and  on  the  other  it  U  atU 
of  a  skort  lever,  fixed  almost  vertically  over  the  rocking-nlmft ;  MI  that  when  tli 
in  by  the  sudden  check  to  the  velocity— caused  by  shutting  off  the  »f-nm.  M  t 
tender-brake  in  front,  and  by  the  momentum  of  the  train  in  the  r< -nr -- ' 
forcibly  against  the  lever,  the  rocking-shaft  ia  turned,  and  the  l.rnke-blor 
peripheries  of  the  wheels.     The  brakes  are  prevented  fn.m  beiiiK  put  "ii  « 
to  be  shunted,  by  a  cross-head  or  stop.    But  this  provwion  interferes  will 
brakes  when  the  train  is  in  motion  at  a  low  velocity.    For  such  a  speed 
brake  will  be  sufficient.  ,.   j^i^, i_|_i  ..j 

These  are  the  brakes  upon  which  the  experiments  were  made,  ai 
classified.  .  .,     »»:«•«*<«•  ft  A* 

NewalPs  and  Fay's   Continuous  Brakes.— In  carrying  out  tUnim 

the  ft  st  place,  ror  ••jnej^wpj^ 


, 

Newall's  and  the  other  with  Fay's  brakes,  were  started  alternately 
distance  by  the  action  of  gravity,  the  brakes 


Lancashire  and  Yorkshire  Railway,  Fairbairn  arranged,  in  the  fl 
ments  on  the  Oldham  incline,  where  two  similar  trains  <«f  cni-nagi* 

started  alternately.    Afte 
were  appliod.  and  «•< 

trains  wero  respectively  brought  up  was  carefully  ascertained,  ai 
brake-power  of  the  trains.    Each  train  conHixted  of  three  t 
started  by  simply  releasing  a  stop.    Having  descended,  l.y  grnv 
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with  a  uniformly  accelerated  velocity,  they  passed  over  a  fog-si<}nal,  which  gave  notice  to  the  guard 
to  put  on  the  brakes.  Then  the  train  having  been  brought  to  a  stand,  the  distance  from  the 
point  at  which  the  train  stopped  to  the  /cw/-siV;mi/  was  measured  back,  and  Ihe  train  was  drajrired 
up  the  incline  for  another  trisil.  Unfortunately,  the  day  on  \vhidi  these  experiments  were  insult; 
proved  miflty  and  foggy,  with  rain  at  intervsils,  .-"  that  the  rail*  were  in  the  worst  condition  for 
facilitating  the  stopping  of  the  trains.  The  significance  of  this  fact  will  be  seen,  on  comparing 
these  results  with  later  ones  obtained  in  dry  weather. 

TABLE  I. — EXPERIMENTS  WITH  NEW  ALL'S  AND  FAT'S  RAILWAY  BKAKES  ON  THE  OLDHAM  INCLINE, 

FEBBUABY  6,  1859. 

Weather  foggy  and  wet ;  gradient  falling  1  in  27  ;  weight  of  trains,  26  tons  10  cwt.  each ; 

no  engine  attached. 


FAT'S  FLAP-BRAKES* 

NEWALL'S  SLIDE-BRAKES. 

Time  of  Running. 

Distance  Ron. 

Time  of  Running. 

Distance  Run. 

No. 

Before 

After 

Before 

After 

No. 

Before 

After 

Before 

After 

Braking. 

Braking. 

Braking. 

Braking. 

Braking. 

Braking. 

Braking. 

Braking. 

seconds. 

seconds. 

yards. 

yards. 

seconds. 

seconds. 

yards. 

yards. 

1 

35 

150 

153 

1 

35 

14 

150 

281 

2 

40 

13 

200 

250 

2 

40 

16 

200 

336 

3 

48 

14 

300 

360 

3 

48 

17 

300 

459 

4 

58 

15 

400 

499 

4 

56 

25 

400 

608 

5 

59 

12 

400 

326 

5 

56 

14 

400 

371 

6 

62 

25 

500 

739 

6 

62 

19 

500 

663 

7 

72 

17 

600 

575 

7 

68 

17 

600 

545 

•• 

•• 

•• 

•• 

•• 

8 

63 

32 

500 

798 

In  experiment  No.  8  the  self-acting  part  of  the  brake  only  was  employed. 

In  these  experiments  the  whole  of  the  wheels  were  sledged,  or  skidded,  before  the  train  was 
stopped.  The  self-acting  arrangement  of  springs  was  fitted  to  Newall's  carriage  alone.  In  the 
later  experiments  it  was  adopted  also  by  Fay. 

Taking  the  mean  of  the  number  of  seconds  required  in  braking  each  train,  in  experiments 
Nos.  2,  3,  4,  5,  6,  and  7,  which  were  made  under  precisely  corresponding  circumstances  in  the  case 
of  each  brake,  and  at  similar  velocities,  it  is  found  that  the  train  was  brought  to  a  stand : — By 
Newall's  brake,  in  2  •  16  seconds ;  by  Fay's  brake,  in  19  •  2  seconds ;  or  about  2£  seconds  of  time  in 
favour  of  Fay's. 

It  will,  however,  be  advisable  to  ascertain  the  precise  value  of  the  retarding  force  in  each  case 
by  the  formulae  already  given.  To  effect  this,  the  initial  velocity  of  the  train  at  the  instant  of 
applying  the  brakes  must  first  be  ascertained.  For  this  purpose  the  least  objectionable  formula 
and  at  the  same  time  the  most  simple  is 

"  =  T  B] 

for  taking  the  mean  velocity  between  o,  and  c  =  -  and  -  multiplied  by  t  second  =  the  distance 

s  ;   .-.    -  x  t  =  s ;  where  v  is  the  velocity  in  feet  per  second ;  s  is  the  distance  run,  in  feet ;  and  t 

I 

is  the  time  of  running,  in  seconds.     From  this  formula  the  following  initial  velocities  of  the  train, 
in  feet  per  second,  in  the  preceding  experiments,  are  obtained : — 


No. 
1 
2 
3 
4 


Fay. 
25-71 
30- 
37-50 
41-37 


NewalL 

25-71 

30- 

37-50 

42-85 


No. 
5 
6 
7 
8 


Fay. 
40-66 
48-38 
50- 


NewaU. 
42-85 
48-38 
52-94 
47-61 


W        26'  5 

Hence,  by  equation    [6],   since  in  this  case  —  =  5—^  =  1,  and  therefore  /  =/i,  and 

* 


-  - 


,  the  relative  values  of  each  description  of  brake,  and  their  comparative  efficiency 


in  each  trial,  may  be  derived.     The  retarding  force  of  each  brake  is  found  to  be  as  follows  :— 


No. 
1 
2 
3 
4 
5 
6 
7 


Fay. 
1-9115 
1-7922 
1-8432 
1-7645 
2-0280 
1-7205 
1-9167 


Mean  1-8538. 


NewalL 
1  3246 
1-6388 
1-7030 
1-6946 
2-0152 
1-7811 
2-0480 


Mean  1-7436. 


BRAKE. 


•    : 


The  brake,  stand/in 


formula  of  reduction. 

*heT£S^^ 

applying  the  brakes,  by  a  slip-coupling.     The  velod       v  i,  SSS*W  ^  Ia-Ml1  * 

half-mile,  was  measured  by  looting  the  time  required  to 

apart.     The  brakes,  in  every  trial,  were  applST  Sort  ' 

second  fog-signal,  and  the  distance  'was  meaLurS 


TABLE  ^-EXPERIMENTS  WITH  NEWALL'S  AND  FAY'S  RAILWAY  Biuna.  ojr  TM  Li. 
LIVERPOOL  AND  SOUTHPORT,  JASI  AKY  7,  18597 


Weather  fine  and  frosty  ;  gradient  rising  1  in  485  ;  weight  of  train*  26  ton.  10  ^t  ^^ 

FAT. 

NIWAU. 

No. 

Time  of 
Bu  lining 
i  Mile,  in 
Seconds. 

Speed,  in 
Miles 
an  Hour. 

Velocity, 
in  Feet, 
a  Second. 

Distance 

of  Pulling 
up,  in 
1  \ards. 

No. 

!  ••     .  • 
Running 

1  .\:       :. 

-  .  •  • 

Sperd.ln 

i   • 

-  :     ::     . 

• 

• 

"a? 

1 
2 
3 
4 
5 

42 
40 
34 
811 
30 

42-85 
45- 
52-94 
37-14 
60- 

62-86 
66- 
77-65 
83'81 
88' 

184 
206 
272 
313 
329 

1 

2 

31 
80 

M  dl      : 

GO- 
mother  -  xj 

.-- 

' 

i  i 

Engine  i 

ali  me    / 

SO 

60* 

88* 

• 

The  second  experiment  with  Newall's  brakes  failetl,  in  consequence  of  the  guard  applyfaw  th* 

brakes  too  soon  ;  and  a  third  was  lost  from  the  fracture  of  the  sli|>-c<>uplu)g. 

When  these  results  are  reduced  by  the  same  formula,  the  following  values  of/ 
the  efficiency,  or  retarding  force  of  each  brake,  axe  obtained : — 


No. 
1 
2 
3 
4 
5 


Fay. 
3-5125 
3-4579 
3-C274 
3-6738 
3-8566 


N 

4-97 


Mean  3-6256. 


These  experiments  give  a  superiority  in  favour  of  Ne wall's  brakes,  in  the  proportion  of  4 -9?  to 
3-6256,  or  as  1378  to  1000. 

The  value  of  the  retarding  force,  /,  for  the  tender-brake,  derived  from  the  lact  grMrimnt.  i* 
1-2791,  and  reducing  this,  in  proportion  of  the  weight  of  the  tender  t.-  t.  .lite  cagiM 

and  tender,  it  becomes/,  =  4 '3455. 

At  this  period,  Fay  requested  permission  to  attach  a  self-acting  appnnttiu  t<«  hU  tirak**,  M  to 
considered  they  were  not  fairly  matched  against  those  of  Newall,  when  applied  by  hand.  Tk« 
experiments  were,  therefore,  postponed  for  two  months,  to  euable  Fay  to  effect  tbic  altamtka. 
They  were  again  resumed  on  the  14th  of  April,  1859. 

TABLE  III. — EXPERIMENTS  WITH  NEWALL'S  AND  FAY'S  RAILWAY  DRAKES,  ox  THE  Lura 
LIVERPOOL  AND  SOCTHPORT,  APRIL  14,  1859. 

Weather,  dry  during  the  first,  with  a  slight  shower  during  tho  remaining  experiment*; 
gradient  falling  1  in  3453;  weight  of  trniim,  >'7  t«ii-  «•  <-«t 


FAT. 

MtWAU. 

No. 

Time  of 
Running 
^  Mile,  in 
Seconds. 

Speed,  in 
Miles 

an  I  lour. 

Velocity, 
in  h'cvt 
a  Second. 

Distance 
of  1'ulling 
up,  in 
Yard*. 

No. 

I  • 
I. 

i  i 

: 

Sp~J.la 
Mik. 

•< 

i 
.. 

"ST 

1 

2 

56^* 
53f 

31-8 
33-4 

46-7 
49-1 

121} 
124 

1 

58 

31 

«•* 

101 

»  Engine  attached  and  tcndcr-brmke  applied. 


3-4161  wit* 


Reducing  the  results,  as  before:  /,  =  3-2329  with  Fay's  brake;  /, 
brake  ;  /.  =  2-'J956  with  Fay's  brake  and  tender- brake. 

Here  the  superiority  lies  with  Newall,  in  tho  ratio  of  1056  to  10 
engine  attached,  when  reduced  in  the  ratio  of  the  weight  of  tho  Irain  to 
braked,  gives/,  =  4 -84. 

It  will  be  observed  that  aa  the  value  of  the  retarding  force  of  the  b 
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BRAKE. 


terms  of  the  coefficient  of  friction,  for  the  nibbing  surfaces,  the  efficiency  of  the  brake  varies  with 
the  condition  of  the  weather.  Thus  the  mean  of  the  Oldhain  experiments  gave  a  retarding  force 
of  1  •  7987  ft.  per  second ;  the  mean  of  the  first  experiments  at  Southport  gave  4  •  2978,  and  the  mean 
of  the  second  3'3245.  On  each  day  the  experiments  were  consistent  with  one  another,  but  they 
differed  widely,  on  different  days,  from  the  change  in  the  condition  of  the  rubbing  surfaces.  At 
Oldham,  the  experiments  were  made  with  the  rails  in  a  greasy  condition,  from  fog ;  at  Southport, 
in  the  later  of  the  two  trials,  with  the  rails  slightly  wet,  and  in  the  earlier,  with  rails  dry,  and  in 
the  best  condition  for  braking.  This  is  in  accordance  with  the  experiments  of  Morin  on  the 
friction  of  iron  on  iron,  in  which  it  was  found  that  the  coefficient  of  friction  varied  from  0-05  to 
0'3,  according  as  the  surfaces  were  greasy,  wet,  or  dry.  This  consideration  must  be  borne  in 
mind  in  estimating  the  results ;  and  together  with  some  improvements  in  the  adjustment  of  the 
brakes,  and  the  introduction  of  increased  power,  from  time  to  time,  will  explain  the  discrepancies 
which  may  be  found,  on  comparing  the  results  obtained  at  different  periods  of  the  trials. 

The  remaining  experiments  upon  the  self-acting  brakes  were  all  made  under  uniform  and 
favourable  conditions ;  the  weather  was  fine,  and  the  wind  blew  each  day  from  the  west  or  the 
north-west.  The  results,  also,  are  uniform  for  these  days,  and  there  can,  therefore,  be  no  error  in 
placing  these  experiments  in  the  same  Tables,  and  averaging  them  together  This  classification 
will,  therefore,  be  adopted  as  more  convenient,  and  they  will  be  arranged  under  the  following 
heads: — 

1.  Experiments  on  the  friction  of  the  carriages. 

2.  Experiments  with  slide-brakes,  with  the  engine  detached. 

3.  Experiments  with  flap-brakes,  with  th'e  engine  detached. 

4.  Experiments  with  the  engine  attached  to  the  train. 

Experiments  on  the  Friction  of  the  Carriages. — These  experiments  were  made  by  running  the 
train,  as  before,  past  two  fog-signals,  half  a  mile  apart,  to  obtain  the  velocity,  detaching  the  engine 
at  the  second  fog-signal,  and  allowing  the  train  gradually  to  come  to  rest. 

TABLE  IV. — EXPERIMENTS  WITH  NEWALL'S   AND  FAY'S  KAILWAY  BRAKES,   ON  THE  LINE 
BETWEEN  LIVERPOOL  AND  SOUTHPORT,  JUNE  2,  1859. 


Fay  
Newall 

Time  of 
Running  j  Mile, 
in  Seconds. 

Speed,  in  Miles 
an  Hour. 

Distance  run, 
after  applying 
Brakes,  in 
Yards. 

Time  of  Running, 
after  applying 
Brakes, 
In  Seconds. 

Height  fallen 
through  by  Train 
from  incliiiiition 
of  Line,  in  Feet. 

40- 
44-5 

45- 
40-45 

4840 
C380 

430 
780 

7-06 
13-91 

Keducing  as  before,  the  normal  friction  of  the  carriages,  /  =  /,,  is  found  to  be,  —  Fay, 
0-165G5;  Newall,  0- 10961  :  and  therefore /2,  or  the  friction  per  ton  weight  of  the  carriages,  is, — 
Fay.  11-527  Ibs.;  Newall,  7 '627  Ibs.;  mean,  9-577  Ibs. 

This  shows  that  there  is  a  considerable  difference  between  the  friction  of  the  two  sets  of 
carriages ;  and  a  small  correction  should  therefore  be  made,  in  the  reductions  of  the  experiments 
on  brakes,  in  favour  of  Newall,  if  perfect  accuracy  were  required.  The  correction,  however,  does 
not  exceed  one-sixtieth  of  the  retarding  force  of  the  brakes,  and  may  be  neglected  without 
appreciable  error.  These  experiments  were  made  with  carriages  fitted  with  slide-brakes,  and  the 
friction  of  those  with  flap-brakes  was  not  determined. 

In  an  experiment  recorded  in  Yolland's  Keport,  the  friction,  derived  in  the  same  way,  for  a 
train  of  carriages  fitted  with  Newall's  brakes,  and  attached  to  an  engine  and  tender,  amounted  to 
11 '4  Ibs.  per  ton.  This,  when  allowance  is  made  for  the  greater  friction  of  the  engine,  nearly 
agrees  with  Fairbairn's  results. 

Experiments  with  Slide-Brakes,  with  the  Engine  detached  from  the  Train. — The  following  experi- 
ments were  made  between  the  Birkdale  and  Amsdale  stations,  on  the  line  between  Liverpool  and 
Southport.  As  before,  the  engine  was  attached  by  a  slip-coupling  to  the  train.  At  the  quarter 
and  the  three-quarter  mile  posts  from  Amsdale,  fog-signals  were  placed,  and  the  time  of  passing 
between  these,  being  accurately  observed  by  stop-watches,  gave  the  average  speed  of  the  train. 
At  the  second  fog-signal,  the  slip-coupling  was  unfastened,  and  the  brakes  applied,  instantly  on 
hearing  the  report.  The  assistant,  Unwin,  and  other  persons,  were  placed  in  the  guard's  van,  to 
prevent  the  premature  application  of  the  brakes ;  and  others  on  the  engine  with  the  driver,  to  see 
that  there  was  no  change  of  velocity  in  passing  over  the  half-mile  in  which  the  speed  was 
observed.  The  line  where  these  experiments  took  place  rose,  for  500  ft.  from  the  first  fog-signal, 
with  a  gradient  of  1  in  1087,  and  then  fell  for  upwards  of  a  mile,  with  a  gradient  of  1  in  354: :.  a 
fall  so  slight,  in  the  short  space  in  which  the  trains  were  brought  to  rest,  that  it  cannot  appreciably 
affect  the  results ;  and  in  the  reductions  the  line  has  been  considered  as  level. 

The  trains  with  which  these  experiments  were  made  consisted  of  three  heavily-weighted 
carriages,  each  with  brakes  to  every  carriage,  except  in  the  two  last  experiments,  when,  in  con- 
sequence of  an  accident  to  one  of  Newall's  carriages,  the  trains  were  reduced  to  two.  The  carriages 
were  loaded  with  iron  rail-chairs,  so  as  to  weigh  9  tons  2  cwt.  each. 

The  power  of  these  continuous  brakes  was  well  exemplified  upon  the  18th  May,  when  Fay's 
guard  inadvertently  applied  the  brakes  whilst  the  train  was  running  at  a  comparatively  slow 
velocity ;  the  strong  coupling-hook  which  united  the  tender  to  the  guard's  vim  was  instantly 
snapped,  and  the  train  brought  to  a  stand. 


BRAKE.  |    ; 

TABLE  V.— EXPEBIMENTS  WITH  NEWALL'S  AND  FAY'S  SLIDE-BRATJM  AT  Sormrotr  MAT  1890. 


NEW  ALL. 


No. 

Time  of 
Running 
J  Mile,  in 
Seconds. 

Speed,  in 
Miles 

an  ilour. 

Velocity, 
in  Feet 
a  Second. 

Distance 
of  Pulling 
up.  in 
Yanls. 

No. 

Time  of 
i  Mile,  in 

fc  ife 

"•5S." 

an  How. 

33 

«f5£i 

&r 

2 

55 

32-72 

48- 

56| 

2 

51 

35  29 

1  1  '.'. 

M 

4 

49 

36-73 

53-87 

77 

4 

41 

•r:  .. 

M    .. 

M 

6 

«i 

failed 

5 

36 

60- 

•;  .    l 

129 

7 

41 

43-9 

64-39 

136 

6 

S3 

M'M 

80- 

H4 

8 

39 

46-15 

67-69 

140} 

7t 

33 

M-M 

SO- 

161  1 

9 

34 

52-94 

77-64 

205| 

9t 

47* 

:;:  v. 

vT 

10* 

33 

54-54 

80- 

192 

10: 

30 

60- 

SB- 

.  u 

lit 

38 

47-37 

69-47 

2f>0i 

1U 

30 

60 

SB' 

214 

12J 

33£ 

53-73 

78-8 

222 

.. 

.. 

,  , 

.  , 

13 

28i 

63-16 

92-63 

273 

•• 

•• 

fcft 

*  Self-action  only.  f  Brake*  not  applied  at  ib*  proper  UBH 

J  Train  consisting  of  two  carriages,  and  weighing  18  tons  4  cwt    In  the  other  eiperuixuU  titcrt  wcr*  UN* 

weighing  27  tons  6  cwt. 

Making  a  reduction  of  the  preceding  results,  the  following  values  of  /  =  /, ,  repH'Ontilg  the 
comparative  retarding  powers  of  the  brakes  in  each  case,  are  arrived  at : — 

Fay.  NewaU. 

7-9749 


7-0512 
6-9480 
7-4074 
6-5979 
5-3076 
6-3062 
6-0311 


Mean  6-7030. 


6-2813 
5-0810 

:•  an 

4-8929 
4-6625 
B'2888 

5-5555 


M    .:; 


In  this  case  the  brakes  of  Fay  exhibit  a  superiority  in  the  ratio  of  6-7030  to  5- 
1215  to  1000 ;  or  making  a  correction,  as  above  stated,  for  the  friction  of  the  rmrrugM,  U 
relative  efficiency  of  Fay's  and  Newall's  brakes  would  stand  in  the  ratio  of  6'5J 
1210  to  1000. 


Experiments  with  Flap-Brakes,  with  the  Engine  detached.— These  expenmenta,  Table  VL. 
in  precisely  the  same  manner  as  the  last,  the  trains  consisting  of  three  o*mag« 
each,  loaded  to  9  tons  2  cwt. 

TABLE  VI.— FLAP-BRAKES,  EXGDTB  DETACH*!*. 


FAT. 


KlWAU. 


No. 

Time  of 
Running 
}  Mile,  in 
Seconds. 

Speed,  in 
Miles 
an  Hour. 

Velocity, 
in  Feet 
a  Second. 

Distance 
of  Pulling 
up,  in 
Yards. 

No. 

Time  of 

UunninK 
|  M:K  i" 

-• 

8p««J,ln 

Mil-. 

•     1:     . 

r£&-  pjs; 

A-*j  7U 

1 
2 
3* 

35 
35 
32 

51-43 
51-43 
54-54 

75-43 
75  43 
80- 

158i 
1621 

184 

1 

2 
3* 

3C 

M 
85 

50- 
50 

i  i 

7383  l«| 
78-38  1  10 
75  43  I« 

•  Self-action  only. 


Beducing  the  results,  the  comparative  efficiency  i«:— 


Fay. 
5-9889 
5-8294 
5-7971 


Mean  5-8718. 


t  7560 

:  WTO 
1*9181 


M     •  -    : 


In  this  case  the  superiority  lies  with  Newall,  in  the  ratio  of  G'SIT*  to  5 

to  928. 


or  M  lilt 


possible  along  with  the  other  brakes. 
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TABLE  VII. — EXPEBIMENTS  WITH  NEWALL'S  AND  FAY'S  RAILWAY  BRAKES,  WITH  ENGINE  NOT 

DISCONNECTED   FROM   TRAIN. 

Weight  of  engine,  24  tons ;  weight  of  tender,  average  10  tons ;  weight  of  train,  27  J  tons ; 
weight  of  tank  engine,  30  tons. 


FAT. 

NEWALL 

No. 

Time  of 
Running 
i  Mile,  in 
Seconds. 

Speed,  in 
MUM 
an  Hour. 

Velocity, 
in  Feet 
a  Second. 

Distance 
of  Pulling 
np,  in 
Yards. 

No. 

Time  of 
Running 
4  Mile,  in 
Seconds. 

Speed,  in 
Miles 
an  Hour. 

Velocity, 
in  Feet 
a  Second. 

Distance 
of  Pulling 
up,  in 
Yards. 

1 

56i 

31-8 

46-7 

12H 

1 

53 

33-96 

49-81 

1244 

2 

53 

33-96 

49-81 

137 

2 

48* 

37-11 

54-43 

169* 

3 

43 

41-86 

61-39 

192* 

3 

43 

41-86 

61-39 

221 

4* 

35 

51-43 

75-43 

274 

•  Tank  engine. 

Reducing  these  results,  the  comparative  retarding  force  is  found  to  be : 
Fay.  NewalL 


2-9956 
3 -0184 
3-26G3 


Mean  3 '0934. 


3-3169 
2-9160 
2-8422 


Mean  3-025 


where  the  efficiency  of  the  brakes  is  almost  identical.    Fay  having  an  advantage,  in  the  ratio  of 
1022  to  1000. 

From  the  above  extended  and  somewhat  laborious  experiments,  the,  following  summary  oi 
results  is  derived : — 

TABLE  VIII. — GENERAL  SUMMARY  OF  RESULTS  OF  EXPERIMENTS  WITH  NEWALL'S  AND  FAY'S 

BRAKES. 


Average  Number  of 
Experiments. 

Average  Efficiency  of  Brakes. 

Fay. 

NewalL 

Fay. 

Newall. 

Oldham  Incline,  Table  I.   .. 
Southport     „          „     II.   .. 
„            „          „   III.   .. 

7 
5 
1 

7 
1 
1 

1-8538 
3-6256 
3-2329 

1-7436 
4-9700 
3-1416 

8 

8 

6-7030 

5-4984 

VI 

3 

3 

5-8718 

6-3272 

„            „           „   VII.    .. 

3 

3 

3-0934 

3-0250 

The  general  average  from  this  Table  gives,  for  the  efficiency  of  Fay's  brakes,  4  •  0634,  and  for 
that  of  Ne  wall's  4-1650,  showing  a  slight  superiority  in  favour  of  the  latter. 

The  following  conclusions  seem  borne  out  by  these  experiments : — 

1st.  That  with  slide-brakes  the  greater  number  of  experiments  gave  a  manifest  superiority 
to  Fay's. 

2nd.  That  with  flap-brakes  there  was  a  decided  advantage  on  the  side  of  Newall. 

3rd.  That  when  the  train  was  braked,  with  the  engine  attached,  the  results  were  uniform ; 
neither  Fay's  brakes  nor  Newall's  gaining  any  decided  superiority. 

During  the  whole  of  these  trials  there  was  a  strong  feeling' of  rivalry,  which  rendered 
necessary  the  greatest  caution,  in  order  to  prevent  any  interference,  which  might  modify  and 
vitiate  the  results.  To  reconcile  these  differences,  and  to  obtain  correct  returns,  Unwin  was 
employed  to  take  charge  of  the  train,  and  to  see  that  the  brakes  were  applied  at  the  right  time ; 
also  to  register  the  velocity  of  the  train,  and  the  distance  of  pulling  up,  during  each  experiment. 
There  is  therefore  every  reason  to  believe  that  the  results  recorded  are  a  strict  expression  of  the 
efficiency  of  the  brakes,  at  their  respective  times  of  trial. 

YoUaruTs  Experiments  with  Newall  and  Fay's  Railway  Brakes.— It  may  be  interesting  to  compare 
with  these  results  the  earlier  experiments  obtained  by  Colonel  Yolland,  on  the  same  class  of 
brakes,  and  under  somewhat  similar  conditions  of  trial,  as  detailed  in  his  Report  to  the  Board 
of  Trade,  dated  the  12th  June,  1858.  These  results  do  not  appear  to  have  been  reduced,  hitherto, 
to  any  common  standard  of  comparison.  But  as  they  embrace  a  wider  range  of  circumstances  of 
gradient,  weather,  weight,  &c.,  than  in  Fairbairn's  experiments,  they  will  instructively  test  the 
method  of  reduction  employed. 

In  the  experiments  on  the  Accrington  incline  the  trains  weighed  72  tons  each,  and  consisted 
of  six  weighted  carriages,  used  in  all  the  experiments,  and  of  three  carriages  fitted  with  Newall's, 
and  three  with  Fay's  brakes,  respectively,  and  employed  alternately.  The  required  velocity  was 
obtained  by  permitting  the  carriages  to  descend  a  distance  of  from  three-quarters  of  a  mile  to  a 
mile  along  the  incline,  which  falls  at  the  rate  of  1  in  38  to  1  in  40.  The  initial  velocity  at  the 
instant  of  applying  the  brakes  was  ascertained  by  observing  the  time  required  to  traverse  the 
quarter  of  a  mile  immediately  preceding ;  and  the  mean  velocity  over  this  distance  is  used  in 
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•  - 


iniual  velocity  ot 


No. 

Velocity,  in  Feet 
a  Second. 

Gradient  falling  -  . 

Dbtanmof 

.  *-*. 

2 
3 

69-47 
52-8 

—  lin  39 
—  lin  39 

1081 

777 

Heavier  Into. 

4 
5 

Newall     ..    < 

48-9 
28-7 

—  1  in  39 
—  1  in  40 

822 
414 

Th». 

6 

69-47 

—  lin  39 

1114 

nMtOOOUJLWlIU 

7 

62-86 

—  1  in  40 

UUM. 

9 

'                        \ 

30-7 

-  1  in  39 

HI 

4 

10 

Fay  .. 

60- 

—  lin  39 

928 

Reducing  the  results  in  Table  IX.,  the  retarding  force  la : 

Newall. 


0275  - 

4233 

3102 

1363 

5285 

3705 

1700 


Fay. 

1-4754 


Mean  1-3231. 


It  will  be  remarked  that  in  these  experiments  the  brakes  were  applied  to  a  nut  of  tbe  train 
only.  Hence,  for  comparison  with  the  Southport  experiments,  a  reduction  mtut  be  nuoV,  to  tbe 
condition  of  trains  with  brakes  throughout,  by  the  formula  [6]  already  explained  in  that  w»y, 


The  retarding  force  in  terms  of  the  mass  of  the  carriages  actually  braked  it:  — 

Newall.  Kay. 


3-7955 
3 '4940 
3-0301 
4-0759 
3-6547 
3-1200 


:;  Mtf 


Mean  3 -5516. 


Showing  an  advantage  to  Fay  in  the  ratio  of  1107  to  1000.    Bat  a  oomparumi  U  bm  anurvlr 
fair,  seeing  the  disproportion  in  the  number  of  experiments  with  each  brace. 

TABLE  X. — EXPERIMENTS  ON  THE  ACCRINOTON  INCLINE,  WITH  NEWALL'S  AJTD  F*Y'« 
FEBBUABY  28,  1858.    Weather  misty. 


No. 

Velocity,  In  Feet 
a  Second. 

Gradient,  (ailing  -  . 

DUUactof 
BtUinc.  to  YaM.. 

_ 

11 

j 

66- 

-     in  39 

13 

62-86 

—     in  39 

laoe 

16 
17 
12 

|  Fay      ..      .. 

50-77 
35-67 
60- 

-     in  39 
—     in  40 
-     in  89 

1070 
492 
2142 

ThfW  cmtiow 
brah* 

14 
15 

Newall 

60- 
50'77 

-     in  39 
-     in  39 

I7M 

H50 

18 

69-47 

—     in  132 

T       :    •               :•. 

The  results  in  Table  X.  show  that  the  mean  of  the  retarding  force  tar- 
Fay.  Newall. 
1-178    }  1  105 
1-221  1-U.7    >    Mean  1-131. 
1-227         Mean  1-220.  ,.122 

1-257    J 


Or  with  brakes  throughout : — 


Mean  3 -255. 


•j  Ha 

8  112 


Mom  3-017. 


Giving  a  slight  advantage  to  Fay,  in  the  ratio  of  1070  to  1000. 


COG 


BRAKE. 


TABLE  XI.— EXPERIMENTS  WITH  NEWALL'S  BRAKES,  BETWEEN  LITEBPOOL  AND  PRESTON, 

FEBRUARY  22,  1858. 

Train  of  carriages  weighing  83  tons  18  cwt. ;  engine,  29  tons  2  cwt. ;  tender,  13  tons  4  cwt. 


No. 

Velocity,  In  Feet 
a  Second. 

Gradient,  rising  +, 
falling  -. 

Distance  of 
Braking,  in  Yards. 

Remarks. 

1 
2 
3 

57-39 
48-88 
66-00 

-  1  in  135 
—  1  in  180 
+  1  in  135 

285 
208 
206 

(Tender   and  six 
brakes. 

4 

Newall    ..    < 

45-52 

+  1  in  168 

246 

{Tender  and  self- 
action    of    six 

brakes. 

6 

57-39 

—  1  in  150 

276 

"1  Tender   and   six 

7 

}                         *> 

48-88 

—  1  in  130 

204 

/      brakes. 

/    =  2-]65 

/    =  2-095 

Eeducing  as  before,  these  data  give        

/    =  3-285 

Mean  2-390; 

/    =  2-204 

/    =   2-201 

/,   =  4-304 

or,  reduced  in  the  ratio  of  the  weight  on  the  wheels 
braked  to  the  weight  of  the  train  

/,   =  4-164 
/,   =  6-530 
/,   =  4-381 

Mean  4-671. 

/,   =  4-375 

This  agrees  with  the  value/,  =  3-5516,  obtained  in  the  first  experiments  at  Accrington,  with 
the  rails  dry,  and  is  in  excess  of  the  value  /,  =  3 '017,  obtained  with  the  rails  wetted  by  the  mist. 
For  experiment  No.  4,  with  the  self-action  of  the  brakes  alone,/  =  1*211,  or  about  one-half 
the  full  brake-power. 

TABLE  XII. — EXPERIMENTS  BETWEEN  PRESTON  AND  LIVERPOOL,  WITH  NEWALL'S  EAILWAT 
BRAKES,  FEBRUARY  22,  1858. 

Weight  of  train,  101  tons  If  cwt.  ;  weight  on  brakes,  71  tons  19J  cwt. 


No. 

Velocity,  in  Feet 
a  Second. 

Gradient,  rising  -|-  , 
falling  -  . 

Distance  of 
Pulling  up,  in 
Yards. 

Remarks. 

S 

10 

11 

Newall    .. 

73-33 
57-39 
44- 
60- 

0 

+  1  in  402 
0 
—  1  in  120 

196 
130 
107 
167 

!  Tender  and  seven 
continuous 
brakes. 

Eeducing  these  results 

j 

/    =  4-567     } 
f    =  2-975 
/    =  3-015     [ 
/    =  4-118    J 

Mean  3  -668; 

i 

or,  when  the  train  is  braked  throughout      

/,   =  6-406     1 
/,   =  4-173 
/,   =  4-229 
/,  =  5-776     J 

Mean  5  -146. 

This  would  seem  to  indicate  that  the  brakes  act  more  efficiently,  the  more  nearly  they  are  applied 
throughout  the  whole  train. 

TABLE  XIII.  —  EXPERIMENTS  BETWEEN  LIVERPOOL  AND 
FEBRUARY  23,  1858 

PRESTON,  WITH 

NEWALL'S  BRAKES, 

No. 

Velocity,  in  Feet 
a  Second. 

Gradient,  rising  -f-  , 
falling  -. 

Distance  of 
Pulling  up,  in 
Yards. 

Remarks. 

1 

2 

/ 

77-65 
73-33 

-  1  in  204 
0 

314 
179 

|  All  the  brakes. 

3 

52-8 

0 

183 

All  but  the  tender. 

4 

73-33 

—  1  in  132 

227 

5 

1   Newall     ..    < 

66- 

+  1  in  135 

189 

6 

7 

73-33 
62-86 

0 
—  1  in  150 

249 
208 

1  All  the  brakes. 

8 

44- 

—  1  in  700 

138 

9 

• 

77-65 

—  1  in  120 

235 

BRAKE. 


•     ' 


(  J    -  3-3581  1 

/    =  5-0088 

|    /    =  3-7041 

J:i'S5   M-«"» 

/    =  2  9516 

/    =  2-2921 

\  f    -  4-Od-l 

.   /,  =  3-9660  v 

/,  =  5-9130 

or,  when  further  reduced  in  the  ratio  of  the  weight  of 
the  whole  train  to  the  weight  on  the  wheels  braked  .  . 

/,   =  4-3745 
{    /,   =  4-8181    }    Mrw.4 
/,  =  4-2506 

/,  =  3-4858 

>  /,  •  4-7335  t 

The  preceding  results  obtained  by  Yolland  are  as  follows  :  — 

Fay. 

New»ll. 

Engine  detached    /     3!^*     '" 

..        3*5516        Dry. 
3-017          V*   : 

|     4-671     ) 

Engine  attached    : 

..   {    5-146         Mean  4  774. 

4-505 

TABLE  XIV.— EXPERIMENTS  WITH  M'COXNELL'S  STEAM  SLEDGE-BRAKE,  BOTTODC  Bummer  un 

OXFORD,  JANUARY  19,  1858. 

The  engine  weighed  29  tons;  the  tender,  14  tons  10  cwt. ;  the  carriage*,  102  torn  9  cwt.;  tto 
guards'  vans,  10  tons  4f  cwt. :  steam-sledges  assumed  at  7  too*  2  cwt. 


No. 

Velocity,  in  Feet 
a  Second. 

Gradient,  rising  +  , 
falling  —  . 

THcUaceaf 

r-.i  •  .•  .;    i 

Yanta. 

RnMrto. 

1 

27-5 

+  1  in    150 

430 

N 

2 

32-19 

+  1  in    142 

285 

Rttitim  and  fsairiV. 

3 

19-35 

+  1  in    142 

163 

Guard'*. 

4 

52-8 

-  1  in   214 

590 

All. 

5 

60- 

-  1  in    149 

870 

-:     •       •:•.-:• 

6 

48-88 

-  1  in   209 

673 

All. 

7 

36  '67 

-  1  in  1430 

Ml 

Steam. 

g 

55- 

—  1  in    163 

Ml 

AU. 

9 

M'Connell's 

55- 

0 

763 

•j     ':-.•;       •    • 

10 

steam-brake. 

57-39 

0 

1320 

BtMUB. 

11 

52-8 

-  1  in  2211 

496 

AIL 

12 

60- 

0 

540 

AIL 

13 

55- 

+  1  in  2211 

345 

All. 

14 

47-14 

0 

538 

TVodcr  and  fr-aati-T-L 

15 

47-14 

-  1  in   452 

Ml 

All. 

16 
17 

62-86 
57-39 

+  1  in    163 
0 

Ml 

AIL. 

i     ;  -      ;       •   • 

18 

55  • 

+  1  in   209 

1194 

Steam. 

Reducing  these  results  :  — 

No. 

2     .. 

/  =  0-03793 

3     .. 

/  =  0-01562 

4     .. 

/  =  0-93791 

5     .. 

/  =  0-90567 

6     .. 

/  =  0-74567 

7     .. 

/  =  0-38224 

8     .. 

/  =  0-77041 

9     .. 

/  =  0-66076 

10     .. 

/  =  0-41586 

No. 
11 
12 
13 
14 

16 


/  a 
/  • 
/  = 
/  * 

/  « 
/ 


0-99877 
1  HIM 
1-41800 

0  «UM 

1  01560 
0-78890 


/  *  0-81379 
/  .  0-41H4 


Separating  those  experiments  which  were  made 


takiaf  U*  MM  < 


Forth 

» 
n 

• 
»» 
« 

..      ..    / 

.  1  1  .• 

,.  MM 
g  t  .-i 
,,  MR 
1  RM 

,.  .  n:« 
I  (Ml 

::  ..  / 

steam  and  tender  brakes 
steam  and  guard's  brakes 
guard's  and  tender  brakes 
guard's,  stenm,  and  tender  brakes 

hi 

608 
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These  numbers  represent  the  actual  proportion  of  the  brake-power  supplied  in  the  experiments 
by  each  brake  or  set  of  brakes.  The  efficiency  of  the  brakes  in  relation  to  the  weight  upon  them 
is: — 

For  the  guard's  brake         /,  =  2-2268 

„      tender-brake /,  =  5-0216 

„      steam-brake /,  =  9-1176 

.,      steam  and  tender  brakes       /t   =  6-1197 

.,      steam  and  guard's  brakes     /,   =  3-1930 

„      guard's  and  tender  brakes /,   =  3 '801 4 

„      guard's,  steam,  and  tender  brakes      . .      . .     /,   =  4  •  4365 

This  shows  that,  in  proportion  to  the  weight  upon  it,  a  sledge-brake,  which  can  be  applied 
instantly,  acts  most  efficiently. 

Colonel  Yollarufs  Experiments  with  M.  Guerin's  Self-acting  Brake. — The  train  in  the  first  four  expe- 
riments consisted  of  an  engine,  tender,  and  nineteen  carriages,  two  being  fitted  with  M.  Gue'rin's 
brakes.  The  total  weight  of  the  train  was  151-88  tons.  In  the  remaining  experiments  two 
ordinary  brake-vans  were  substituted  for  M.  Gue'rin's,  the  total  weight  being  then  152-8  tons. 

TABLE  XV.— EXPERIMENTS  BETWEEN  ERITH  AND  WOOLWICH,  AUGUST  27,  1858. 


No. 

Velocity,  in  Feet 
a  Second. 

Gradient,  rising  +  , 
foiling  —  . 

Distance  of 
Pulling  up,  in 
Yards. 

Remarks. 

1 
2 
3 
4 

)M.  Gue'rin's   1 
brakes.        j 

50-78 
62-86 
57-39 
45-52 

—  1  in  912 
0 
0 
+  1  in  912 

597 
738 
552 
395 

Tender  and  two 
Gue'rin  brakes. 

5 
6 

7 
8 

(Ordinary 
brake-vans,     j 

48-57 
66- 
50-77 
52-8 

—  1  in  912 
0 
0 
+  1  in  912 

359 
593 
521 
510 

1   Tender  and  two 
ordinary  brakes. 

Reducing  these  results : — 
M.  Gnerin's  Brakes. 
0-075488     } 
0-089238 
0-099445 
0-083898 


Mean  0-0870. 


Ordinary  Brakes. 
0-11300     ) 
0-12243 
0-08245 
0-08757 


Mean  0-1013. 


From  these  experiments,  M.  Guerin's  brakes  appear  to  be  less  efficient  than  two  equally  heavy 
brake-vans  of  the  ordinary  description,  when  used  in  conjunction  with  a  tender-brake,  in  the  ratio 
of  1165  to  1000. 

The  value  of  /,  for  the  mean  of  these  experiments  gives : — 

For  M.  Gue'rin's  brake 0-5169 

„   the  guard's  ordinary  brake 0  •  5874 

We  do  not  pretend  to  know  the  reason  why,  but  Guerin's  brake  gave  better  results  when  tried 
in  France. 

Experiments  with  Ingram's  Auxiliary  Brake,  on  the  Manchester,  Sheffield,  and  Lincolnshire  Railway. — 
When  these  experiments  were  made,  the  weather  was  bad,  rain  falling  the  whole  time.  The  train 
weighed  124  tons  \  cwt. ;  the  tender,  17  tons ;  the  carriages  to  which  Ingram's  brake  was  applied, 
25  tons  17±  cwt. 

TABLE  XVI. — EXPERIMENTS  WITH  INGRAM'S  BRAKES,  OCTOBER  18,  1858. 


No. 

Velocity,  in  Feet 
a  Second. 

Gradient 

Distance  of 
Pulling  up,  in 
Yards. 

Time  in 
Stopping,  in 
Seconds. 

3 
3 
4 

!      Ingram's 
brake. 

46-9 
44-0 
51-3 

1  in  124 
1  in  124 
1  in  133 

870 
795 
768 

90 
77 
65 

7 
9 

|      Tender     ..   { 

54-2 
46-9 

1  in  120 
1  in  120 

1320 
1152 

134 
114 

Reducing  these  results,  on  the  assumption  that  the  gradients  were  all  falling  ones : — 
Ingram's  Brakes.  Tender-Brakes. 

,   0-68096  )  0-fiqq21   1 

/  =   {  0-66545   }  Mean  0-7217.  0-58646  }   Mean0'6128- 


0-81870- 

Hence, /2  =  with  Ingram's  brake      ..      .. 3-4619 

the  tender-brake 4-4712 

Ingram's  brake  thus  showing  a  somewhat  less  efficiency  than  the  tender-brake. 


BRAKE. 


It  should  be  here  observed  that  the  work  employed  to  more  a  body  orer  a  horinoUl 
added  to  the  work  due  to  the  gravity  in  elevating  the  body  a  vertical  height,  u  the  mm 
employed  in  moving  the  body  on  a  curve  joining  the  extreme  pointa,  sine*  a  carve  may  be  wp- 
posed  to  be  made  up  of  a  number  of  straight  lines:  hence  tin-  uniform  work  upon  the  whole  mrv* 
will  be  equal  to  the  uniform  work  done  upon  the  horizontal  projection,  added  to  the  work  done  t» 
opposition  to  gravity  in  raising  the  body,  no  matter  what  form  be  given  to  the  path  deaerttwd. 

Reduction  of  the  Retarding  Force  to  Units  of  the  Weight  of  the  Brake  Carriaget. — In  the  prwedittff 
reductions  it  was  found  most  convenient  to  know  the  retarding  force  in  term*  of  M)  ma*  of  (be 
train.  For  practical  purposes,  however,  it  is  convenient  to  state  the  retarding  f«crw  in  Urae  of 
the  weight  upon  the  brake  carriages,  and,  to  'be  guided  by  precedent  in  thia  matter,  it  MM  be*4 
to  statelihe  retarding  force  in  pounds  to  the  ton  weight  on  the  braked  wheela,  that  ia,  ID  UttMM 
terms  as  the  normal  friction  of  the  train  is  usually  stated.  Calling,  therefore,  /.the  mean  r«M> 
ance  in  pounds  a  ton,  in  the  moving  mass  of  all  the  forces  tending  to  deetroy  motion,  of  vhioh  th« 

principal  is  the  friction  of  the  brake,  then  /,  =  /,  x  ^Tjg  =  69-S87/,. 


V  '.!  .-  1 


ORDINARY  BRAKES. 

Retardation,  in  It*  a  ton. 
on  Wheels  Braked. 

Guard's  van 154-9     ..      . 

Tender-brake         

Tender  and  guard's  brakes  ,.      ..     264*5     .. 

Tender-brake         811*0     .. 

All  the  above  results,  with  the  exception  of  the  last,  were  obtained  in  dry  weather. 
Tender-brake         302-4     ..      ..     Fairbaira. 


M.  8.  and  L.  Railway. 


Tables. 
I. 

m. 
ii. 
v. 

IV. 
IX. 

x. 

XI. 

XII. 

XIII. 


Slide-brakes  (wet  and  foggy) 
(slightly  wet)  . 
(dry  and  frosty) 
(dry  and  warm) 

Flap-brakes  (dry  and  warm) 

(dry)  

(misty)  . .  . 

(dry)   

(dry)   ..      .. 

(dry) 


NEWALL. 

Mean  Retarditut  Fore*.  In  UM. 
a  ton  weight,  of  Braked  Owrt»»c* 


121-3 
237-7 
845-8 
882-6 
440-3 
247-1 
209-7 
825-4 
858-9 
813-5 


Fairbairn 


Y 


:-.-,.•      . 


The  mean  of  the  experiments  from  Tables  II   IV.,  and  V. ri  "•gf"}'*1^  jj 


FAT. 


Tables. 
I. 
III. 

aw 

Flap-brakes  (wet  and  foggy) 
,,         „      (slightly  wet)   .. 

•   • 

us  v* 

129-0 
224-9 
252-S 

II. 

"         "      /i\  " 

408-6 

IV. 

V. 

Slide-brakes  (dry)  .. 
/•jrv\ 

.     .. 

466*4 

J73-7 

IX. 
X. 

"      "    >  ^u  ;' 

„      (misty) 



«••» 

r,  •     - 


There  the  maximum  retardation  amounts  to  4fifl -4 ,  Iba.  •  t« 
of  the  braked  carriages.    The  mean  of  Table    II.,  I 
ton. 


Y       . 

tm***'*nfi*f* 


™***5r     ^^St.  -•-  .^ 
»"!*^.^2^"i 


Table  XIV. 

Guard's  van      • 

Tender-brake    ..      ..      •• 

Bteam-brake     

Steam  and  tender  brakes 
Steam  and  guard's  brakea 
Guard's  and  tender  brakea 
Guard's,  steam,  and  tender  brakea 


!    ;    • 
St'.i   • 

.     t    < 


.    > 
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These  reductions  seem  to  show  that,  in  proportion  to  the  weight  upon  it,  the  sledge-brake  is 
more  efficient  than  any  brake  applied  to  the  wheels.  Of  course  it  is  not  asserted  that  the  sledge- 
brake  could  be  employed  in  lieu  of  the  present  arrangement ;  but  that  it  renders  useful,  in  retard- 
ing the  train,  a  larger  proportion  of  the  weight  on  it. 

M.  GUERTN'S  BRAKE. 

Mean  Retarding  Force,  to  Ibs. 
Table  XV..  a  ton,  on  Brake  Carriages. 

M.  Gue'rin's  and  tender  brakes    ..      ..       35-9     ..      ..     Yolland. 
Ordinary  van  nnd  tender  brakes         . .       40  •  8     . .      . .  „ 

Both  these  brakes  were,  for  some  reason,  acting  inefficiently. 

INGRAM'S  BRAKE. 

Mean  Retarding  Force,  Iri"lbs. 
a  ton  weight,  of  the  Carriages 
Table  XVI.  Braked. 

Ingram's  and  tender  brakes 240 '9     ..      ..     M.  S.  and  L.  Railway. 

GENERAL  SUMMARY. 

Ratio  of  Weight  on  Brakes,  to 

Retarding  Force  generated  by  them, 

or  Mean  Coefficient  of  Friction  for 

each  Brake. 
Newall's  (dry)  )  (  from  0  1544  to  0-1965 

„        (wet)   [     TJV,,.,!,,,.—  0-0542 

Fay's       (dry)  |  lirn     j  from  0-1126  to  0-2082 

„        (wet)  J  0-0576 

Newall's  (dry)  \     v«no«^  /  0-1116 

Fay's       (dry)  /     YoUand       "      "\  0-1020 

Ingram's  (wet)     0-1075 

Gue'rin's  (dry)     0-01048 

M'Connell's  steam-brake 0-28325 

That  is,  the  retarding  force  generated  by  these  brakes  varies  from  -^  to  ^  of  the  weight  of 
the  carriages  to  which  brakes  are  applied,  and  is  ordinarily  from  -fa  to  £. 

This  agrees  very  well  with  the  deductions  from  experiments  on  the  friction  of  metal  on  metal, 
which  give  for  smooth  surfaces  a  coefficient  varying  from  0'15  to  0'2,  or  nearly  identical  with  the 
best  experiments  above  reported. 

Formulas, — To  find  the  distance  on  a  level  line  required  to  bring  a  train  to  a  stand  by 
braking: — 

Let  s  =  the  distance  of  pulling  up,  in  yards ; 

v  =  the  velocity  of  the  train,  in  feet  per  second ; 
w  =  the  weight  on  the  braked  wheels,  in  tons  ; 
W  =  the  total  weight  of  the  train,  in  tons ; 
6  =  the  inclination  of  the  incline  to  the  horizon,  if  the  train  is  on  a  gradient,  so  that  if  the 

incline  rises  1  ft.  in  x  ft.,  then  sin.  0  =  — ; 

x 

g  =  the  action  of  gravity  =  32  •  19. 

v2 
Then,  if  the  train  is  braked  throughout,  and  on  a  level  line,  s  =  — —  ;  and  if  brakes  are  ap- 

*     w  7l 

plied  to  a  part  of  the  train  only,  s  =  — —  x  —  ;  or,  if  the  train  is  on  an  incline, 

b/i       w 

v*  W 

~6/,  db  617  sin.  0X  »"' 
wtere  the  +  or  —  sign  is  to  be  taken,  according  as  the  incline  falls  or  rises. 

The  value  of  the  coefficient  /,  must  be  selected  from  the  Tables  of  Experiments  already  given, 
that  coefficient  being  selected  which  was  obtained  under  circumstances  most  nearly  approaching 
those  of  the  case  to  be  determined. 

Thus,  if  the  trains  are  stopped  by  the  friction  of  their  bearings,  and  so  on,  without  the  appli- 
cation of  brakes,  ft  =  0- 13  (mean),  and  6  /,  =  0'78. 

If  the  brakes  are  ordinary  guard  and  tender  brakes,  applied  together,  /t  =  4,  and  6  /,  =  24, 
approximately. 

For  brakes,  such  as  Newall's  and  Fay's,  acting  with  maximum  efficiency,  /,  =  5-5  to  6 -5,  and 
6/,  =  33-0  to  39-0. 

Thus,  supposing  it  is  required  to  ascertain  the  distance  in  which  a  train  weighing  60  tons, 
with  brakes  to  20  tons  weight  of  the  carriages,  would  be  brought  to  rest,  in  ascending  an  incline 
of  1  in  27,  at  a  velocity  of  60  ft.  a  second ;  then  taking  /,  =  4, 

v2  W  (60  x  60)  60 


6/,  +  60sin.  0      w      6  X  4  +  6  X  32-19  x^-      20 

If  the  rails  are  wetted  by  rain,  the  value  of  the  coefficients  given  above  must  be  taken  at  one- 
third  less,  and  if  greasy,  their  value  may  be  reduced  by  as  much  as  one-half  or  three-fourths. 
It  is  convenient,  in  some  cases,  to  estimate  the  braking  power  in  time  rather  than  in  distance. 
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Now,  theoretically,  putting  *  =  the  time  of  braking,  in  seconds,  then  t  =  -  .  In  practice  this  doe* 
not  hold  strictly  true;  hence  t  =  -  -  *,  where  x  is  a  constant  to  be  derived  from  the  experi- 
ments; /.  x  •• 


-. 
Now,  froin  the  Oldham  experiments  :  — 


For  Fay's  brakes        ........     *  =  8,  6,  8,  8,  3,  8. 

For  Newall's  brakes  ........     *  =  4,  2,  5   0   7   8.  9 

Hence  mean    .......     1  =  5*4' 


The  above  formulas  will  be  found  sufficient  for  the  purpose  of  ascertaining  the  anvwnt  of 
brake-power  required  to  arrest  the  motion  of  any  train,  within  stich  a  <M«frHK>B  M  may  b«  eonsi- 
dered  safe  by  the  railway  company,  or  by  the  engineer;  or  in  any  given  CMC,  to  drterainr  tit* 
distance  within  which  a  train  of  any  required  weight  may  bo  stopj>ed  when  travelling  at  any 
velocity. 

Steam-Brakes.  —  During  the  last  few  years  engineers  have  undertaken  to  constrnct  railway  *—  hrt 
which  would  act  more  effectively  than  those  |irfvi<-u>ly  u>.  .1 

fections  of  the  apparatus  and  of  plans  for  effecting  the  retardation  or  stopping  of  train*.  Ha 
knows  further  how  urgent  the  demand  for  such  means  is  ;  the  more  ao  as  it  is  de*b»blt  In  uk- 
away  from  the  tender  as  much  weight  as  possible,  and  strengthen  and  lighten  the  engine  by  an 
extended  application  of  steel,  so  that  the  tender  may  carry  more  fin  1  »n<l  i*«.  d-water.  wlthsul  in- 
creasing the  total  weight  of  the  engine  and  loaded  tender,  or  diminishing  the  power  of  1hr  engine. 

we  rHarttin*    nimai 


Independently  of  these  considerations,  it  is  generally  acknowledged  that  we  retarding 
ought  to  proceed  from  the  same  parts  of  the  mechanism  which  transfers  the  propelling  power,  and 
that  a  properly  constructed   brake  ought  to  be  operated  by  the  accumulated  fore*  wbm 
required  to  propel  the  train.   With  those  considerations  in  view,  nun 


,  numerous  expi 


plans  tried ;  however,  applicable  and  satisfactory  results  were  not  obtained. 

A  correct  investigation  will  show  the  error  of  providing  for  the  carriage*  or  wagon*  a  separaU 
brake-mechanism,  even  should  the  power  to  operate  such  mechanism  be  taken  from  UM  locomotive 
boiler.  With  locomotives,  however,  means  must  be  found  which  will  not  only  alkiw  o*  to  *eeaa»a» 
late  a  sufficient  retarding  force  in  the  boiler,  but  which  will  also  give  us  the  power  to  regwlal*  lU 
application  and  intensity,  so  as  to  destroy,  gradually,  the  work  conserved  in  the  train  sad  doe  I* 
the  weight  of  the  train  and  its  uniform  velocity.  At  the  same  time  the  mean*  provided  moat  bar* 
the  power  to  diminish  by  degrees,  and  ultimately  to  reverse,  the.  tractive  power  of  UM  engia*. 

We  propose  to  examine  the  four  following  systems  of  steam-brake*,  namely : — 

1.  The  reversing  of  the  valve-gear  (System  Lechatclier-Bicour). 

2.  The  compression  of  the  steam  (System  Zeh). 

3.  The  compression  of  the  air  in  the  cylinder  (System  de  Bergue*). 

4.  The  repression  of  the  steam  (Fit-in  a  Vapeur  de  Land*ea,  Mai- *Ma*»a^a**jioi 

of  Krauss  and  Co.). 

The  steam-brake  of  Krauss  and  Co.  was  designed  by  Professor  Undo,  of  Mnaiek 

The  systems  1  and  4  depend  upon  the  same  principle,  that  is,  the  coaBlar-eflert  of  UM 
but  the  methods  of  application  are  different. 

The  Jtetersing  of  the  Valve-gear.— The  motion  of  any  locomotive  oaB  be  diarfafaaed 
reversing  the  valve-gear;  but  it  is  easy  to  understand  thut  the  counter-effort  of  UM  st*** 
quickly  the  pressure  of  the  steam  in  the  boiler   Thin  i*.  however,  a  minor  reaeaa  wky  DM 
effect  of  the  steam  should  be  applied,  to  suddenly  »top  trains,  only  in  exceptional  nav* 
another  disadvantage  of  a  more  serious  character  *  to  be  met  with,     Tbe  etbaast  pnrf  of***  la 
locomotives,  not  directly  into  the  open  air,  but  communicate*,  through  tbe  eikaaelfNpa,  •*«»  UM 
interior  of  the  smoke-box.   Whilst  the  cylinders  are  now  drawing  in  tbe  air.  tar 
filled  with  pure  air,  but  with  the  gases  of  combustion  from  UM  amoke-box.  wb* 
a  very  high  temperature  of  400°,  500",  and  upwards,  but  which  also  carry  with  t* 
unconsumed  parts  of  the  fuel    Tho  disadvantageous  influence  whieb  UM  pa» 
counter-pressure  of  the  steam  will  have  ujxin  tbe  engine  and  u.ih 
once  understood.     But  let  us  examine  tin-  <li»triliution  of 
the  valve-motion,  and  we  shall  find  that  it  i*  very  di*M*«atajgana*yaa< 
vantageous  the  faster  the  engines  work  and  the  more  pnwerfu  tj  ( 

Suppose  the  crank  to  stand  at  one  of  the  dead  point*  A,  Fig.  I)M.  tfc 
indicated  by  the  arrow,  and  thus  contrary  to  th*  val ve-motioa :  thai 
negative.     The  steam  enters  the  cylinder  behind  tbe  piston,  « 
point  B,  where,  at  the  ordinary  working  of  tbe  engine,  ftk 
be  admitted.     It  is  a  very  short  distance,  but  the  <*''*mnr 

but  accelerated  expftii.-inn  of  the  steam  take*  place  tl  '»  <^ 

pression  beiran  formerly  at  that  point,  out  now  a  eaaaai ""****""•] 
remains  OJH-II  and  allows  th«  air  to  enter  the  cylia 
stroke.    This  communication  with  the  exhaust-pipe  oonUnnai 
D,  where  formerly  the  n-lease  of  the  steam  br«an  ;  an  inaig 
next,  till  the  piston  arrives  at  K.  when-  fonnerlj 
now,  after  the  piston  has  travelled  a  |»rt  of  it*  rt 


"",   *•«•«•     lilt:    j'l^^'ii    i«c»o    <  -'  ^^  !__-,  i  1. ^^»     K    I ft*A 

to  the  velocity  of  the  crank,  the  admission  of  UM  oounter-ebot  beftw 
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port ;  the  piston  has  to  travel  a  farther  distance,  dependent  upon  its  velocity,  before  it  meets  in 
front  with  stoam  of  sufficient  pressure.  The  most  important  period  has  almost  passed  ineffi- 
caciously,  and  the  work  done  by  the  piston  is  thus  very  insignificant.  That  work  is  represented 
in  a  graphical  manner  in  Fig.  1248,  by  the  dark  hatchings  abed,  after  the  accelerated  expansion 
work  cde  has  been  deducted. 


1251 


1249. 


1250. 


Diagram  for  the 
steam-repression  brake. 


Diagram  for  the 

compression  of  the  steam. 

System  Zeh, 


Diagram  for 
Landsee's  st«am-brakp. 


Diagram  for 
reversing  the  valve-gear. 


Fi?.  1248. — ec,  Pressure  of  the  steam  in  the  boiler.  E,  Beginning  of  the  admission  of  the  counter- 
steam  in  front  of  the  piston.  D,  Exhaust  shut  before  the  piston.  B,  The  admission  of  steam  cut  off 
behind  the  piston.  C,  Exhaust  opens  behind  the  piston. 

Fig.  1249. — D,  Exhaust  opens  behind  the  piston.    E,  Expansion  begifis  behind  the  piston.     B,  Admis- 
sion of  the  steam  begins  in  front  of  the  piston.     C,  Exhaust  shut  before  the  piston. 

Fig.  1250. — D,  Exhaust  opens  behind  the  piston.  E,  Expansion  begins  behind  the  piston.  B,  Com- 
munication with  the  steam-chest  begins  in  front  of  the  piston.  C,  The  admission  of  the  counter-steam 
begins  in  front  of  the  piston. 

Fig.  1251. — B,  Communication  with  the  steam-chest  begins  in  front  of  tne  piston.  C,  Compression 
begins  in  front  of  the  piston.  D,  Admission  of  the  counter-steam  begins  behind  the  piston.  E,  Com- 
municatioa  with  the  steam-chest  shut  behind  the  piston/ 

Engineers  have  always  had  sufficient  reason  to  regret  that  drivers  should  be  prohibited  to  apply 
this  simple  and  powerful  means  of  stopping  trains ;  and,  moreover,  retardation  by  means  of  friction- 
brakes,  considered  theoretically  as  well  as  practically,  is  imperfect,  since  the  vis  viva  of  the  trains 
had  to  be  entirely  destroyed  by  an  external  application  of  the  brake,  to  diminish  the  velocity. 

It  is  not  surprising,  under  such  circumstances,  that  the  proposition  of  Lechatelier  was  soon 
approved  of  and  applied  first  in  France  and  then  in  Switzerland.  According  to  M.  Lechatelier's 
plan,  Figs.  1252,  1253,  a  pipe  is  led  from  the  exhaust-pipe  of  the  engine  to  a  small  closed  vessel, 


which  is  connected  with  the  boiler  by  two  other  pipes,  each  furnished  with  a  cock.     One  of  these 
communicates  with  the  boiler  above,  and  the  other  below  the  water  line,  and  bv  means  of  them 
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a  mixture  of  steam  and  water  can  be  introduced  into  the  closed  veweL  and  from  it  led  bv  ti*  i 
first  mentioned,  to  the  exhaust-pipe.     The  action  of  this  arnuuntnoi  '    u 

the  engine  is  reversed  for  the  purpose  of  retard- 
ing the  train,  the  pistons  would,  under  ordinary  UU 
circumstances,  pump  air  into  the  boiler,  mixed 
with  dust  from  the  smoke-box,  cutting  and  da- 
maging the  working  surfaces  of  the  cylinders  and 
valves. 

To  prevent  this  damage,  M.  JLechatelier's  plan 
provides  for  the  admission  of  the  mixture  of  steam 
and  water  into  the  blast-pipe  when  the  engine  ia 
reversed,  and  the  pistons  then  pump  this  mix- 
ture, instead  of  air,  into  the  boiler.  The  water 
serves  to  lubricate  the  pistons,  and  the  quantity 
admitted  is  just  about  as  much  as  will  be  evapo- 
rated by  the  heat  generated  by  the  friction  of  the 
working  parts.  The  supply  of  steam  to  the  blast- 
pipe  is  generally  allowed  to  be  somewhat  in  ex- 
cess of  the  quantity  which  can  be  pumped  back 
into  the  boiler  by  the  pistons,  and  the  small  quan- 
tity, which  is  thus  constantly  escaping  at  the 
blast-nozzle,  serves  to  prevent  the  admission  of  a  current  of  air.  But  experience  hat  not  only 
shown  that  Lechatelier's  method,  especially  at  a  high  speed  of  the  engine,  U  fe  MBT  rrm  not 
powerful  enough,  but  that  the  admission  of  the  proper  quantity  of  steam  and  water  require*  great 
skill  from  the  drivers. 

The  Compression  of  the  Steam.— The  method  proposed  by  Zeh  takes  place  l.y  abutting  to 
exhaust-pipe  and  placing  the  valve-gear  on  a  high  grade  of  expansion,  no  that  the  rtff  fn  fitt  la 
perform  not  only  little  work,  but  the  escape  of  the  ex|tanded  steam  is  abo  prevented,  MM!  ftf 
latter  is  thus  compressed  at  the  backward  stroke  of  the  piston. 

The  diagram,  Fig.  1249,  shows  that  the  intensity  of  the  effect  can  only  be  increased  tn  a  trifling 
degree.  The  pressure  of  the  steam  in  front  of  the  piston  and  at  the  eammeoeement  of  the  stroke 
can  only  be  little  more  than  that  of  the  atmosphere,  and  the  piston  has  to  travel  half  of  iU  *tr<4w 
before  the  compression  at  C  begins.  When  the  crank  arrives  at  B,  almost  at  the  end  of  the  stroke, 
the  pressure  of  the  steam  in  front  of  the  piston  is  still  much  less  than  the  pressure  of  the  •team 
in  the  boiler  which  acts  now  upon  the  piston  for  the  remainder  of  the  stroke.  We  get  Uiu»  at 
first  a  retarding  work,  represented  in  the  figure  by  the  area  a  b  e  c  d;  next  a  pwpclling  work. 
represented  by  the  area  a  e  c  d,  and  composed  of  the  area  c  e,  the  work  done  by  the  fall  preemre  of 
the  steam,  and  the  area  e  a,  the  work  done  by  the  expansion  of  the  steam.  The  ot«ui|«ri»  n 
between  the  two  works  shows  in  fact  a  very  insignificant  effect  of  this  method. 

The  Compression  of  Air  in  the  Cylinders  has  been  proposed  by  M.  de  Bergues  M  a  mean*  for 
retarding  the  motion  of  locomotives.  According  to  M.  de  Bergues'  plan,  the  regulator  and  the 
blast-pipe  are  shut,  the  admission-pipe  is  put  in  communication  with  an  air-marl  which  U 
provided  with  a  safety-valve,  the  exhaust-pipe  is  put  in  communication  with  the  atmosphere, 
and  the  valve-motion  is  reversed.  The  counter-pressure  can  thus  be  increased  to  a  certain  degree, 
independently  of  the  pressure  in  the  boiler;  but  here  also  the  disadvantages  appear  to  he  »«ry 
great.  In  the  first  instance,  M.  de  Bergues  sacrifices  the  relation  to  the  boiler ;  and  beaee  he 
cannot  accumulate  a  sufficient  retarding  force.  Next,  he  reverses  the  valve-motion,  and  ha*  that 
from  the  beginning  a  disadvantageous  distribution  of  steam,  which,  moreover,  mart  produce  ft 
limited  effect  of  the  power,  as  the  pressure  of  the  steam  is  very  variable. 

The  air-vessel  must  not  be  too  large,  in  order  to  produce,  quickly,  highly  eompreewd  air ; 
a  perceptible  reduction  of  the  pressure  of  the  compressed  air  effects  tho  filling  of  tlic  »»«»«•• 
cylinders.     The  compression  produces,  besides,  a  high  temperature  in  the  cy linden,  which 
special  precautions  and  a  very  abundant  oiling ;  finally,  the  arrangement  and  managementa 
apparatus  are  rather  complicated.    It  gives  very  good  results  for  short  runs,  bat  not  ondor  pro* 
longed  working. 

Steam-Brake  of  M.  de  Landsee.— M..  de  Landsee  acts  upon  the  very  camel  principle  to  pr« 
the  retarding  power  by  means  of  using  steam  from  the  boiler  as  a  back-preewre  upon  the  pw 
in  a  more  advantageous  manner  than  with  the  reversing  of  the  valve-gear.    For  that  pMBM»| 
M.  de  Landsee  adds  to  the  engine  for  the  admission  of  the  stenm  in  front  of  the  ptet 
vnlve-gear,  to  the  cylinder  another  steam-chest  and  another  ay*tcra  of  P"'rt»:  for  theBOVMMMt 
the  second  valve  he  fixes  an  eccentric  rectangular  to  the  crank,  a  link  and  the  necweary  it. 
In  order  to  retard  the  motion  of  the  engine,  the  exhautit-pipc  in  shut,  the  main  talr*-* 
on  a  high  grade  of  expansion,  so  that  the  steam  behind  tho  pistnn  performs  a  HI 
expansion,  whilst  the  steam  in  front  of  the  piston,  which  has  entered  the  cylinder 
second  steam-chest  G,  Figs.  1254,  1255,  is  pressed  back  into  the  I 
repression  upon  the  piston  in  comparison  to  the  compression  performed  in  th 

It  must  be  admitted  that  this  arrangement  offer*  a  eatibfartoi 
problem;  but  if  the  apparatus  is  destined  to  produce  a  more  powerfi 
previously  examined,  two  moments  of  some  importance  have  been  neglected. 

Let  us  examine  what  occurs  during  one  revolution  of  the  crank 
supposed  to  have  opened  the  port  as  much  as  the  linear  advance.    The  c 
which  in  the  present  construction  is  enlarged  on  account  of  tho  wound  port 
the  steam-chest  G,  amounting  at  least  to  7J  JKT  cent,  of  the  volumr  o 
filled  with  steam  from  the  lust  repression..    If  we  suppose  T»O  t°  be  the  i 
17|  per  cent,  the  filling  of  the  cylinders,  •:  c  will  ehow  iu  a  graphical  manner,  B 
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work  done  under  the  full  pressure  of  the  steam,  an.l  c  D  the  work  performed  during  the  expansion 
of  the  steam,  wheru  D  represents  the  beginning  of  the  release  of  the  steam,  which  takes  place 


1264. 


after  the  piston  has  travelled  about  70  per  cent,  of  the  stroke ;  the  steam  will  thus  have  lost 
in  a  proportion  of  77 '5  to  17 '5  of  its  pressure.  Although  the  exhaust  is  shut  and  prevents 
the  escape  of  this  steam  of  almost  J  of  the  pressure  of  the  steam  in  the  boiler,  a  considerable 
volume  of  fresh  steam  enters  the  cylinder  from  that  part  of  the  exhaust  which  extends  to  the 
distribution-valve  S,  and  which  had  been  filled  during  the  preceding  repression.  If  we  suppose 
the  volume  of  that  part  to  be  20  per  cent,  of  that  of  the  cylinder,  the  pressure  of  the  steam  will 
increase  in  a  proportion  of 

IZl^  •  *Zj?  j.  (\  -  !Zj?  ^  _?°.         17^5  .  17J> 
77-5*  77-5  +  V        77-5y'97:5'0r  7T5  ''  TT5  4 

At  the  end  of  the  stroke  the  pressure  will  have  again  decreased  in  a  proportion  of  127' 5  :  97 '5, 
et  thus  with  a  pressure  of  8  atmospheres  in  the  boiler,  after  all,  onjy  a  pressure  of 

17'5  \    97-5 

•  =  2  •  3  atmospheres. 


and  we 


/1 

=  8  \ 


The  value  of  the  accelerated  work  is  thus  higher  than  at  first  calculated  ;  it  amounts  at 
least  to  45  per  cent,  of  the  total  work  performed  by  the  piston  (according  to  Boyle's  law).  But 
another  circumstance,  which  reduces  the  retarding  power  at  a  high  speed  of  the  locomotive,  has 
been  entirely  neglected,  namely,  the  want  of  lead  for  the  admission  of  the  counter-steam.  Of 
course,  this  lead  could  only  be  obtained  on  account  of  a  still  more  disadvantageous  distribution 
of  the  steam  on  the  backward  stroke  of  the  piston,  or  by  fixing  a  fourth  eccentric.  The  valve  G 
must  thus  travel  a  distance  corresponding  to  its  lap,  before  it  admits  the  counter-steam  into  the 
cylinder,  after  the  piston  has  reached  the  end  of  the  stroke.  At  a  high  speed,  the  piston  will 
have  to  travel  a  considerable  part  of  its  stroke  before  it  meets  in  front  with  steam,  the  pressure 
of  which  is  equal  to  that  in  the  boiler. 

The  whole  construction,  although  very  ingenious,  is  too  complicated,  and  the  large  clearances 
of  the  pistons,  required  by  the  two  systems  of  ports,  are  great  disadvantages.  The  simple 
principle,  to  admit  steam  into  the  cylinder,  and  to  have  it  pressed  back  into  the  boiler  by  the 
movement  of  the  piston,  without  any  modification  of  the  valve-motion,  but  by  allowing  the  steam 
to  enter  the  cylinders  through  the  exhaust-pipes,  instead  of  through  the  ordinary  steam-pipes,  has 
been  adopted  in 

The  Repression  Brake  of  Krauss  and  Co.,  Munich.  —  This  plan  consists  in  an  arrangement  by 
means  of  which  the  steam  can  be  made  to  enter  the  cylinders  through  the  exhaust-pipes,  instead 
of  through  the  ordinary  steam-pipes,  the  blast-nozzle  being  at  the  same  time  closed,  and  the 
steam  admitted  through  the  exhaust-pipes  being  pumped  back,  partly  into  the  boiler,  and  partly 
into  the  steam-chests,  from  which  it  escapes  through  an  adjustable  valve  into  the  chimney.  Of 
course,  the  engine  has  not  to  be  reversed,  as  in  M.  Lechatelier's  arrangement. 

The  simplest  arrangement  is  to  place  the  regulator  in  the  smoke-box,  and  to  provide  it  with 
a  segment-  valve,  as  shown  in  Figs.  1256  to  1259.  The  regulator-valve  R  is  connected  with  the 
blast-pipe  by  a  tube  A,  and  the  blast-pipe  is  also  provided  with  a  segment-valve  B.  When  the 
inlet  to  the  steam-chest  is  shut  by  the  first-mentioned  valve,  and  the  communication  with  the  blast- 
pipe  is  open,  the  outlet  of  the  latter  being  shut,  then  the  steam  passes  from  the  boiler,  through 
the  tube  and  the  blast-pipe,  into  the  outlets  or  discharged  ports  of  the  slide-valve,  and  rushes 
against  the  piston  with  a  counter-pressure  equal  to  the  steam-pressure  during  nearly  the  full 
stroke,  that  is  to  say,  during  the  tune  that  the  steam  is  acting  to  work  the  engine  ;  during  this 
counter-pressure  the  steam  is  returned  into  the  boiler.  When  about  -fa  of  the  stroke  has  been 


1259. 


1257. 
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accomplished,  the  outlet  is  shut,  and  the  steam  being  still  in  the  cylinder,  ia  further  compressed  till 
the  ordinary  inlet  is  opened  by  the  slide-valve ;  and  this  steam  can  then  escape  to  the  steam-chest, 
and  from  there  through  a  valve  to  the  chimney.  This  valve  is  regulated  by  a  cock,  and  can  be  put 
in  communication  through  the  inlet-tube,  Fig.  1261,  with  the  steam-chest,  but  during  the  working 
of  the  engine  the  valve  is  shut.  This  valve  regu- 
lates the  quantity  of  steam  which  is  retained  in  the  1260. 
steam-chest,  and  also  regulates  the  work  of  the 
brake.  The  regulation  of  the  back-pressure  may 
also  be  effected  by  regulating  the  steam-pressure 
in  the  blast-pipe,  and  this  is  done  by  enlarging 
or  narrowing  the  inlet  opening,  also  by  admitting 
steam  to  the  steam-chest  through  the  regulator- 
valve  and  expansion-valve  ;  that  is  to  say,  by  the 
introduction  of  steam  into  the  cylinder  on  both 
sides  of  the  piston.  To  simplify  the  working  of 
the  apparatus,  the  regulator-valve,  the  blast-pipe 
valve,  and  the  valve  with  the  regulating  cock, 
are  connected  by  levers,  so  that  by  simply  moving 
the  regulator  the  engine  can  be  driven  at  full 
speed,  or  can  be  reversed.  By  this  arrangement 
of  the  apparatus  it  is  possible  nearly  instantane- 
ously to  change  the  propelling  force  of  the  engine 
into  a  retarding  force.  When  the  piston  is  nearly 
at  the  end  of  the  stroke,  on  the  other  side,  the 
slide-valve  begins  to  open  the  admission  open- 
ings, and  the  steam  passes  into  the  empty  cylin- 
der, so  that  the  latter  is  full  of  steam  when  the  1261. 
piston  returns ;  this  steam  is  now  forced  back 

into  the  boiler.  This  action  continues  till  the  slide-valve  shuts  the  communication  between  the 
cylinder  and  the  admission  opening ;  the  confined  steam  is  then  further  compressed.  This  com- 
pression is  at  the  highest  point  when  the  slide-valve  is  in  communication  with  the  cylinder  and 
the  steam-chest  just  before  the  crank  is  at  the  dead  point ;  the  steam  then  passes  into  the 
steam-chest  and  through  the  valve.  It  is  necessary  that  the  slide-valves  should  be  prevented 
from  being  pressed  back  by  the  compressed  steam,  and  Figs.  1257  to  1261  show  the  arrange- 
ment employed  for  that  purpose.  The  valve,  it  will  be  seen,  is  fitted  with  a  piston,  at  the 
back  of  which  is  a  hole,  which  is  connected  by  a  tube  with  the  blast-pipe,  so  that  while  braking, 
the  steam  can  act  upon  the  piston  and  prevent  the  pressing  back  of  the  slide-valve.  Fig.  1251 
shows  the  distribution  and  action  of  the  steam  in  a  graphical  manner.  At  D,  where  formerly  the 
release  of  the  steam  began,  the  admission  of  the  counter-steam  into  the  cylinder  commences, 
so  that  when  the  piston  arrives  at  the  end  of  its  stroke,  the  whole  cylinder  is  filled  with  counter- 
steam,  which  has  to  be  pressed  back  into  the  boiler  by  the  piston,  till  the  crank  has  reached 
the  point  C,  when  the  communication  with  the  blast-pipe  is  cut  off.  The  remaining  steam  is  com- 
pressed until  the  point  B  is  reached,  when  it  escapes  through  the  valve  into  the  steam-chest. 
Whilst  the  steam  acts  with  full  pressure  during  the  whole  stroke  in  front  of  the  piston,  the  com- 
munication with  the  steam-chest  is  maintained  behind  the  piston,  until  the  crank  arrives  at  the 
point  E. 

Dynamometer-Brake. — Prony's  Friction  Dynamometer-Brake. — A  friction  brake  may  be  employed 
to  measure  the  power  applied  to,  and  the  mechanical  effect  produced  by,  a  shaft  or  other  part  of  a 
machine  which  revolves  uniformly ;  it  must  be  clearly  understood  that  neither  the  power  nor  the 
effect  can  be  measured  unless  the  revolutions  continue  uniform  after  the  brake  is  applied  and 
adjusted.  Piobert  and  Fardy,  in  1821,  applied  a  brake  as  a  dynamometer  to  determine  the  power 
of  water-wheels;  but  M.  Prony  first  applied  a  brake  to  determine  the  power  transmitted  by 
steam. 

It  was  determined  by  experiment  that  friction  had  a  uniform  resisting  power  that  might  be 
intensified  by  pressure :  Prony  contrived  a  brake  to  apply  this  retarding  power  to  bring  revolving 
shafts  to  given  or  required  uniform  velocities,  so  that  the  power  applied  by,  or  conserved  in,  a 
machine  might  be  measured.  Prony's  brake,  in  its  simplest  form,  is  shown  in  Fig.  1262.  Let  the 
circle  O  be  a  cross-section  of  a  horizontal  shaft, 
which  is  revolving,  but  not  uniformly;  M,  M,  A, 
is  the  brake,  the  pressure  of  which  may  be  in- 
creased or  diminished  by  tightening  or  loosening 
the  screws  e,  e,  respectively.  A  circular  cavity  is 
made  in  the  two  wooden  jaws  M,  M',  which  re- 
ceives the  revolving  shaft  O  ;  the  upper  jaw  M  is 
lengthened  to  support  a  balance  scale  A  P,  which 

may  be  loaded  with  any  required  weight.     The  ^7 

operation  which  we  are  about  to  describe  must  not 

be  confounded  with  that  of  weighing  a  body  by  means  of  a  lever  and  fixed  prop.  Now,  suppose 
that  a  shaft  O  makes  k  uniform  revolutions  a  minute,  and,  at  the  same  time,  drives  any  machinery 
whatever,  and  that  we  require  to  know  the  amount  of  power  employed  in  driving  such  machinery. 
To  effect  this  object,  the  communication  between  the  shaft  O  and  the  machinery  driven  by  it  must 
be  removed,  and  the  brake  so  tightened  on  the  shaft  that  it  will  make  just  k  revolutions  a  minute. 
While  the  brake  is  being  pressed  by  the  screws  e,  <?,  to  obtain  the  necessary  amount  of  friction,  it 
is  prevented  from  being  turned  with  the  shaft  by  props.  Then  weights  are  placed  in  the  scale  A, 
to  bring  the  arm  M  A  into  a  horizontal  position :  the  props  which  prevented  the  brake  from  being 
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whirled  round  with  the  snaft  are  not  in  POD  tact  with  the  brake  when  If  A  U  h/» 

the  brake  is  thus  screwed  up  and  poised,  the  shaft  must  continue  to  make  k  urn 

minute  ;  then  the  power  transmitted  by  the  shaft  O  may  be  calculatwl     Let  I*  £  * 

pended  at  A,  and  p  the  perpendicular  distance  from  the  centre  of  O  toll* 

weight  ot  the  scale  and  that  part  of  the  apparatus  which  aaauto  the  weiAt  P  • 

gravity,  and  q  the  perpendicular  distance  from  O  to  the  line  U  Q.    1*. 

jaws  M,  M;  upon  the  revolving  shaft  O  may  be  resolved  into'  normal  I 

tangental  forces  /,/',/',  ....  acting  in  the  direction  of  the  rotatory  m  u 

libriumof  the  apparatus  is  established,  the  sum  of  the  momenUof  theaa  diff,     •  •  ••  .  ' 

to  the  centre  of  O,  must  be  equal  to  zero      But  the  normal  force-  haw  SISSST..!  U 

put  for  the  radius  of  the  shaft,  we  have  the  equation  fr  +  Tr-t-fr-^ 

Or  putting  2  /  r  for  the  sum  of  the  forces  />  +  f  r  +  f  r  +  .  welim"  w  Ih.  « 

2/r  =  Pj>  +  Q7.  ~*(l} 

Taking  the  angular  velocity  at  the  distance  of  a  unit  from  tho  centre  of  O  (ae*  Axortai  Vcuirrrr  \. 
the  work  of  friction  for  one  revolution  is  found  by  multiplying  J  fr  by  2w  «  beta*  Dt 
.  .  .  .  ;  whence,  if  N  =  the  number  of  revolutions  a  minute,  and'  if  ig,  be'put  for  thework  of  U 
friction  in  a  second,  we  have  ££>/  =  -^-  2/r.    When  the  value  of  the  general  riprnaiiai  «oav 
ventionally  written  2/r,  from  equation  [1],  is  substituted,  we  have 

®  =  w<?p  +  <*<». 

The  weight  P,  required  to  bring  A  M  to  a  horizontal  position,  and  the  perpendicular  <lutaao» 
p,  are  known.     The  moment  Q  q  may  be  found  in  the  fol- 
lowing manner:  —  The  apparatus  is  weighed,  as  shown  in 
Fig.  1263,  by  supporting  the  brake,  detached,  on  a  knife- 
edge  I,  and  bringing  the  lever  I  A  into  a  horizontal  position 
by  means  of  a  weight  P'  attached  to  a  cord,  which  passes 
over  a  fixed  pulley,  and  is  connected  to  the  end  A  of  the 
lever.    The  friction  of  the  pulley  being  neglected,  the  ten- 
sion T  is  equal  to  the  force  P',  and  we  have  the  equation 
Tp  =  QqorP'p  =  Glq.  [3] 

The  weight  P'  is  termed  the  permanent  load.  £ 

Substituting  F'p  for  Qq  in  equation  [2],  we  obtain  the  equation 


N  the  uniform  revolutions  and  P  become  known  wht-n  the  brake  is  prrfrotlT  adjmtod. 

If,  for  example,  p  =  2m'50;  P'  =  30k,  and  the  shaft  O,  Fig.  1202,  to  make  onoUnoaOy  fartj 
uniform  revolutions  a  minute  when  P  -  120k,  then  N  =  40,  and  the  gi-neral 

(120  +  M)  x  (2.5)  = 


oO 

French  unita  of  work,  or  1570'79633  kilogrnmmes  raised  the  height  of  1  metre.     Th«  Frndl 
consider  a  horse-power  =  75  kilogrammes  raised  1  metre  in  a  second.    75  French  mito  of  »»*k 

BSOOO 
are  equal  to  542  •  5  English  units  of  work  ;  -        =  860  ;  but  550  :  542  •  5  :  :  1  : 

English  horse-power  is  a  French  horse-power,  as  1  is  to  -9864  nearly.     1570-7963S-*-  71 
horse-power,  according  to  the  French  method  of  measurement. 
Again,  suppose  p  =  8  ft.  ;  P'  =  50  Ibu.  ;  P  =  250  Iba.  ;  and  N  = 

3'1416x4Q  (250  +  50)  8  =  10052-12  uniU  of  work  a  minnte; 


oO 

10052-12 


_  18>2g  jjorog.po^,  (EnglUh). 


550 

In  practice,  tho  jaws  nre  not  du-ectly  applied  to  tho  shaft;  but  if  tb«  latter  it  of  caM  ina. 
a  circular  frame,  expressly  framed  and  bored  for  that  pur-  int. 

pose,  is  fastened  to  it  by  means  of  adjusting-acre  WB.  If 
the  shaft  is  of  timber,  and  of  a  large  size,  it  is  surrounded 
by  a  ring  formed  of  two  parts  and  provided  with  screwi 
for  its  correct  centering  ;  this  ring  is  fastened  to  tho  shaft 
by  means  of  wedges.  In  both  cases  tho  jaws  of  the  brake 
are  applied  to  the  circular  frame  or  ring,  as  shown  in 
Fig.  1264. 

If  the  product  2/r  or  r2/  remains  the  same  for  ai 
equal  number  of  horse-power,  2/  is  so  much  preater,  the  j 
smaller  r  is  taken.     But  the  friction  may  thus  ommie  |  — 
too  great,  and  by  altering,  consequently,  the  contacting 
surfaces,  it  will  also  lose  its  uniformity.    Experience  has  pro 


a  diameter  of  between 
16  and  20  centimetres, 
30    „    40 


60         80  15    „    30 


and  a  velocity  of  between 
20  and  30  revolutions  per  minute, 
15    „    30  „  * 


the 
6  or 

40  "70 
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A  little  more  than  half  the  brake  is  shown 
in  this  figure. 


A  high  speed  is,  besides,  favourable  to  the  regularity  of  the  experiment,  as  M.  Morin  has  con- 
firmed at  Bonchet.  A  uniform  friction  is  necessary  for  the  maintenance  of  the  equilibrium  of  the 
lever  during  the  rotatory  motion  of  the  shaft  ;  the  lever  assumes  always  a  little  oscillating  motion, 
which  is  of  no  consequence  as  long  as  it  keeps  within  strict  limits  ;  but  if  these  oscillations  become 
considerable,  an  irregularity  in  the  friction  has  taken  place,  and  the  retarding  power  of  the  fric- 
tion cannot  under  such  circumstances  be  measured. 

On  account  of  the  length  of  the  lever,  the  weight  at  A,  Fig.  1262,  may  of  itself  tighten  the 
screws;  in  order  to  remove  this  inconvenience,  which  sometimes  produces  false  results,  M.  Poncelet 
has  proposed  to  make  the  two  jaws  of  equal  length,  and  to  place  the  bolts  near  the  point  A, 
Fiu'.  1265.  The  flexibility  of  the  wood  permits  a  gradual  tightening,  which  renders  this  arrange- 
ment preferable  to  the  ordinary  one. 

To  establish  stable  equilibrium,  M.  Poncelet  applied 
the  weight,  not  to  the  point  A  itself,  but  to  the  end  of 
a  vertical  rod  A  B,  fastened  to  one  of  the  jaws.  It  thus 
happens,  that  if  the  lever  begins  to  turn  round  with 
the  shaft,  the  lever-arm  of  the  weight  P  increases  im- 
mediately,  and  the  friction  ceasing  to  be  preponderant, 
the  apparatus  returns  to  its  equilibrium. 

If  the  shaft  is  vertical,  the  weight  cannot  be  applied 
directly  to  the  end  of  the  lever,  but  a  cord  fastened  to 
it  is  made  to  pass  horizontally  in  a  perpendicular  direc- 
tion over  a  fixed  pulley. 

A  plummet  suspended  before  the  end  of  the  lever  will  show  the  position  of  the  brake  when 
equilibrium  is  established. 

M.  Morin  has  extended  the  useful  application  of  the  brake  as  a  dynamometer,  for  he  does 
more  than  measure  by  it  the  work  done  for  a  given  or  required  uniform  velocity  of  a  shaft. 

The  extended  application  to  which  we  allude  may  be  thus  described  :  — 

When  the  shaft  turns  round  without  meeting  with  any  resistance,  and  after  the  supports  of  the 
lever  have  been  removed,  a  weight  between  5  and  10  kilogrammes  is  placed  at  the  end  of  the 
lever;  the  screws  are  now  tightened,  till  an  equilibrium  of  the  apparatus  is  established.  The 
uniform  velocity  or  speed  of  the  shaft  is  measured,  and  the  units  of  work  done  are  ascertained.  A 
new  weight  is  again  added  to  that  already  acting  at  the  end  of  the  lever  ;  the  screws  are  made 
more  tight,  until  equilibrium  is  again  established,  and  the  uniform  speed  of  the  shaft  and  the 
work  performed  are  determined.  The  weight  at  the  end  of  the  lever  is  gradually  increased,  and 
the  screws  for  the  establishment  of  an  equilibrium  tightened,  till  the  shaft  stops  or  turns  in  an 
irregular  manner.  The  work  done,  in  each  second,  is  thus  obtained  for  a  variety  of  uniform  speeds, 
from  the  greatest  to  the  least  possible.  A  curve  is  drawn,  the  abscissae  of  which  represent  the 
velocities,  and  the  co-ordinates  the  corresponding  values  of  the  ratios  between  the  work  given  by 
the  brake  and  the  work  of  the  motor.  This  curve  indicates  the  nature  and  power  of  the  machine  ; 
it  gives  the  performed  work  corresponding  to  an  average  uniform  speed  of  a  shaft,  and,  besides,  it 
shows  the  uniform  speed  which  corresponds  to  the  maximum  effect. 

Fig.  1266  represents  the  results  of  a  series  of  experiments  made  with  a  turbine  of  the  System 
Fontaine.  The  abscissae  are  proportional  to  the  number  of  revolutions  of  the  wheel  a  minute,  and 
the  co-ordinates  represent  the  corresponding  values  of  the  actual  effects  multiplied  by  100.  It 
will  be  seen  from  the  diagram  that  the  maximum  actual  effect  is  produced  with  about  forty-five 
uniform  revolutions,  and  that  this  m^yi'mnm  is  about  0  '  60,  that  is  to  say,  the  maximum  actual 
effect  is  0  •  60  of  the  motive  power. 
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Writers  on  mechanics,  and  especially  those  who  attempt  to 
explain  the  action  of  a  brake  employed  as  a  regulator  to  pro- 
duce a  uniform  effect,  do  not  draw  a  proper  distinction  between 
the  action  of  a  toggle,  and  that  of  a  system  of  compound  levers. 
To  place  this  matter  in  a  clear  light  we  have  only  to  explain  the 
action  of  a  simple  toggle-joint,  since  the  properties  of  the  lever 
are  well  known. 

Let  AB  =  B  C  =  144-01  in.  be  the  arms  of  a  toggle-joint, 
Fig  1267 ;  the  point  A  is  fixed,  but  the  rod  A  B  may  be  turned  round  A  as  a  centre.  The  joints 
B  and  C  are  also  loose,  but  C  is  constrained  to  move  in  a  given  path.  In  the  right-angled  triangle 
DOB  =  D  ABand  D  B  perpendicular  to  A  C ;  putting  DB  =  2-4  in.,  then  CD  =  D  A  =  H3'99in 


Suppose  a 
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200  Ibs.  to  be  applied  at  B  i 


to  move  in  a  given  path  by  the  action  ofthe 

P=  '12  X  200  =  4°  ™>its  of  work.  287-98  =  AC,and  AB  +  BO=M8-Ot 
•04  in.,  the  space  over  which  W  must  pass  in  the  direction  indicated  by  the 
moved  from  B  to  D.  .-.  _  W  =  the  units  of  work  done  in  raidngW  , 

W 
°r  300  =4°:    -  W  =  1200°  lb«->  wh«*  exceeds  5  tona. 

e4^°^»Ps  iSfl8^rt.W5ttfc 

application  ot  the  toggle-principle  to 
control  and  regulate  the  retarding 
power  of  friction.  The  principle  upon 
which  Appold  formed  this  mechanical 
combination  may  be  thus  explained : — 
In  Fig.  1268,  O  is  the  pivot  of  the 
brake-wheel,  C  the  pivot  on  which  the 
lever  C,  A,  B,  works;  W  represents 
the  weight  on  the  brake.  The  brake- 
wheel  D  E  is  attached  to  the  paying- 
out  drum.  When  the  friction  of  the 
brake-strap  B  D  E  A  is  greater  than 
the  weight  W,  the  latter  is  lifted  up 
and  takes  a  position  w ;  C  B  A  takes 
the  position  C&a;  the  strap  takes  the 
position  6  D Ea ;  and  the  force  W  may 
be  resolved  into  two  forces,  one  acting 
along  a  be,  which  is  neutralized  by  the 
pivot  C,  and  another  P  acting  perpen- 
dicular to  Ca;  the  reacting  force  Q 
on  the  pivot  C  straightens  the  toggle 
O  C  a  into  its  original  position  O  C  B  A, 
by  a  very  trifling  force  Q.  Thus  the 
strap  a  E  D  b  is  relaxed  and  allows  the 
wheel  D  E  to  slip. 

J.  G.  Appold's  Brake  Apparatus  for 
Laying  Submarine  Telegraphic  Cables, 
Figs.  1269,  1270,  relates  to  a  novel 
arrangement  or  construction  of  a  self-acting  or  self-relieving  brake,  which  may  be  adapted  I* 
the  drums,  pulleys,  or  shafts  of  the  apparatus  employed  for  submerging  or  payteg-o«t  trie- 
graphic  cables  into  the  water.  It  is  advisable  that  the  strain  on  the  cable  «htl«  beteg  sjajsji 
out  into  the  water  should  be  always  maintained  as  uniform  as  possible  under  all  rirewssetawea. 
so  that  no  danger  of  breaking  or  damaging  the  cable  by  any  sudden  or  undue  strata  may  be 
apprehended.  This  object  is  effected  by  adapting  to  the  shafts  of  the  paying-«ut  psJleya  ft  dram, 
on  the  surface  of  which  a  uniform  friction  is  maintained  by  means  of  binding  bands  or  »tr»|«, 
which  are  connected  with  a  weighted  vibrating  or  movable  lever.  This  lever  is  capable  of  bateg 
weighted  to  any  desired  extent,  according  to  the  amount  of  friction  required  to  be  tosiatateed. 
The  weights  or  pressure  put  on  the  brake  determines  the  friction  thereof  on  the  rotattef  drwssa. 
and  consequently  the  amount  of  strain  on  the  cable,  which  strain  can  be  regulated  with  Meaty  *ad 
great  facility.  The  weights  or  pressure  acting  on  the  vibrating  lever  or  other  ennanient  part  *t 
tin-  brake  has  a  tendency  to  draw  the  friction  strap  or  band  tight  on  the  rotating  draw,  waito 
the  rotation  of  the  drum  has  a  constant  tendency  to  lift  the  weight  and,  by  lonsjBlag  the  Mrap 
or  band  on  the  drum,  to  relieve  the  brake  from  the  pressure  to  which  it  is  subjected.  Pros*  this 
it  will  be  understood  that  these  two  forces  are  acting  in  opposition,  and  onoseqaenUy  the  esje  haa 
a  tendency  to  counteract  the  other,  so  that  a  uniform  strain  or  friction  is  always  maintained  osj 
the  rotating  drum,  the  amount  of  the  friction  being  regulated  by  too  amount  of  the  praam*  ar 
weight  adapted  to  the  drum. 

It  will  now  be  understood  that  the  brake  is  perfectly  stlf-actinp.  and  the  frietk 
always  maintained  uniform.    Provision  may  be  made  for  relieving  the  brake  f 
instantaneously  when  required  by  means  of  suitable  gearing.  wber< 
is  or  are  lifted  up,  and  the  friction  straps  or  Imnd.n  thereby  l.-tteiMxl  on  the  Matin 
may  be  effected  by  means  of  a  hand-wheel,  or  by  connecting  the  gearing  with  a  dram  or  shaft  I 
be  actuated  by  the  engine  which  works  the  paying-out  gear. 

Fig.  1269  is  a  side  elevation,  and  Fig.  1270  a  plan  view,  of  an  apparatus  fm 
The  cable  a  enters  the  apparatus  over  a  grooved  guide-wheel  or  pulley  *,  w 
to  one  of  the  grooves  of  a  four-grooved  drum  or  pulley  < ,  mnl  ufter  passing 
pulley  it  is  conducted  round  a  similar  grooved  drum  <T  pulley  </.  mi'i 
to  pass  four  times  round  the  two-grooved  drama  c  and  •/.  fnmi  »ln--h  it 
over  another  pulley  c,  either  directly  into  the  water  «r  through  ad 
whereby  the  tension  or  strain  on  the  cable  may  be  ascertained  and 
shafts  h  of  each  of  the  grooved  drums  c  and  d  are  two  friction  wheels  or  onui  •  /f/t/f/1 
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are  surrounded  by  friction-bands  <;,  gt  g*,  g*,  provided  with  segmental  blocks  of  wood,  which  when 
the  bands  are  drawn  tight  are  made  to  press  on  the  surface  of  the  wheels  or  drums  /,  /*,  and 
thereby  produce  the  necessary  amount  of  friction  to  act  as  a  brake  upon  the  drums.  On  the  ends 
of  the  shafts  h  are  mounted  the  toothed  wheels  i,  i,  Fig.  1270,  which  are  geared  together  by  the 
pinion  t,  and  therefore  rotate  at  the  same  speed.  This  toothed  gearing,  however,  is  not  required 
while  the  cable  is  being  lowered  or  submerged,  and  therefore  it  may  be  thrown  out  of  gear  during 
this  operation,  and  will  only  be  required  when  the  apparatus  is  used  to  haul  in  the  cable,  as  would 
be  required  in  case  of  accident  to  the  cable. 


1269. 
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The  ends  of  the  straps  or  bands  g,  g*,  are  secured  in  any  convenient  manner  to  pins  £,  k,  Fig. 
1269,  fixed  on  the  vibrating  levers  /',  l\  each  of  which  passes  through  a  hole  made  in  the  arms  TO. 
The  holes  in  these  arms  form  the  centres  of  motion  of  the  levers  /',  l\  and  as  these  centres  of  motion 
are  on  one  side  of  the  centre  of  the  friction  wheels  /,  /*,  and  bands  g,  17*,  it  follows  that  by  causing  these 
levers  /',  F,  to  move  on  their  centres  of  motion,  as  indicated  in  Fig.  1269,  they  will  either  tighten 
or  loosen  the  friction-bands,  according  to  the  direction  in  which  the  levers  are  moved.  On  the 
upper  side  of  the  bands  are  fixed  the  blocks  n,  n,  to  which  are  attached  the  horizontal  rods  o,  o, 
•which  are  secured  at  one  end  to  one  of  the  blocks  n  by  an  adjustable  attachment,  as  shown  in  Figs. 
1269,  1270,  and  they  are  jointed  at  their  opposite  ends  to  the  vibrating  bell-crank  levers  p,  p. 
These  levers  are  supported  in  bearings  fixed  on  the  framing,  and  to  the  longer  end  of  each  13 
adapted  a  weight  or  weights,  or  a  system  of  springs  or  other  contrivances,  whereby  the  levers  may 
be  depressed ;  and  by  the  levers  thus  drawing  forward  the  horizontal  rods  o,  o,  they  will  tend  to 
tighten  the  friction-bands  g,  g*,  round  the  friction-drums  /,  /*.  It  will  now  be  understood  that 
as  the  cable  is  being  payed-out,  it  (by  passing  round  the  grooved  pulleys  c  and  d)  draws  the 
friction-wheels  /,  /,  round,  and  by  the  friction  of  the  wheels  /  on  the  bands  g*,  g*,  tends  to  open 
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the  latter,  and  thereby  relieve  the  wheels  from  the  friction  of  the  band*    At  the  HUM  fa- 

weights  or  springs  on  the  ends  of  the  bell-crank  levers  />,  p,  will  draw  the  fr*-u.* 

jr,  gr*,  in  the  opposite  direction,  thereby  having  a  u-n.K-ncvto  ti-hten  them  OB  UM 

/,  /».    These  two  forces  will  always  be  acting  in  contrary  direction!,  and  WJT  inen»M  i 

of  the  one  will  be  counteracted  by  the  other.    In  order  to  preTent  BUT  iu  in 

the  weights  at  the  end  of  the  bell-crank  levers  p,  p,  auddenly  deceeodinr  when  the  trie        m  tZ 

bands  or  straps  g,  g*,  alters  it  is  convenient  to  attach  to  the  'wefchU,  nhu*  an  Mil*  « 

dncal  or  other  convenient  form,  a  piston,  which  L,  made  to  work  in  a  o  Under  «      i 

or  dash-pot  is  supplied  with  water,  and 


as  the  piston  is  made  pretty  nearly  to 

fit  the  internal  diameter  of  the  cylinder 

q,  the  water  will  to  some  extent  mode- 
rate and  regulate  the  motion  of  the 

weights,  and  will  prevent  them  from 

jumping  up  and  down.  It  is  conve- 
nient to  cause  the  friction-wheels  to 

rotate  or  work  in  water,  as  shown  at 

Fig.  1270,  for  the  purpose  of  keeping 

them  cool. 

When  a  dynamometer  apparatus 

js  employed  in  conjunction  with  the 

paying-out  apparatus,  for  the  purpose 

of  indicating  the  changes  that  take 

place  from  time  to  time  in  the  tension 

of  the  cable,  Appolcl  employs  an  appa- 
ratus constructed  upon  an  improved 

plan,  whereby  weights  are  dispensed 

with,  and  springs  employed  in  place 

thereof.     The  cable  when  delivered 

from  the  paying-out  apparatus  above 

described,  passes  from  the  delivery 

pulley  under  or  over  a  movable  pulley, 

which  is  mounted  on  a  block  that 

works  up  and  down  in  vertical  guides. 

This  block  is  supported  at  a  given 

altitude  in  the  guides  by  means  of 

coiled  or  other  springs  placed  either 

above  or  below  the  pulley,  which  is 

made  to  bear  against  the  cable,  and 

as  the  tension  thereof  varies,  so  the 

pulley  with  its  block  is  caused  to  rise 

or  fall  in  its  guides,  as  is  well  under- 
stood in  reference  to  ordinary  dynamo- 
meters. This  invention  shows  that 

John  George  Appold  was  a  man  of 

considerable  genius  and  profound  me- 
chanical skill. 

The  Prony  dynamometer-irafe  employed 

by  J.  B.  Francis  in  making  experiments 

on  hydraulic  motors  is  shown  in  Figs.  1271, 
1272;  Fig.  1271  is  a  sectional  elevation, 
and  Fig.  1272  is  a  sectional  plan.  The  fric- 
tion-pulley A  is  of  cast  iron,  5-5  ft.  in 
diameter,  2  ft.  wide  on  the  face,  and  3  in. 
thick.  It  is  attached  to  the  vertical  shaft  by 
the  spider  B,  the  hub  of  which  occupies  the 
place  on  the  shaft  intended  for  the  bevel- 
gear.  The  friction-pulley  has  on  its  interior 
circumference  six  fays  C,  C,  corresponding 
to  the  six  arms  of  the  spider.  The  bolt- 
holes  in  the  ends  of  the  arms  are  clightly 
elongated  in  the  direction  of  the  radius,  for 
the  purpose  of  allowing  the  friction-pulley 
to  expand  a  little  as  it  becomes  heated, 
without  throwing  much  strain  upon  the 

•  spider.  When  the  spider  and  friction-pulley 
are  at  the  same  temperature,  the  ends  of 
the  arms  are  in  contact  with  the  friction- 
pulley.  The  friction-pulley  was  made  of 
great  thickness  for  two  reasons.  When 
the  pulley  is  heated,  the  arms  cease  to 
be  in  contact  with  the  interior  circum- 
ference of  the  pulley,  consequently  they 
would  not  prevent  the  pressure  of  the  brake  fron 
great  stiffness  necessary  in  the  pulley  itself.  Ag 
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increases  more  regularity  in  the  motion,  operating,  in  fact,  as  a  fly-wheel,  in  equalizing  snmll 
irregularities. 

The  brakes  E  and  F  are  of  maple  wood ;  the  two  parts  are  drawn  together  by  the  wrought- 
iron  bolts  G  G,  which  are  2  in.  square. 

The  fall-crank  F1  carries  at  one  end  the  scale  I,  and  at  the  other  the  piston  of  the  hydraulic 
REGULATOR  K ;  this  end  carries  also  the  pointer  L,  which  indicates  the  level  of  the  horizontal  arm. 
The  vertical  arm  is  connected  with  the  brake  F  by  the  link  M,  Fig.  1273. 

The  hydraulic  regulator  K,  Figs.  1271,  1272,  and  1274,  is  a  very  important  addition  to  tlm 
Prony  dynamometer-brake,  first  suggested  by  Boyden  in  1844.  Its  office  is  to  control  aiid  modify 
the  violent  shocks  and  irregularities  which  usually 
occur  in  the  action  of  this  valuable  instrument,  and 
are  the  cause  of  some  uncertainty  in  its  indications. 

The  hydraulic  regulator  used  in  these  experiments 
consisted  of  the  cast-iron  cylinder  K,  about  1  '5  ft.  in 
diameter,  with  a  bottom  of  plank,  which  was  strongly 
bolted  to  the  capping-stone  of  the  wheel-pit,  as  repre- 
sented in  Fig.  1271.     In  this  cylinder  moves  the  piston 
N,  formed  of  plate  iron  0'5  in.  thick,  which  is  con- 
nected with  the  horizontal  arm  of  the  bell-crank  by 
the  piston-rod  O.    The  circumference  of  the  piston  is 
rounded  off,  and  its  diameter  is  about  ^  in.  less  than 
the  diameter  of  the  interior  of  the  cylinder.      Tho 
action  of  the  hydraulic  regulator  is  as  follows : — The 
cylinder  should  be  nearly  filled  with  water,  or  other  heavy 
inelastic  fluid.    In  case  of  any  irregularity  in  the  force  of 
the  wheel,  or  in  the  friction  of  the  brake,  the  tendency  will 
be  either  to  raise  or  lower  the  weight ,  in  either  case  tho 
weight  cannot  move,  except  with  a  corresponding  movement 
of  the  piston.     In  consequence  of  the  inelasticity  of  tho 
fluid,  the  piston  can  move  only  by  the  displacement  of  a 
portion  of  the  fluid,  which  must  evidently  pass  between  the 
edge  of  the  piston  and  the  cylinder ;  and  the  area  of  this 
space  being  very  small,  compared  to  the  area  of  the  piston, 
the  motion  of  the  latter  must  be  slow ;  giving  time  to  alter 
the  tension  of  the  brake-screws  before  the  piston  has  moved 
far.     It  is  plain  that  this  arrangement  must  arrest  all  vio- 
lent shocks ;  but,  however  violent  and  irregular  they  may 
be,  it  is  evident  that,  if  the  mean  force  of  them  is  greater 
in  one  direction  than  in  the  other,  the  piston  must  move  in 
the  direction  of  the  preponderating  force,  the  resistance  to 
a  slow  movement  being  very  slight.    A  small  portion  of 
the  useful  effect  of  the  terbine  must  be  expended  in  this 
instrument ;  probably  less,  however,  than  in  the  rude  shocks 
the  brake  would  be  subject  to  without  its  use. 

For  the  purpose  of  ascertaining  the  velocity  of  the  wheel, 
a  counter  was  attached  to  the  top  of  the  vertical  shaft,  so 
arranged  that  a  bell  was  struck  at  the  end  of  every  fifty  revolutions  of  the  wheel. 

To  lubricate  the  friction-pulley,  and  at  the  same  time  to  keep  it  cool,  water  was  let  on  to  its 
surface  in  four  jets,  two  of  which  are  shown  in  Fig.  1272.  These  jets  were  supplied  from  a  large 
cistern,  in  the  attic  of  the  neighbouring  building,  kept  full  by  force-pumps.  The  quantity  of 
water  discharged  by  the  four  jets  was,  by  a  mean  of  two  trials,  0-0288  cubic  ft.  a  second. 

In  many  of  the  experiments  with  heavy  weights,  and  consequently  slow  velocities,  oil  was  used 
to  lubricate  the  brake,  the  water,  during  the  experiment,  being  shut  off.  It  was  found  that,  with 
a  small  quantity  of  oil,  the  friction  between  the  brake  and  the  pulley  was  much  greater  than  when 
the  usual  quantity  of  water  is  applied ;  consequently,  the  requisite  tension  of  the  brake-screws  was 
much  less  with  the  oil,  as  a  lubricator,  than  with  water.  This  may  not  be  the  whole  cause  of  the 
phenomenon ;  but,  whatever  it  may  be,  the  ease  of  regulating  in  slow  velocities  is  incomparably 
greater  with  oil,  as  a  lubricator,  than  with  water  applied  in  a  quantity  sufficient  to  keep  the  pulley 
cool.  The  oil  was  allowed  to  flow  on  in  two  fine  continuous  streams ;  it  did  not,  however,  prevent 
the  pulley  from  becoming  heated  sufficiently  to  decompose  the  oil,  after  running  some  time,  which 
was  distinctly  indicated  by  the  smoke  and  peculiar  odour.  When  these  indications  became  very 
apparent,  the  experiment  was  stopped,  and  water  let  on  by  the  jets,  until  the  pulley  was  cooled. 
As  the  pulley  became  heated,  the  brake-screws  required  to  be  gradually  slackened. 

In  the  experiments,  in  Table  II.  (see  TURBINE  WATER-WHEEL),  the  lubricating  fluid  was  as 
follows : — 

In  the  first  twenty-six  experiments,  water  alone  was  used. 

In  the  four  experiments  numbered  from  27  to  30,  three  gallons  of  linseed-oil  were  used. 

In  all  the  experiments  requiring  a  lubricator,  and  numbered  from  31  to  48,  inclusive,  linseed- 
oil  was  used. 

In  experiments  49  and  50,  resin-oil  was  used. 

In  experiments  numbered  from  51  to  60,  inclusive,  water  alone  was  used. 

In  experiment  61,  resin-oil  was  used. 

In  experiment  62,  resin-oil  and  a  small  stream  of  water  were  used ; — in  the  latter  part  of  the 
experiment,  a  good  deal  of  steam  was  generated  by  the  heat  of  the  friction-pulley. 

In  experiment  63,  resin-oil  alone  was  used. 
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In  experiments  numbered  from  66  to  72,  inclusive 
In  experiments  numbered  from  73  to  79, 


In  experiments  numbered  from  81  to  84,  inclnsive  water  alotu 
In  experiments  85  and  86,  resin-oil  and  a  small  stream  of  wau-r^ 
In  experiment  87,  resin-oil  alone  was  used 
In  exeriments  90  and  91  wa 


,  -o    aone  was  used 

In  experiments  90  and  91,  water  alone  was  used 
In  experiment  92,  resin-oil  and  a  small  stream  of  water  were  uwd. 


wheel,  and  was  keyed  on  to  the  vertical*  shaft  Q 
which  turned  freely  on  a  step  resting  on  the  wlu-el- 
pit  floor.  The  upper  end  of  the  shaft  carried  the 
hand  R,  Fig.  1271,  and  directly  under  the  hand  was 
placed  the  graduated  semicircle  S,  divided  into  180° 
When  the  vane  was  parallel  to  a  tangent  to  the  cir- 
cumference of  the  wheel,  drawn  through  the  point 
nearest  to  the  axis  of  the  vane,  and  the  vane  was  in 
the  direction  of  the  motion  of  the  wheel,  the  hnnd 
pointed  at  0°,  and,  consequently,  when  the  vane  was 
in  the  direction  of  the  radius  of  the  wheel,  the  hand 
pointed  at  90°.  To  prevent  sudden  vibrations  of  the 
vane,  a  modification  of  the  hydraulic  regulator  was 
attached  to  the  lower  part  of  the  vane-shaft.  This 
apparatus  is  represented  in  detail  by  Figs.  1275,  1277. 

The  quantity  of  water  discharged  by  the  wheel 
was  gauged  at  a  weir  erected  for  the  purpose  at  the 
mouth  of  the  wheel-pit. 

As  the  water  issued  from  the  orifices  of  the  turbine 
with  considerable  force,  particularly  when  the  velocity 
of  the  wheel  was  much  quicker  or  slower  than  that 
corresponding  to  the  maximum  coefficient  of  effect, 
there  were  often  such  violent  commotions  in  the  wheel- 
pit,  that,  unless  some  mode  was  adopted  to  diminish 
them  before  the  water  reached  the  weir,  or  even  the 
place  where  the  depths  on  the  weir  were  measured, 
it  would  have  been  impossible  to  make  a  satisfactory 
gauge  of  the  water.     For  this  purpose  a  grating  was 
placed  across  the  wheel-pit.     This  grating  presented 
numerous  apertures,  nearly  uniformly  distributed  over 
its  entire  area,  through  which  the  water  must  pass. 
In  the  experiments  with  a  full  gate,  the  fall  from  the 
upper  to  the  lower  side  of  the  grating  was  generally 
from  3  to  4  in.    The  combined  effect  of  this  fall  and  of  tho 
numerous  small  apertures  was  to  obliterate  almost  entirely  the 
whirls  and  commotions  of  the  water  above  tho  grating.    About 
4'5  ft.  in  length  of  the  grating  was  so  nearly  closed  that  but 
little  water  passed  through  that  part  of  the  grating  ;  thin  made 
it  very  quiet  in  the  vicinity  of  the  gauge-box. 

The  weir  consisted  of  two  bays  of  nearly  equal  length  ;  tho 
crest  of  the  weir  was  almost  exactly  horizontal,  and  the  extreme 
variation  did  not  exceed  0  •  01  in.  The  cret-t  of  tho  weir  WM  of 
cast  iron,  planed  on  the  upper  edge,  and  also  on  the  upstream 
face,  to  a  point  1*125  in.  below  the  top;  below  this  there  WM  ft 
small  bevel,  also  planed,  the  slope  of  which,  on  an  average,  WM 
•fg  in.  in  a  height  of  f  in.  ;  the  remainder  of  the  casting  WM 
unplaned.  The  crest  of  the  weir  was  ?  in.  thick,  and  WM  hori- 
zontal. The  upstream  edge  was  a  sharp  corner.  Tho  ends  of 
the  weir  were  of  wood,  and  of  the  same  form  n«  the  erect, 
except  that  there  was  no  bevelled  part.  Tho  erost  of  the  weir 
was  about  6  '5  ft.  above  the  floor  of  the  wheel-pit.  T! 
of  the  weir  projected  from  the  walls  of  the  wheel-pit,  and  »!-> 
from  the  central  pier,  a  mean  distance  of  1  -235  ft.  The  length 
of  one  bay  was  8  '489  ft.,  and  of  the  other  8  491  ft.,  making  the  tntol  length  "f  lb«  » 

The  depth  of  the  water  on  the  weir  was  taken  in  a  gauge-box  by  mnuw  of  UM  hook^pl 
which  is  represented  in  detail  in  Figs.  1278  to  1280. 

The  hook-gauge  is  the  invention  of  Boyden,  and  in  an  instrument  «rl 
hydraulic  experiments.    In  '  Versuche  iiber  den  auxfluM  de»  vnmfnd 
klappen  und  ventile,'  by  Julius  Weisbach,  Li-ip/  -«  1,  '•  dewribwl 

observing  heights  of  water,  having  a  slight  resemblance  to  the  )n«k-K»« 
by  Boyden  in  a  more  perfect  form  several  years  previous  to  the  pMMMN 
other  known  methods  of  measuring  tho  heights  of  the  surface  of  utill  waUr  • 
moded  by  the  effects  of  capillary  attraction  :  thin  instrument,  on  tk*  MM 
ordinary  precision  to  that  phenomenon.    The  point  of  the  book  A,  Fig.  1 
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1278. 


1279. 


coinciding  with  the  surface  of  the  water.  If  the  point  of  the  hook  should  be  a  very  little  above 
the  surface,  the  water  in  the  immediate  vioinity  of  the  hook  would,  by  capillary  attraction,  be 
elevated  with  it,  causing  a  distortion  in  the  reflection  of  the 
light  from  the  surface  of  the  water.  The  most  convenient 
method  of  observing  with  this  instrument  is,  first,  to  lower 
the  point  of  the  hook,  by  means  of  the  screw,  to  a  little 
distance  below  the  surface;  then  to  raise  it  again  slowly,  by 
the  same  means,  until  the  distortion  of  the  reflection  begins  to 
show  itself;  then  to  make  a  slight  movement  of  the  screw  in 
the  opposite  direction,  so  as  just  to  cause  the  distortion  to  dis- 
appear ;  the  point  will  then  be  almost  exactly  at  the  level  of 
the  surface. 

With  no  particular  arrangements  for  directing  light  on  the 
surface,  differences  in  height  of  O'OOl  ft.  are  very  distinct 
quantities ;  but  by  special  arrangements  for  light  and  vision, 
differences  of  O'OOOl  ft.  might  be  easily  appreciated. 

As  this  instrument  cannot  be  efficiently  used  in  a  current,  it 
was  placed  in  a  box  in  which  the  communication  with  the  ex- 
terior was  maintained  by  a  hole,  when,  by  partially  obstructing 
this  communication,  the  extent  of  the  oscillations  could  be 
diminished  at  will. 

For  very  exact  observations  it  is  essential  that  the  surface 
of  the  water  should  be  at  rest.  If.  however,  it  should  oscillate 
a  little,  a  good  mean  may  be  obtained  by  adjusting  the  point 
of  the  hook  to  a  height  at  which  it  will  be  visible  above  the 
surface  of  the  water  only  half  the  time. 

The  movable  rod  to  which  the  hook  was  attached  was  of 
copper,  and  graduated  to  hundredths  of  feet,  but  by  means  of 
the  vernier  thousandths  were  measured,  and  in  some  cases  ten 
thousandths  were  estimated.  In  later  and  more  perfect  forms 
of  this  instrument,  the  point  of  the  hook  is  immediately  under 
the  graduation. 

The  heights  of  the  water  in  the  fore-bay  and  in  the  wheel- 
pit  were  taken  by  means  of  gauges,  placed  in  the  gauge-boxes. 
Both  gauges  were  graduated  to  feet  and  hundredths,  and  both 
had  the  same  zero-point,  namely,  the  level  of  the  crest  of  the 
weir,  so  that  the  difference  in  the  readings  at  the  two  gauges 
gave  at  once  the  fall  acting  upon  the  wheel ;  and  the  difference 
between  the  depths  of  the  water  on  the  weir,  as  observed  at  the 
hook-gauge,  and  the  reading  at  the  gauge,  gave  the  fall  at  the 
grating. 

The  heights  of  the  regulating-gate  were  taken  at  the  rack. 
The  weights  used  for  measuring  the  useful  effect  were  pieces  of 
pig-iron  of  various  sizes,  each  of  which  had  been  distinctly 
marked  with  its  weight. 

Mode  of  Conducting  the  Experiments. — A  separate  observer 
was  appointed  to  note  each  class  of  data;  the  time  of  each 
observation  was  also  noted,  which  gave  the  means  of  identifying 
simultaneous  observations.  To  accomplish  this,  each  observer 
was  furnished  with  a  watch  having  a  second-hand ;  the  watch 
by  which  the  speed  of  the  wheel  was  observed  was  taken 
as  the  standard ;  all  the  others  were  frequently  compared  with 
it,  and  when  the  variations  exceeded  ten  or  fifteen  seconds 
they  were  either  adjusted  to  the  standard,  or  the  difference 
noted. 

This  mode  of  observing  mnst,  evidently,  lead  to  more  precise 
results  than  that  in  which  a  single  observer,  however  skilful, 
undertakes  to  note  all  the  phenomena,  or  even  several  of  them. 
By  the  method  adopted  a  regular  record  is  made  of  the  state  of 
things  at  very  short  intervals,  furnishing  the  data  for  a  mean 
result  for  any  required  period,  and  also  the  means  of  detecting, 
in  most  cases,  the  causes  of  apparent  discrepancies.  It  also 
relieves  the  experimenter  from  the  distraction  of  having  nume- 
rous exact  observations  to  make  in  a  very  short  time,  and  leaves 
him  much  more  at  liberty  to  exercise  a  vigilant  "watch  over  the 
general  course  of  the  experiment. 

As  it  may  be  useful  to  experimenters  not  accustomed  to 
this  mode  of  observing,  and  at  the  same  tune  afford  the  reader 
some  means  of  judging  of  the  accuracy  of  the  results  ob- 
tained hi  these  experiments,  the  following  extracts  are  given 
from  the  original  note-books.  The  extracts  include  the  data 
observed  for  experiment  numbered  30  in  Table  II.  (see  TURBINE 
WATEB-WHEEL).  This  experiment  is  selected  simply  because  it  gave  the  maximum  coefficient  of 
effect. 
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4"  43' added 

Weight  for  the  next  experiment 


SPEED  or  THK  WHEEL. 


Times  at  which  the 
Bell  struck. 

Differences. 

Time*  at  which  the 
BeHttraek. 

Whn    i 

TbM*  u  whfct  dw 
HfiiSE 

.— 

hrs.  min.       sec. 
4    55    58-00 
56    56-50 
57    55-25 
58    54-25 
59    53-00 

MC. 

58-50 
58-75 
59-00 
58-75 

bra.  min.     MC. 
5     0    52-00 
1    50-75 
2    49-50 
8    48-00 

•re 

59-00 
58-75 
58-75 
58-50 

hi*  BM.      MC 

5     4    47-00 
5    45  SO 

6    44-25 
7    43-00 

aroo 

5*40 
88-7S 
M-7I 

The  bell  struck  once  in  every  fifty  revolution*  of  the  whfrl, 
ELEVATION-  OP  THE  POINTER  OK  THE  BELI/-CKANK. 


Time. 

Height  of 
Pointer,  in  KeeL 

Time. 

B«%btaT 
Wrt«r.toK*rc 

Tlw. 

H4*trf 
MM?*** 

hrs.  min.    tec. 

bra.  min.    we. 

km   mla.  *r. 

4     55       0 

0-19 

4    59    30 

0  20 

540 

0-17 

30 

0-18 

500 

0-18 

• 

56 

0-13 

30 

0  19 

5 

OH 

30 

0  14 

1 

0-21 

• 

0  l« 

57 

0-15 

m 

0-17 

I 

0  19 

30 

0-19 

2 

0-20 

• 

0-19 

58 

0-20 

30 

0-19 

7 

0-16 

30 

0-19 

3 

0  19 

• 

0-14 

B8 

0-21 

30 

0-19 

The  extremity  of  the  pointer  was  6-5  ft.  from  the  fulcrum  of  the  bdl-<T»nk.    Wbm  UM 
horizontal  arms  of  the  bell-crank  were  level,  the  height  of  the  pointer  WM  0  JO  ft 

HEIGHT  or  THE  WATER  ABOVE  THE  WHEEL. 


Time. 


I  Height,  in  FeeL 


Time. 


Height,  In  Km. 


bra.  min.    MC. 
4    55      0 

15-100 

bra.  min.   ivc. 
4    59    SO 

15-110 

bn.  Bta.  M. 
540 

15-  IS* 

30 

15-100 

5      0 

15-115 

56 

15-100 

30 

15-120 

9 

30 

15-100 

1 

15-120 

M 

115 

57 

15-110 

30 

15-110 

6 

15  lift 

30 

15-115 

2 

15-105 

• 

110 

58 
30 

15-110 
15-100 

30 
3 

15*100 
15-115 

7 

m 

110 

no 

59 

15-105 

80 

15-125 

The  top  of  the  weir  U  the  tero-point  of  the  (Mf*  to  lk»  fcl»taf. 

HEIGHT  or  THE  WATD  Arm  rumxQ  TW 


Time. 

Height,  in  Feet 

TtaM. 

I***** 

T*             *~^~ 

bra.  min.    sec. 
4    56      0 
30 
57 
30 
58 
30 

2-20 
2-21  „ 
2-21 
2-21 
2  21 
2-21 

hrt.   Wta.  ft 

500 
80 
.     1 

:  • 
S 

M 

•SI 

•si 

•SI 
•SI 
•SI 

.  ! 

tak.  vto>  •» 
•       4 
80 
.'. 

«•• 

» 

SS 

91 
SI 
11 
SI 

90 
ft 

59 

2-20 

8 

• 

30 

2-21 

80 

w 

The  top  of  the  weir  u  UM  itfo-potol  of  Ifc*  «*•«•  fc  U»  vtart^U. 
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llEIGHT  OF  THE   "WATER  ABOVE  THE   WEIR  BY   THE   HOOK-GAUGE. 


Time. 

Height,  in  Feet 

Time. 

Bright,  in  Feet. 

Time. 

Height,  in  Feet. 

bra.  min.    we. 

! 

bra.   min.  sec. 

hrs.  min.  sec. 

4    57       5 

1-8710 

5       1     10 

1-8690 

5      4    35             1-8730 

58     15 

1-8710 

1     45 

1-87(10 

5     50 

1-8725 

58    50 

1-8720 

2     15 

1-8720 

6     25 

1-8725 

59    20 

1-8730 

2     50 

1-8720 

6    55 

1-8725 

59    50 

1-8715 

3     15 

1-8715 

7    20 

1-8720 

5      0     15 

I-87V 

3    40 

1-8715 

7    45 

1-8713 

0    15 

r«70i 

4      5 

1-87:50 

The  zero  of  the  hook-gauge  was  0  •  002  ft.  below  the  top  of  the  weir. 
DIRECTION  OF  THE  WATER  LEAVING  THE  WHEEL. 


Time. 

Direction.                    Time. 

Direction. 

Time. 

Direction. 

lirs.   mill,      v  0. 

0             I 

hrs.   min.  see. 

0             1 

bra.  min.  see. 

O             I 

4    f>7      0 

59      0 

5       1       0 

57       0 

550 

58      0 

30 

57      0 

30 

59     30 

30 

59    30 

58 

59      0 

o 

58       0 

6 

59    30 

30 

58      0 

30 

57      0 

30 

57      0 

59 

58      0 

8 

60      0 

7 

59      0 

30 

58    30 

30 

58      0 

30 

57    30 

5      0 

57      0 

4 

59      0 

8 

59      0 

30 

57    30 

30 

56      0 

When  the  vane  pointed  in  the  direction  of  the  radius  of  the  wheel,  the  reading  of  the  index 
was  90°.    0°  was  in  the  direction  of  the  motion  of  the  wheel. 

Previous  to  the  commencement  of  the  experiments,  the  apparatus  for  measuring  the  useful 
effect  was  carefully  adjusted.  The  bell-crank  was  balanced  when  there  were  no  weights  in  the 
scale.  For  this  purpose  the  link  M,  Fig.  1273,  was  removed,  and  the  chamber  of  the  hydraulic 
regulator  filled  with  water ;  weights  were  theu  applied  to  the  top  of  the  bell-crank,  near  the  end 
to  which  the  hydraulic  regulator  was  attached,  until  the  whole  was  in  equilibrium,  the  final 
adjustment  was  made,  by  placing  a  weight  of  about  2  Ibs.  at  the  extremity  of  one  of  the  hori- 
zontal arms  of  the  bell-crank, — the  arm  was  retained  horizontally  until  a  signal  was  given,  when 
it  was  left  at  liberty  to  descend,  and  the  time  occupied  in  descending  a  certain  distance  was 
noted;  the  weight  was  then  removed  to  the  extremity  of  the  other  arm,  and  the  same  process 
repeated.  The  balance-weights  were  altered  until  the  times  of  descent  were  equal.  To  overcome 
as  much  as  possible  the  friction  of  the  fulcrum,  the  pin  forming  it  was  lubricated  with  sperm-oil, 
and  during  the  descent  the  head  of  the  pin  was  stmck  lightly  and  rapidly  with  a  small  hammer. 

After  the  bell-crank  was  satisfactorily  balanced,  the  link  M  was  reattached,  and  the  brake 
adjusted  by  means  of  the  screw  which  formed  the  connection  between  the  link  and  the  brake. 
It  was  adjusted  so  that  a  line  upon  the  brake  was  perpendicular  to  the  axis  of  the  link,  when  the 
horizontal  arm  of  the  bell-crank  was  horizontal.  The  length  of  the  brake  was  then  measured 
upon  this  line. 

Feot 

The  length  of  the  brake  as  thus  measured  was  found  to  be     ..      ..     9 -745 
The  effective  length  of  the  vertical  arm  of  the  bell-crank  was       . .     4  •  500 
And  the  effective  length  of  the  horizontal  arm  to  which  the  scale 
was  hung,  was      5 '  000 

9*745  x  5 

Consequently,  the  effective  length  of  the  brake  was —-= =    10  •  827778 

4*o 

The  gauges  in  the  fore-bay  and  in  the  wheel-pit  were  carefully  adjusted  by  levelling  from 
the  top  of  the  weir.  This  was  repeated  by  different  persons,  so  as  to  remove  all  chance  of  error. 

The  Hook-gauge  was  compared  with  the  weir  by  a  different  method.  When  the  regulating- 
gate  of  the  turbine  was  shut  down  as  tight  as  possible,  it  was  still  found  that  a  quantity  of  water 
leaked  into  the  wheel-pit,  exceeding,  a  little,  the  quantity  that  leaked  out  of  the  wheel-pit,  so 
that  a  small  quantity  continued  to  run  over  the  weir.  The  principal  leak  into  the  wheel-pit  was 
between  the  regulating-gate  and  the  lower  curb,  the  leather  packing  not  bein^  perfectly  adjusted. 
The  Hook-gauge  was  firmly  attached  to  a  post,  placed  in  the  wheel-pit  for  that  purpose,  and  at 
a  height  known  to  be  nearly  correct.  The  regulating-gate  was  closed,  and  after  the  water  had 
arrived  at  a  uniform  state,  the  height  of  the  water  at  the  Hook-gauge  was  noted,  and,  at  the  same 
time,  the  depths  of  the  water  on  the  weir  were  measured  directly  with  a  graduated  rule.  To 
perform  this  accurately,  a  board,  about  4  in.  long,  was  held  by  an  assistant  on  the  crest  of  the 
weir,  at  the  place  where  it  was  intended  to  measure  the  depth  ;  the  author  then  applied  the  rule, 
previously  well  dried,  vertically,  on  the  top  of  the  weir,  in  front  of  the  board.  On  first  immersing 
the  rule,  the  water  in  contact  with  it  did  not  stand  at  the  true  level  of  the  surface,  but  formed  a 
little  hollow  around  the  rule ;  it  immediately  commenced  rising,  however,  and  after  a  few  moments 
came  to  a  level,  whnh  was  indicated  by  the  reflection  of  a  light  from  the  surface,  a  lamp  being 
held  by  an  assistant,  In  a  proper  position,  for  that  purpose. 
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°S7  ..      ..  Ol« 

0-37 

0  37  ~     ..      .. 

Cleans..      ..  0-8675  ..     ..     ..  Q-M 

Or  in  feet   ..  0-0306  „     ..  ,,  ,  .,., 


he  readme  of  the  Flnnh  • 

the  mean  depth  upon  the  weir. 

During  the  experiment*,  the  level*  of  the  water  in  the  upper  and  lowor  —— «•  ww»  • 
nearly  uniform.     The  height  of  the  lowei  caual,  at  the  plaoewbere  tb*  »»trr   i«* 
fell  into  it,  varied  a  little,  depending  upon  the  quantity  of  water  rtisrhoisi  d  *  trri 
was  highest  when  the  wheel  was  running  with  the  n^uUtinjr^aU  fully  rrklt  ixJ  Uw  ho*h» 
removed;  under  these  circumstance*  the  surface  of  the  water  WM  f no  0  3  It  to  0-4  It  Uiowfl 
top  of  the  weir.     In  the  other  experimenU  with  the  regulating-cato  fully  ratesd.  ta» 
the  top  of  the  weir  to  the  surface  of  the  water  in  the  lower  canal  was  from  0-4  ft.  fc,  ••«  ft. 
brackets  and  the  planks  were  not  put  on  until  aftrr  the  turbine  ex  MTU 


that  the  water  passing  the  weir  met  with  no  obstruction  until  it  »truoktbe 
The  obstruction  caused  by  the  plank*  was  scarcely  appreciable,  «htd 
the  effect  of  the  lower  canal,  in  obstructing  the  flow  over  the  weir,  • 
inappreciable. 

Emerson's  Dynamometer- Brake. — A  reliable  dynamometer-brake,  like  <hH  of  Ji 
Fig.  1281,  which  would  show  the  amount  of  power  transmitted  at  all  times  aad 
stances,  is  a  useful  instrument.     When  the  object  is  merely  to  ascertain  UK   ai_ 

required  by  a  single  machine,  a  series  of  machines,  or  a  line  of  shafting,  or  UM . 

of  transmitting  power,  a  temporary  attachment  of  the  power-measurer.  Fig.  101.  will  bo  eaaVisat : 
but  there  are  cases  where  a  permanent  attachment  of  the  device  M  desirable.  8aca  ai»  afl  onsa* 
where  the  users  of  mechanical  power  are  hirers,  and  pay  so  much  for  each  bone-powar  asod  TW 
method  of  guessing  or  averaging,  based  on  width  of  belt,  site  of  palltys,  aad  woigat  of  oaafttaf.  a> 
hardly  accurate  enough  where  the  cost  of  production  of  power  is  felt,  as  when  Uw  povor  Is  saffSai 
from  a  steam-engine,  or  a  water  source  liable  to  diminish  in  amoawt,  or  toil  eatsrely  Taa 
dynamometer-brake  should  also  be  so  simple  in  construction,  aad  so  exact  la  rpamlna.  M  to  to) 
readily  understood,  and  afford  no  possible  or  j~**«nHr  eanse  far  eoatrovany  hatvaaa  htrar  aad 
letter  of  power.  Such  is  the  design  of  the  device  of  Baorsoa. 

It  is  very  simple  in  construction,  and  direct  in  operation.    The  palWy  A  is  looa*oa  the 
and  receives  the  power.     Its  connection  with  the  shaft  is  mad*  by  meaas  of  a 


screwed  firmly  to  the  shaft  in  close  contiguity  with  UM  looalrlag  paUsy,  tto  baa.  ta  tort,  frrmtog 
one  of  the  guides  to  the  position  of  the  pulley  on  the  shaft  To  eaaaoot  this  flsad  wasel  with  UM 
loose  receiving  pulley,  a  bell-crank  lever  is  pivoted  into  pmlMiag  ears  oa  UM  rtm  of  UM  iswd 
wheel  on  opposite  sides,  the  long  arm  of  which  connects  with  aa  annular  slotted  esttor  oa  UM 
shaft  by  means  of  the  short  ban  B.  The  abort  anas  of  the  bvll-eraah  Wvors  aaaaaal  oa  UM 

of  the  fixed  wheel  with  two  radial  bars,  oae  paiaUol  to  UM  oator  am  of  la*  I 
the  other  at  right  angles  to  it,  receiving  near  its  appor  end  a  |.i«<4  psaahat  UMST -k 
to  the  rim  of  the  fixed  wheel,  and  foring  ito  extreme  aad  pivotsd  toTstad  ted 
of  the  rim  of  the  receiving  pulley.    It  will  ha  a*oa  from  thie  iasflpHu  that  UM  stoato  at  UM 


power  received  through  the  belt  on  A  will  necessarily  met  aa  UM  lever*  aad.  thjaajga  tassa.  aa 
the  fixed  wheel,  which  may  be  considered  nothing  more  aor  Jeso  thaaa  iaii|i  it  to  l«—  Wvavai 
sustaining  tbrm  in  tuition  to  connect  UM  loose  receiving  palls?  with  tW  abaft 


sustaining  tin  in  in  pi 

At  B  tt  will  be  seen  the  levers  are  ooaaoetoJ  by  pivots' 
groove  of  which  is  seated  a  strap  with  which  is  eoanoptod  a  forked  lovar. 
the  end  of  the  long  arm  of  this  lever  a  rod  with  a  abort  swttoa  of 


This  chain  runs  over  the  cylindrical  hcoxl  I)  of  a  p**d«hMs  ••%>!  K»  ho«ts«  •  pototo*  UM« 
traverses  a  fixed  quadrant  Y,  properly  di  idod  by  a  snalo  to  donate  UM  fotolrw  MOM**  osortod 
through  the  medium  of  the  rweivinf  paL  ij  OB  UM  ehtA  TU  p^lry  U  is  ii«d  to  UM  otoA  osrf 

delivers  the  power. 

It  will  b<«  «^iMh»t  all  the  motiniM  ers  aheo|«K  UMT«  to^  M 


except  that  of  joints  and  pivoto:  and  this    . 

—too  little  to  be  taken  into  eonoidoratlos)  pnrttoallv.    Tito**  is  no  defi 

spiral,  or  other  forms,  which  are  so  liable  to  ho  sJootod  by  chMfw  of 


unreliable  Wt ween  extremes  of  itimiiii  It  fa  a  wilfbhsi  maabtoa  as  oaaaot  to  i  ito  iaj 
old-fashioned  steelyards  or  UM  tihutoa  soslss;  ia  mot,  it  I*  ateaty  a  MtofV  paitoniai 
each  machine  may  he  weighed  and  toted  in  plaot  by  haagtag  to  UM  pattry  Aosasai 
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and  marking  the  index  as  each  weight  is  added.  The  lengths  of  the  connecting-bars  and  chain 
are  adjustable.  The  machine  may  be  made  of  different  sizes,  and  in  different  styles,  suitable  for 
testing  all  kinds  of  machinery.  One  kind  especially  adapted  for  spinning-frames,  looms,  &c. ; 
another  to  be  connected  by  belt  to  a  line  of  shafting,  or  any  kind  of  machine.  And  one  especially 
adapted  for  testing  turbine  water-wheels,  to  which  it  is  easily  applied,  with  but  comparative 
small  expense. 

1281. 


John  F.  Oilman's  Hemp-Brake  has  an  adjustable  cross-rail  I,  Fig.  1282,  secured  to  two  inclined 
arms  J  arranged  in  front  of  the  revolving  beaters  D  in  such  a  manner  as  to  admit  of  the  cross-rail 
being  adjusted  higher  or  lower  when  the  hemp  is  passed  over  it  on  its  passage  to  the  beaters ;  the 
beaters  being  operated  by  means  of  the  cog-wheel  C. 


1282. 


1283. 


In  the  Flax  and  Hemp  Brake  of  A.  W.  Hall,  Figs.  1283,  1284,  a  bar  F  underlies  all  the  beaters 
0,  and  by  means  of  a  lever-handle  may  be  turned  up  edgewise  to  raise  all  the  beaters  evenly  wn( 
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ni 


so  that  the  beaters  will  work  coutvely  in  p 
and  perform  the  operations  of  braking,  scntchin/ai 
feeding  simultaneously.   The  knivwu?  and  •aws/are 
attached  to  a  few  only  of  the  beaters  on  the  dwchanre 
aide  of  the  machine  to  cut  the  flax  or  hemp,  and  a£o 
to  separate  the  fibre  from  the  woody  portion 
divide  it  into  finer  threads. 

Fig.  1285  shows  J.  Bryant's  Hemp  and  Flax  Brake 
A  ia  the  frame,  B  the  bed,  and  H  the  trwulle.  The' 
beater  C  is  operated  in  such  a  manner  that  in  the 
event  of  its  being  impeded  by  tough  hemp  or  flax,  it 
may  yield,  and  thus  avoid  undue  straining.  To  thin 
end  the  rod  E,  which  connects  this  water  with  the 
working-beam  F,  is  pivoted  at  its  upper  end  to  a  zig- 
zag bar  A',  which  has  a  limited  range  of  motion  on  a 
pivot  which  secures  it  to  the  beam.  A  strong  spring 
G  upon  the  top  of  the  beam  bears  constantly  on  the 
zig-zag  bar  to  hold  it  quite  rigidly,  but  yet  allow  it 
and  the  beater  to  yield  slightly  when  necessary. 

See  AGRICULTURAL  IjmjmMrre.    Ban.    DnAnoaurra.    Fnono*.    GBAUM. 

BBANDERLNG.    FB.,  Bnftir  let  ***»  de  mfyes;  OBL,  &•**»;   ITAU, 

Brandering  is  the  covering  of  the  under-side  of  joists  with  1  illajsj  about  1  in.  i 
section  and  12  to  14  in.  apart,  to  nail  the  laths  to,  in  order  to  secure  a  bettor  fay  far 

of  a  ceiling. 

BRAN-SEPABATOB.    Fa,  Dodinage  ;  GIB.,  KUuub;  ITAL,  FnOomt;  STAI 

aoierto. 

See  BAKU  MACHINERY,  p.  228,  Figs.  544,  545. 

BRASS.    FB.,  Laiton,  CuivrejauM  ;  GKR.,  Melting  ;  ITAU,  OUomt  ;  8rA», 
See  ALLOYS,    ANTIMONY,    BUMITH,    Coma,    LEAD,    Tui,    Zinc. 

MANGANESE. 

BRAZING  COPPER.    FB.,  Soudure  d«  laiUm  ;  Go.,  IlartiMken  ;  ITAL.,  "xUtrt  «  maw. 
See  TIN  AND  COPPEB  PLATE  WOBKINU. 

BRAZING  SOLDERS.     FB.,  Souduret  ;  G«B.,  LWwUel  ;  ITAU,  SaUatmr*  fort*;  SrA»*&t 

dudurat. 

See  SOLDERING. 

BREAKWATER.     FB.,  Brlt^flot,,  Brue-lamu;   GOL,  WMmlnAm  ;   ITAU,  Jfcb.  £*•  * 

difesa,  fenneUo. 


to  tens*!  a* 


A  breakwater  is  a  kind  of  sea-wall  or  artificial  embankment,  taaml  of  larg*  stow*,  aad  «w4a4 
for  the  purpose  of  protecting  the  entrances  of  harbours  and  roadsteads  from  Uw  iajvfaw  sAc**  «f 
violent  winds,  by  breaking  the  force  of  the  sea;  the  shippinf  nworad  behind  UM 
secure.    A  breakwater  diners  from  a  bulwark  in  baring  water  at  both  sida*  of  H. 
the  site  of  a  breakwater,  it  should  be  so  chosen  as  to  present  a  barrier  to  the  warns  of  tb* 


up-stream 

position  the  breakwater  < 
the  weakest  ebb-current. 
a  deeper  slope  than  that  above, 
to  3-1  below,  and  from  4-1  to 

passing  over  the  place  where  the  inclination  changfe.     The  lack  a?  a 
is  usually  also  vertical ;  that  of  a  sloping  or  omnhioni  bmakwtt 
is  vertical ;  in  other  cases  it  only  diners  from  the  front  in  baring  • 
with  smaller  blocks. 

The  breakwater  in  Delaware  Bay  was  desjgnrf  Dot  only  to  farm  an  irtiimil  rmdstaad.  slwJtosss) 
from  the  effects  of  the  prevailing  winds,  bat  also  from  Uw  liiift  toe  hromjht  w»w»  ewaskasjaOj  to 
huge  quantities  from  the  upper  part  of  the  Hchuylkill  and  Delaware  rivsta, 

The  transverse  section  of  the  breakwater  was  made  M  fellows :— The  tosjar  stop*  towojiis  ttw 
harbour  was  formed  at  an  angle  of  45°  with  Uw  borison  :  the  top  WM  made  M  Ml  wMo,  e*d  ai 
5  ft.  4  in.  above  the  level  of  the  highest  spring  tides.  The  eater  slope  wae  esjrttoi  •**».  wti*  •/• 
inclination  of  3  base  to  1  in  height,  toa  depth  of  ahtmt  10  ft  from  the  Hgfrml  savto*  ttdea,**! 
from  thence  to  the  bottom  at  an  angle  of  4^.  The  masa  of  the  work  hetwsa  Ito)  mm  M*sm  ami 
a  horizontal  place,  passing  at  6  ft  below  Uw  lowest  sprta*  tf4ea,  WM  farmed  of  stomw  vwkhtos] 
from}to2toiia.andtheak>pee<»vwyedwHhbloetoofftm«  BsCiawi 

this  point  and  the  plane  oomsp<.nding  with  the  lowest  oprimi  tfdea,  the  body  of  the  v«rfc  mt i  em> 
cuted  in  stones  weighing  from  )  to»|  tone,  piutootoil  otonmUj  by  blooki  weighsa*  *  toM  each  wl 
c  upoeTportion  was  formed  cSSSj  of  btoaks  wmfhtoai  flwmTto  I  toM,  tohl  M 
being  eorersd  with  Uw 


ast ;  and  the  upper  portion  w 
gularly  as  possible,  the  slopes 
See  DAM.   HABBOCR. 
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BREAD  MACHINE.  FB.,  Machine  de  boulangerie ;  GEB.,  Bachnaschine ;  ITAL.,  Macchina  da 
far  il  pane ;  SPAN.,  Mdquina  paria  fabricar  el  pan. 

BREAD  AND  BISCUIT  MACHINEBY. 

The  process  of  bread-making  is  closely  connected  with  that  of  fermentation.  Wheaten  flour 
consists,  essentially,  of  starch  and  gluten,  combined  with  a  small  portion  of  dextrine  and  sugar. 
The  tenacity  of  bread-dough  is  due  to  the  gluten  present  in  the  flour ;  the  dough  being  produced 
by  simply  mixing  the  flour  with  a  little  water. 

If  bread-dough  be  tied  up  in  a  piece  of  fine  muslin,  and  kneaded  under  a  stream  of  water,  the 
starch  will  be  suspended  in  the  water,  having  passed  through  the  muslin ;  the  gluten  remains  aa 
a  tough  elastic  mass,  which  soon  putrefies  if  exposed  to  the  air  in  a  moist  state,  and  dries  up  to 
a  brittle  horny  mass  at  the  temperature  of  212°  Fahr.  Gluten  is  a  compound  substance,  and  is 
found  to  contain  carbon,  hydrogen,  nitrogen,  and  oxygen,  in  the  proportions,  nearly,  of  24,  20,  3, 
and  7  respectively. 

When  gluten  is  boiled  in  alcohol,  a  portion  of  it  refuses  to  dissolve ;  this  portion  is  termed  vegetable 
fibrine.  When  this  dissolved  matter  and  alcohol  are  allowed  to  cool,  a  white  flocculent  substance, 
similar  to  the  caseine  which  composes  the  curd  of  milk,  is  deposited.  On  adding  water  to  this  cold 
solution,  the  tjlutine  is  separated,  which  resembles  the  albumen  found  in  considerable  quantities  in 
the  blood.  Although  gluten  presents  three  substances  similar  to  the  three  principal  components 
of  the  animal  body,  yet  gluten  separated  from  the  flour  by  the  process  just  described  would  be 
fouud  very  difficult  to  digest,  on  account  of  its  resistance  to  the  solvent  action  of  the  fluids  in  the 
stomach ;  for  it  is  well  known  that  bread-dough,  composed  of  flour  and  water,  even  when  baked, 
is  indigestible.  In  order  to  render  bread-dough  fit  for  food,  it  must  be  rendered  spongy,  that 
is.  porous,  so  as  to  expose  a  larger  surface  to  the  action  of  the  digesting  fluids ;  the  most  direct 
method  of  effecting  this  is  the  one  adopted  in  the  manufacture  of  aerated  bread,  which  consists  in 
mixing  the  flour  with  water  that  is  highly  charged,  under  pressure,  with  carbonic  acid  gas ;  the 
mixing  by  this  method  is  effected  in  a  closed  iron  vessel,  an  aperture  in  the  lower  part  of  which 
is  opened,  then  the  pressure  of  the  accumulated  gas  forces  the  dough  out  of  the  strong  iron  vessel 
into  the  air;  the  gas  which  has  been  confined  in  the  dough  expands  and  gives  porosity  and 
sponginess  to  the  dough. 

Another  process  for  preparing  unfermented  bread  consists  in  mixing  the  flour  with  a  little 
bi-carbonate  of  soda ;  this  mixture  is  then  made  into  dough  with  water  acidulated  with  hydro- 
chloric acid ;  the  bread  is  thus  rendered  porous.  The  chloride  of  sodium,  formed  at  the  same  time, 
remains  in  the  bread.  In  the  making  of  cakes  and  pastry,  the  same  object  is  attained  by  adding 
carbonate  of  ammonia  to  the  dough.  When  baking,  the  salt  is  converted  into  vapour  which 
distends  the  dough. 

The  tenacity  of  gluten,  even  in  wheaten  flour,  is  liable  to  variation ;  and  in  order  to  obtain 
good  bread  from  a  flour  the  gluten  of  which  is  inferior  in  this  respect,  it  is  customary  to  employ 
a  small  quantity  of  alum.  This  addition  being  considered  unwholesome,  it  would  be  better  to 
substitute  lime-water,  which  has  been  found  bv  Liebig  to  have  a  similar  effect.  Sulphate  of 
copper  improves  in  a  very  striking  manner  the  quality  of  the  bread  prepared  from  inferior  flour, 
but  this  salt  is  far  more  dangerous  than  alum. 

Wheaten  flour  is  particularly  well  fitted  for  the  preparation  of  bread  on  account  of  the  great 
tenacity  of  its  gluten.  Next  to  wheat,  with  respect  to  glutinous  capacity,  stands  rye ;  whilst 
the  other  cereals  contain  a  gluten  so  deficient  in  tenacity  that  they  cannot  be  converted  into 
good  bread. 

In  the  ordinary  process  of  bread-making,  the  carbonic  acid  that  confers  sponginess  upon  the 
dough  is  evolved  by  the  fermentation  of  the  sugar  contained  in  the  flour ;  the  flour  having  been 
kneaded  with  the  proper  proportion,  usually  about  half  its  weight,  of  water,  a  little  yeast  and  salt 
are  added,  and  the  mixture  is  allowed  to  stand  at  a  temperature  of  about  70°  Fahr.  for  some 
hours.  The  dough  swells  or  rises  considerably,  in  consequence  of  the  escape  of  carbonic  acid,  the 
sugar  being  decomposed  into  that  gas  and  alcohol,  as  in  ordinary  fermentation.  The  spongy 
dough  is  then  baked  in  an  oven,  heated  to  about  500°  Fahr.,  when  a  portion  of  the  water  and  all 
the  alcohol  are  expelled,  the  carbonic  acid  being,  at  the  same  time,  much  expanded  by  the  heat, 
and  the  porosity  of  the  bread  increased.  The  granules  of  starch  are  much  altered  by  the 
heat,  and  become  more  digestible.  Although  the  temperature  of  the  inside  of  a  loaf  does  not 
exceed  212°  Fahr.,  the  outer  portion  becomes  dry  and  hard,  the  hottest  part  being  scorched  into 
crust. 

Instead  of  yeast,  leaven  is  often  employed,  in  order  to  ferment  the  sugar :  leaven  is  a  name 
given  to  dough  which  has  been  left  in  a  warm  place  until  decomposition  has  commenced. 

The  passage  of  new  into  stale  bread  does  not  depend,  as  was  formerly  supposed,  upon  the 
drying  of  the  bread  consequent  upon  its  exposure  to  air,  but  is  a  true  molecular  transformation 
which  takes  place  equally  well  in  an  air-tight  vessel,  and  without  any  loss  of  weight.  It  is  well 
known  that  when  a  thick  slice  of  stale  bread  is  toasted,  which  dries  it  still  further,  the  crumb  again 
becomes  soft  and  spongy  as  in  new  bread ;  and  if  a  stale  loaf  be  placed  in  an  oven,  it  is  reconverted 
into  bread  resembling  new. 

With  William  Watson's  bread-making  apparatus,  Figs.  1286  to  1292,  the  entire  operation,  from 
the  mixing  of  the  flour  and  the  other  ingredients  to  the  final  deposit  of  the  dough  in  the  oven  for 
baking,  is  performed  by  machinery. 

The  mixer  consists  of  a  horizontal  cylinder,  with  flanges  at  each  end,  and  a  door  at  the  upper 
part,  throughout  its  length,  for  introducing  the  materials,  and  through  which  the  agitator  or 
stirrer  of  the  mixer  may  be  removed.  The  cylinder  is  supported  on  suitable  feet,  and  at  one  end 
is  enclosed  for  about  a  third  of  its  diameter  by  a  fixed  plate,  which  descends  below  the  flange, 
and  forms  the  base  or  foot  at  that  end ;  the  upper  two-thirds  of  the  cylinder  end  is  closed  by  a 
eluice-door,  which  can  be  raised  as  required  to  form  an  opening  for  the  exit  of  the  dough.  The 
other  end  of  the  cylinder  is  fitted  with  a  piston,  which  forms  a  close  end  for  the  cylinder  during 
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the  miring;  this  piston  can  be  traversed  in  the  cylinder,  in  which  it  flu  rattdenUv  ttakft fl» Ik* 
expulsion  of  the  dough.    An  opening  is  made  in  the  puton  for  the  pa*M*w  c 
agitator  of  the  mixer  which  axis  is  carried  by  a  bearing  rapported  bYabcecket  tnm  UM  AtnWTrf 
the  cylindrical  chamber;  the  axis  at  the  other  end  pa**ei i  through  anopeoi 
fitted  with  a  bearing  fixed  thereto,  or  the  bearing  mar  be  *eparately  tnntioitod  from  Ik*  I 
the  cylinder.    The  agitator  of  the  mixer  U  made  of  a  xig-ag  kind  o/nvmToooBpvinc  UM 
of  the  cylinder,  the  several  limbs  of  which  extend  aerott  the  rtitmrtnr  of  tht  iTHniLr.  and  i 
in  the  bame  plane,  the  angles  at  the  extremities  being  all  right  angi**,  or  nearly  aa     It  I 
central  axis  passing  through  it,  being  supported  by  a  abort  axi*  at  wh  cod  •*•*•*»•  ino  i 
holes  in  the  extreme  limbs  of  the  agitator,  which  increase  modi  in  ttrength  alUttM  MhLT 
order  to  strengthen  and  bind  the  several  radial  limb*  or  blade*  together;  tto-ivdc  are  di    •  - 
the  direction  of  the  axis,  but  distant  about  one-third  the  radio*  from  UM  centra.    TW  »b«M*  of 
the  central  axis  prevents  the  dough  collecting  in  the  centre  of  motion.    The  limb*  ara  ted 
both  sides  in  opposite  directions  on  opposite  aide*  of  the  axu.  In  the  urnrrr  of  a  men*,  m  til 
rotating  the  agitator  it  forces  the  dough  from  one  end  to  the  other  of  the  Mixer,  and  on  h*i*w 
reversed  carries  it  in  the  opposite  direction.    The  agitator  i* dropped  in  edgvwiw  by  •  terkbal 
the  door  above,  the  ends  of  the  cylinder  being  no  adjnsted  that  the  bean*  of  the  end  Ifmfrt  of  the 
agitator  bear  hard  against  the  ends  and  make  the  ax  i*- hole*  dough-tight ;  the  end  Mm*t  are  aba 
in  close  proximity  to  the  ends,  in  order  to  scrape  the  adhering  dough  tnm  then.    The  flam?,  watof 
and  other  ingredients  having  been  emptied  into  the  mixer,  motion  it  nnta*<*jnintjtoil  to  the  a  " 
by  winch-handles  at  either  end  on  the  axis,  or  by  means  of  a  wheel  and  ptatm    The  dough  1 
been  mixed,  the  agitator  and  its  axis  are  removed,  and  a  long  rack  placed  in  the  pitta  ra 
a  bearing,  substituted  for  the  axis-bearing,  which  is  removed ;  a  pinion  is  dimmed* in  Into  L 
rack,  the  axis  of  which  pinion  is  carried  by  bearing*  on  the  flange,  and  if  Ibemacaine  It 
may  be  driven  by  crank-handles  on  the  pinion  axis,  but  if  large,  a  multif 
fly-wheel  shaft  is  used,  by  communicating  motion  to  which  the 


M  flange,  and  if  the  mantlM  it  ••11. 
r  large,  a  multiplying  tootktd  gear  and 
bthe  pUton  wifi  Wbretd  forwwdtby 
fly-wheel  may  abo  b*  made  ntfctjnfat 


the  rack,  and  the  dough  expressed  as  required ;  the  same  fly-wheel  may  aL 
available  when  removed  by  placing  it  on  the  axu  of  the  agitator.  The  dutoa-door  OHM  by 
means  of  a  hand-lever,  and  is  so  adjusted  a*  to  emit  the  dedred  *^H^n*n  of  plattie  dougt.  vkfen 
is  of  a  width  proportionate  to  the  size  of  the  machine.  The  dough,  whan  •xprwaed,  fa  roatifud  ou 
an  endless  cloth  moving  on  rollers  and  other  supports,  which  it  tpeeded  to  travrl  at  UM  **m*>  rate 
as  the  expressed  dough ;  in  emerging,  the  dough  i«**es  under  a  duster,  a  perforated  box  «"»*»H- 
ing  flour  receiving  a  lifting  and  dropping  motion  from  a  cam  acting  on  a  lever  carrying  tudl  box ; 
it  then  passes  under  a  smooth  roller,  which  smooths  and  reduce*  the  dough  to  a  uniform  thidoMtm, 
and  under  two  or  three  rollers,  if  necessary.  The  thickue**  of  dough  which  i*  •uftVtant  for  UM 


cumfereiice ;  these  discs  are  disposed  on  the  abaft  at  distance*  apart,  according  to  UM  tit*  of  the 

loaf  to  be  made ;  there  are  also  dividing  edge*  placed  between  the  dite*,  parallel  with  UM 

separating  the  circumference  into  equal  part*,  which  are  two,  three,  or  more  in  number,  not 

to  the  size  of  the  loaves  to  be  formed  and  also  to  the  diameter  of  UM  divider  itadf.    Thi*  < 

is  driven  at  a  speed  uniform  with  the  endlosa  cloth,  down  upon  which  it 

plastic  dough  into  loaves.     It  does  not  actually  cut  the  dough,  UM  dividing  •«•«•  amt^  «WMM, 

but  simply  presses  sufficiently  deep  crease*  in  it  to  produce  the  tubttqutot  ttpnntion  required; 

thus  the  breadth  of  dough  is  cut  up  into  a  greater  or  lea*  number  of  knvtt,  aonnrdtut  to  Mi 

breadth :  after  passing  under  the  divider  the  divided  dough  ftmtt  from  UM  •ftdlp**  doth  M  to 

trucks  to  be  conveyed  into  the  oven.    The  cloth  turn*  backward*  under  it* 

under  which  the  trucks  are  pushed  forward*  at  *ame  rate  a*  UM  dot*  ' 

rails  up  to  the  oven-mouth.    The  cloth  dip*  a  little  at  the  delivery  < 

very  small  roller,  so  that  the  drop  of  the  dough  on  to  the  truck  i*  very  i 

same  speed  it  is  readily  carried  away  unintermittently  a*  it  i*  made,  and  i 

may  or  may  not  be  of  the  length  of  the  oven,  i*  puthed  forward  on  the  tote  until  tt  «HUfte*  ill 

position  therein. 

The  oven  is  constructed  of  two,  three,  four,  or  more  chamber*,  on*  abo»»  Math*,  fltth  «f 
width  of  dough  delivered  by  the  machinery;  thett  chamber*  are  of  CM!  or  wiw  •.  ptoi 

between  two  brick  walls,  running  from  end  to  end  of  UM  oven,  abort  UM  fl*M  dMtnbtr  nud 
the  other ;  the  fluet  traverse  from  end  to  tod.  UM  longitudinal  flue*  eommu 
opposite  ends,  so  that  the  mouth*  of  the  •everal  baking  chamber*  or  w»*«*i  are  alternate 
opposite  ends,  and  must  be  filled  in  oppodto  diwetioiM.    Th»  fire  and in*  flu*  *•!  il     Illlljr 
under  the  chamber,  and  i*  conaiderablv  narrower  than  UM  chamber,  in  or 
the  succeeding  and  upper  flue*  are  wider  than  the  low  MM,  but  ttifl  ajmtMl 
width  of  the  chambers,  in  order  to  prevent  exoeat  of  brat  at  the  dot*  near  « 
would  otherwise  be  apt  to  burn  the  bread  at  each  dd*x    Whta  m»  dumber 

•ifUxl  to  a  higher  one,  and  UM  next  truck  I*  canted  toto  UM  MXtdMtnk* 
il  all  thn  nvr>tiM  are  filled  nod  the  full  bntoh  ddlvtvud.     BttwutU)  UM  *V*  end 


ward*  under  iu  carrytef  rolto,  from 
the  dough  trawl*,  and  UMM  mo««  on 
divury  end,  and  turn*  hadl  under  ft 
uck  i.  terv  ali«»L  and  all  movm*  a4 


carrying  rail*  are  shifted  to  a  higher  one,  *J 

above,  and  so  on  until  all  the  oven*  are  filled 

lower  flue  and  the  flrrt  chamber  i*  a  cold-air  fln«,  whk-h  mil  Ml 

heat  of  the  fire ;  the  cold  air  traverdng  therein  it  admitted  to  the  Ire  »*nr  tk^dntr. ^  •»!• 

it  with  air  with  the  door  or  blower  clo*ed,  and  to  kunpi  1 

consist  simply  of  two  parallel  angle-iron*,  dbf0* 

and  mounted  on  four  or  more  wbeela.   TIM  botto 

front ;  the  door  beimr  jointed  to  theytocf  U*i?^J"*  *"AJ* JJ????  !/*,£ 
close  joint  both  wiU»  the  door  doted,  and  •  kvd  turfarr  w 
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BREAD  MACHINE. 

When  baked,  the  bread  is  withdrawn  from  the  oven,  and  may  be  broken 

distributed  as  usual. 


Watson,  also,  adapts  this  mixer  to  what  U  termed  the  expansion  ml 

doogk  **»«a  Mh  in* 


mixing  the  yeast  with  a  small  portion  of  the „ ,  __  _ 

portion,  and  so  on.    For  this  purpose  an  agitator  Unemployed  with 
fixed  radial  arms  therein,  which  have  bevelled  aide*. 

Fig.  1286  is  a  side  elevation  of  this  machine,  which  exhibit*  the 
usually  employed ;  Fig.  1287  represents  a  plan  of  the  woe  with  the 
Figs.  1288  to  1292  represent  some  of  the  part*  detached. 

Fig.  1288  is  a  vertical  longitudinal  section  of  the  mixing  and 
an  cud  view  of  the  same  at  the  end  from  which  it  U  dhrea. 


•?*•  of  Ukttf.  *•*  i* 
tnt  port**  wilt  a  ktc» 
hmghaxMaadMM.a^ 


Iron  united  together  by 
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f 


from  the  centre  of  motion  so  as  to  form  inclines  or  I291- 

screw  surfaces,  which  in  rotating  have  a  tendency  to 
force  the  material  on  which  they  are  operating  in  one 
direction,  that  is  to  say,  towards  the  end  of  the  vessel ; 
the  end  limbs  D'  D  are  somewhat  stronger  than  the 
others,  and  have  bosses  with  holes  in  which  short  shafts 
c,  c'  are  inserted  from  either  end,  and  motion  being 
communicated  to  which  causes  the  rotation  of  the 
mixer  To  transmit  the  motion  a  screw  wheel  or  pinion 
d  is  fixed  on  the  shaft  c'  this  gears  into  an  endless 
screw  e  fixed  on  cross-shaft  E.  On  this  shaft  is  fixed 
a  pinion  /  gearing  into  wheel  g,  mounted  on  the  main 
shaft  F,  which  may  be  driven  by  a  winch-handle  A  or 
otherwise.  The  ingredients  having  been  placed  in  the 
mixer,  and  mixed  and  treated  as  before  described  to 
form  dough  and  bread,  and  after  allowing  sufficient 
time  for  the  dough  to  rise,  it  is  forced  out  of  the  cham- 
ber A  in  the  following  manner  • — We  remove  the  short 
shafts  c,  c',  from  the  agitator  D,  D,  and  lift  it  out  of 
chamber  A,  and  then  close  and  fix  the  lid  a.  A  rack 
H,  Fig.  1290,  is  now  placed  in  the  piston  C,  which  it 
fits  into  and  rests  in  a  crutch-bearing  h',  formed  on 
the  top  of  the  outside  bearing  of  shaft  (/.  The  pinion 
d  is  fitted  to  slide  on  shaft  c',  but  to  carry  it  round  with 
it  by  means  of  a  feather.  To  communicate  motion  to 
the  piston  C,  the  shaft  E  is  moved  in  the  direction  of  its  length,  which  has  the  effect  of  throwing 
a  pinion  e'  fixed  thereon  into  gear  with  the  rack  H,  and  at  same  time  throwing  pinion  /  out  of 
gear  with  wheel  g,  and  wheel  i  into  gear  with  pinion  k,  which  reduces  the  speed  of  rotation  of  shaft 
E,  and  the  pinion  e'  taking  into  rack  H,  imparts  to  it  a  longitudinal  motion,  and  forces  the  piston 
C  from  its  position  at  one  end  of  the  cylinder  A  towards  the  other  end,  and  thereby  compressing 
the  dough  in  that  chamber.  To  allow  the  dough  to  escape  at  the  other  end  of  the  cylinder  A,  the 
eluice-dcor  L  is  lifted  up  by  a  lever  m  to  either  of  the  dotted  positions  m,  shown,  the  first 
being  suitable  for  the  formation,  say,  of  2-lb.  loaves,  and  the  second  for  4-lb.  loaves.  The 
gland  of  bearing  n  of  the  shaft  c  is  previously  removed,  and  a  solid  plate  substituted  for  it  to 
prevent  the  dough  being  forced  out  thereat.  The  sluice-door  L  being  lifted  and  fixed,  say,  at  the 
lowest  position,  the  dough  contained  in  A  by  the  pressure  of  the  piston  C  will  be  forced  out  of 
the  entire  breadth  of  the  opening  of  the  sluice-door,  and  of  regulated  thickness,  which  will  be 
contained  in  one  uniform  substance  so  long  as  any  dough  remains  in  the  chamber  A.  From  this 
chamber  the  dough  is  received  on  an  endless  web  M,  carried  on  rollers  P  and  P',  mounted  on  a 
suitable  framework  N,  N.  The  endless  web  M  is  further  supported  by  a  table  Q,  extending  under 
the  entire  breadth,  supporting  the  weight  of  the  dough,  which  forms  a  continuous  slab,  so  to  speak. 
It  travels  at  a  uniform  rate,  the  endless  cloth  M  being  driven  at  the  same  rate  of  speed  as  the 
dough  travels  by  its  expulsion  from  the  chamber  A.  The  cloth  M  is  driven  by  a  strap-pulley  fixed 
on  the  axis  of  P  and  strap  p,  communicating  with  a  rigger  on  the  main  driving-shaft  E,  and  in  its 
backward  course  underneath  is  rubbed  in  a  tray  containing  flour  to  prevent  the  dough  adhering. 
After  emerging  from  chamber  A,  and  while  travelling  on  M,  the  dough  is  submitted  to  a  dusting 
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operation  from  a  dusting-box  R,  mounted  above  on  a  fulcrum  q     This  box  or  tray  b  the  breadth  of 
the  dough,  and  has  a  perforated  bottom.    It  contains  flour,  and  preponderates  on  its  f  ' 
to  fall  against  a  stop  or  rest  r.    It  is  agitated  by  means  of  a  double  arm  8.  mooa**f 

axis  M,  the  arms  coming  in  contact  with  a  truck-roller  t,  mounted  on  the  side  of  the  < _-_ 

The  axis  u  is  driven  by  a  strap  from  a  rigger  on  same  axis  as  P  and  power  b  lisnsssllieT  I 
by  strap-riggers  to  an  axis  S',  on  which  the  divider  T  U  mounted.  This  divider  oonaists of  a  < 
of  cutting  ridges  arranged  in  circular  and  longitudinal  directions,  the  edges  of  which  OOBJM  down 
on  the  endless  web,  or  nearly  so.  This  divider  is  driven  at  about  tho  same  spotd  as  the  dough, 
which,  on  passing  under  it,  becomes  separated,  or  nearly  so,  into  blocks  of  a  given  sua,  sav.ler 
2-lb.  loaves,  which  was  the  size  before  mentioned  aa  arranged  by  the  sluice-door  L.  If  for  larger 
loaves  tho  mass  of  dough  should  be  double  the  thickness,  or  another  divider  with  larger  cavities 
used.  The  several  shafts  are  fitted  in  bearings  in  the  framework  N,  and  otherwise  appointed,  as 
shown  in  the  figures.  The  divided  dough,  which  is  prevented  sticking  to  the  divider  by  the  low 
dredged  on  it,  continues  its  course  on  tho  endless  web  M  until  it  arrives  at  P",  where  the  divided 
dough  Q  is  transferred  to  a  truck  U,  disposed  underneath  in  readiness  Cor  its  reception.  80  Man 
as  the  dough  begins  to  fall  on  to  this  truck,  the  truck  also  has  a  forward  motion  imparted  to  it,  by 
a  projection  u  on  an  endless  strap  t>  coming  in  contact  with  a  projection  *  on  the  under-part  of  he 
truck.  This  endless  strap  is  mounted  on  suitable  pulleys,  driven  by  a  strap  t  from  the  axis  of  P*. 
The  truck  being  mounted  on  wheels  and  suitable  rails 'Y.  travels  along  with  iU  load  towards  the 
oven,  which,  as  seen  in  the  side  view  and  plan,  is  immediately  on  end  of  tho  machine,  so  that  as 
the  truck  is  propelled  forwards  it  enters  the  oven  with  its  load  of  divided  dough  or  loaves,  and  as 
the  oven-chamber  is  by  preference  just  the  size  to  contain  one  truck,  the  oven-door  b  closed,  and 
the  baking  proceeded  with.  Another  truck  is  similarly  disposed  to  receive  the  donga,  and  b 
carried  forward  into  another  chamber  of  the  oven,  and  so  on  The  bottoms  of  the  tracks,  which 
are  simply  sheets  of  metal  laid  on  the  truck-frames,  are  roughened  or  in.li-nted,  as  seen  in  U 
plan,  Fig.  1287,  so  as  to  imprint  the  bottoms  of  the  loaves  .  they  should  also  be  daotsd  ' 
to  prevent  the  dough  adhering.  The  rails  Y  are  shifted  for  each  ovenrcharobar,  >oas  jo  rest  a 
the  door  of  each  chamber,  and  conduct  the  truck  to  it.  The  truck  having  I 
dough  ceases  to  be  propelled  by  the  machine,  but  is  pushed  forward  by  hand 
is  closed,  and  another  one  prepared  with  the  rails  to  receive  the  next  in  lucressi 

Fig.  1292  represents  a  longitudinal  section  of  an  oven  used  with  Watson's  machinery. 
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immediate  heat  of  the  furnace,  plate  11  is  covered  with  a  thickness  of  brickwork  , 

both  above  and  below  as  seen  at  *,  *,  with  an  air-flue  o  through  the  middl         Kf  * 

with  the  fire,  or  nearly  so.    Air  enters  at  the  back  end  of  o,  which  u  regukiSuSS 

sluice-door  to  limit  the  supply  to  the  faro  through  that  channel :  a  mm*St 

place  in  this  channel  assists  m  preventing  the  direct  heat  of  the  furnace  ore 

oven-chamber.    Z  is  the  furnace-door.    The  flue  from  the  furnace  rtmct  up  ii 

on  each  side  of  air-flue  o,  at  the  end  of  the  lower  oven-chamber   tnenaJonc  abor 

second  chamber,  thence  passing  up  at  the  end,  and  back  under  the  «hM  o 

To  prevent  excessive  heat  at  the  end  of  the  oven-chambers,  flrv-lumpi,  as  sea 

to  protect  them,  the  metal  plates  of  the  oven  being  so  made  an  to  hold  Mma  in  niMitias 

water-tank,  to  be  heated  from  the  waste-head  for  bakehouse  purposes;  H  u  a 

top  of  each  oven-chamber,  enclosed  in  a  case  except  at  the  end  that  is  not  ODOOSM 

of  the  flues.    These  valves  are  opened  by  thumb-rods  when  it  u  desired  teal 

from  the  ovens ;  15,  15,  are  hollow  box  ends  of  metal,  cloning  the  ends  of  the  fas*. 

which  the  smoke-flues  may  be  easily  cleaned.    These  K™r~»  "*"•*-»•  -mm  «hsl  ttiifrBBBdss 

venient  for  the  insertion  of  thermometers,  as  seen  at  16,  to  see  and  ascertain  the  hi 

at  all  times.    The  escape  of  the  flues  to  the  chimney  is  at  17. 

Vicar's  Machinery  employed  in  the  Manufacture  of  Bread  and  Pi>nn'f y  — f%,  1293  ivoriSMil* 
side  elevation  of  a  soft-dough  mixing  machine;  Fig.  1294  a  front  elevation;  fiH  iV 
ground  plan.    Fig.  1296  is  a  side  elevation  of  a  breaking  machine,  which  is  'cnntmd 'fer  pie- 
paring  the  dough  for  the  moulding  machine.     Fig.  1297  is  a  sectional  elevation  throagfc  Fig.  UML 
which  represents  a  top  plan  view  of  the  moulding  machine;   Fig.  1299  is  an  *mt  einatlai 
Fig.  1300  is  a  front  elevation  of  a  machine  employed   for  moulding  or  shaping  the  doaga  tats 
loaves  or  biscuits ;   Fig.  1302  is  a  ground  plan  of  the  dough-ohapiug  machine ;   Fig.  1901,  • 
sectional  elevation.    Fig.  1303  is  an  end  elevation  of  Fig.  1302  at  C. 

On  Figs.  1293  to  1295,  A,  A,  is  a  tank  or  reservoir  capable  of  holding  water ;  B,  B.  is  a  frtSM- 
work,  to  which  are  connected  the  following  parts : — C,  a  hollow  shaft  working  in  beariags  IB  the 
castings  D,  fixed  to  the  framing  B ,  E  is  a  shaft  capable  of  sliding  in  the  chaft  C,  and  of  ft 
therewith  near  the  lower  part  of  the  shaft  E ;  a  cross-head  G  is  connected  and  slide*  ea  .. 
rods  H.  I  is  a  skeleton  framing  mounted  loosely  upon  the  shaft  E,  and  connected  thereto  by  • 
nut  at  a,  Fig.  1294  ;  K,  K,  are  spindles,  the  upper  parts  whereof  work  in  bearings  in  the  fraariac  L 


The  lower  parts  of  these  spindles  are  formed  with  prongs  6.  c,  d,  e,  are  wheels  Rwing  tote  sitfc 
other,  that  marked  c  is  fixed  on  the  shaft  E,  and  those  marked  d  and  «  are  respeetituy  tied  oa 
the  spindles  K,  K ;  L,  L,  is  bevel-gearing  for  imparting  rotary  motion  to  the  shaft  C ;  H.  a 
counterbalance  weight  connected  by  a  chain  /  to  the  lower  ena  of  the  shaft  E,  to  facilitate  UM 
raising  of  E ;  N  is  a  vessel  to  contain  water  to  mix  with  the  flour ;  O,  O,  are  vessels  in  wkka  the 
dough  is  mixed. 

The  operations  of  this  machine  are  as  follows : — The  operator  takes  the  foment  or  yeast 
commonly  used,  and  instead  of  mixing  it  in  a  trough  by  hand,  an  commonly  practised,  he  p)Ms» 
the  yeast  or  ferment  and  flour  in  one  or  other  of  the  vessels  O,  and,  placing  SMM  «adsr  1 
machine,  lowers  the  prongs  6  thereinto,  and  proceeds  to  impart  rotary  motion  thereto,  the  •! 
of  which  is  to  cause  the  wheels  c  to  rotate  the  wheels  d  and  e,  and  also  the  axes  K.  OB  «hka  ta 
prongs  6  are  fixed,  thus  producing  three  distinct  rotatory  movements  stmultanrnaslr 
rotation  of  the  framing  I,  which  carries  the  wheels  d,  «•,  and  the  axes  of  the  nroag"  k 
rotation  of  each  of  the  wheels  and  axes  and  prongs,  thereby  cffectnallymixiDg  • 
the  ingredients  together  into  a  sponge ;  and  when  this  operation  has  wvn  mnttnord  •  i 
length  of  time,  according  to  the  judgment  of  the  operator,  be  remoTes  the  ti 
machine,  and  places  it  in  another  part  of  the  vessel,  and  taking  another 
and  flour  as  before,  and  proceeds  in  this  manner  with  each  tub  in  suoeranr 
is  sufficiently  risen  or  fermented,  the  tub  is  again  brought  under  the  m 
flour  and  water  added  to  the  sponge,  and  made  by  the  machine  into  «•{•• 
left  to  prove,  and  when  sufficiently  proved  is  removed  to  the  machine,  Figs. 
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1298. 


be  operated  upon  by  the  brake-rollers  of  1299. 

this  machine  for  the  purpose  of  taking  the 
proof  out  of  the  dough.  As  regards  this 
machine,  Figs.  1296  to  1299,  it  should  be 
distinctly  understood  that  its  construction 
forms  no  part  of  the  machine  shown  in 
Figs.  1293,  1294.  Both  machines  are  de- 
scribed in  conjunction,  for  the  purpose  of 
completing  the  description  of  the  machinery 
necessary  to  be  used  in  manufacturing  bread, 
biscuits,  and  like  articles.  When  the  dough 
has  been  sufficiently  operated  upon  by  the 
brake-rollers  it  is  removed  from  this  ma- 
chine to  the  shaping  machine,  Figs.  1300 
to  1303,  and  operated  upon  thereby  in  the 
manner  presently  described. 

We  would  here  remark,  that  the  means 
above  described  which  we  propose  to  em- 
ploy, and  have  found  to  answer  well  in 
practice,  for  ensuring  the  proper  amount  of 
fermentation  forms  a  very  important  fea- 
ture in  this  invention,  for  by  the  use  of 
cold  water  in  hot  weather  we  are  enabled 
to  prevent  excess  of  fermentation,  and  by  employing  warm  water  in  cold  weather  we  can  induce 
fermentation,  the  temperature  of  the  water  being  regulated  according  to  circumstances  and  the 
judgment  of  the  operator. 

We  now  proceed  to  describe  the  operations  of  the  moulding  or  shaping  machine.    With  respect 
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to  the  three  rollers,  marked  A,  B,  C,  Figs  1300  to  1303,  that  marked  A  i*  employed  to  {ana  the 
upper  crust,  and  those  marked  B  and  C  to  form  the  lower  crust,  the  soft  doogh  boing  placed  man 
the  table  D,  so  as  to  pass  with  the  two  aforesaid  crusts  between  the  rollers  E  and"  PTbywhkfc 
the  whole  is  compressed  as  the  machine  rotates,  the  endless  travelling  belt  or  web  G  advanoiaf  tfc* 
dough  under  the  moulding  mechanism  at  H,  where  it  U  momentarily  held  *till  by  the  i 
until  the  knives  I  descend  and  ascend  by  the  action  of  the  side  rods  K.  The  i " 
or  shaped' now  passes  onward  by  the  action  of  the  belt  G,  and  when  it  < 
at  L  receives  the  impress  therefrom  of  words,  such  as,  for  example, 
movement  being  simultaneous  with  the  shaping  movement  with  which  it  is  f*mn*ftffd :  and  in  thai 
manner  the  machine  continues  to  mould  and  shape  the  dough  into  the  form  of  loaves,  which,  ae 
they  are  advanced  forward  by  the  endless  belt  or  web  G,  are  deposited  on  to  trays,  the  trays  betlf 
placed  upon  another  endless  belt  or  web  N,  the  operation  and  construction  of  this  part  of  the 
machinery  and  implements  employed  being  as  follows: — First,  as  regards  the  trays;  taey  oonsad 
of  flat  pieces  of  wood,  about  3  ft.  by  2  ft.,  with  ledges  at  the  sides  only  thereof.  Upon  each  of 
these  trays  is  placed  a  piece  of  coarsely-woven  cloth,  and  to  each  end  thereof  loops  of  tape,  aboot 
6  in.  asunder,  are  affixed,  and  so  aa  to  project  beyond  the  ends  of  the  cloth  about  S  or  8  inches, 
the  loops  being  used  for  a  purpose  which  will  be  described  in  another  place.  Bee  Otnts.  These 
trays,  each  with  their  respective  cloth,  are  separately  placed  on  the  part  M  of  the  endless  belt  or 
web  N,  so  that  as  this  belt  advances  and  cornea  under  the  part  1  of  the  belt  or  web  G,  the  shaped 
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dough  will  be  deposited  on  each  of  such  said  cloths  and  trays  in  succession,  the  operator  dividing 
the  dough  when  the  tray  is  filled  therewith ;  and  in  this  manner  several  trays  may  be  filled  in 
succession. 

See  BARN  MACHINERY.    MILLS.    MIXERS.    OVENS.    YEAST. 

BREAKING  JOINT.     FB.,  Joint  dc  recouvrement ;  GER.,  Ueberdeckungsfuge,  Deckfuge. 

Breaking  joint,  or  break  joint,  is  a  term  used  in  brickwork  and  masonry  to  express  the  arrange- 
ment by  which  the  bricks  or  stones  are  made  to  overlap,  the  converse  of  which  is  termed  "joint 
over  joint."  See  BOND. 

BREAKWATER.  FR.,  Brise-lames,  Jete'e;  GER.,  Wettenbrecher ;  ITAL.,  Murazzo,  Scogliera; 
SPAN.,  Muelle,  Espolon. 

See  HARBOURS.     PIERS.    SEA-WALLS. 

BREAST- WALL.     FR.,  Mur  de  soutenement ;  GEB.,  Schiitemauer ;  ITAL.,  Muriccinolo. 

A  breast-wall  ia  a  wall  built  up  breast-high,  as  a  parapet-wall  or  a  retaining  wall,  placed  at  the 
foot  only  of  a  slope. 

BREAST -WHEEL.  FR.,  Roue  hydraulique  de  cote';  GEB.,  Eropf  Had,  mittelschlachtigcs 
Wasserrad;  ITAL.,  Ruoto  di  fianco. 

See  OVERSHOT  WATER-WHEELS.    UNDERSHOT  WATER-WHEELS. 

BREASTWORK.  FB.,  Fronteau;  GEB.,  Schott,  Schotting;  ITAL.,  Parapetto;  SPAN.,  Repecho, 
Parapeto. 

See  FORTIFICATION. 

BREEZE.     FB.,  Breeze ;  GEB.,  LSsche ;  ITAL.,  Bragia. 

The  term  breeze  is  applied  to  ashes  and  cinders  used  instead  of  coal  in  the  burning  of  bricks. 

BREEZE-OVEN.     FB.,  Four  a  Breeze ;  GEB.,  Coaks  Of  en ;  ITAL.,  Fornace  da  far  arso. 

See  OVENS. 

BRESSUMMER.     FB.,  Sommier ;  GEB.,  Unterzug ;  ITAL.,  Trace  maestro ;  SPAN.,  Sotabanco. 

A  bressummer  is  a  beam  placed  breastwise  to  support  a  superincumbent  wall ;  used  principally 
over  shop-windows  to  carry  the  upper  part  of  the  front,  and  supported  on  posts  or  columns. 

BREWING  APPARATUS.  FB.,  Machines  de  brasserie;  GEB.,  Braugerathschaften;  ITAL., 
Afacchine  ad  utensili  da  birraio. 

In  making  beer,  the  brewer  first  mashes  the  ground  malt  with  water  of  a  temperature  of  176°  to 
182°  Fahr.,  when  the  diastase,  or  substance  containing  nitrogen,  operates  to  convert  the  mass  into 
dextrine  and  sugar.  The  greater  part  of  the  starch,  which  has  not  been  changed  during  the  ger- 
mination, and  the  wort,  or  new  unfermented  beer,  is  ready  to  be  drawn  off  to  be  converted  into 
beer.  Brewers'  grains,  or  the  undissolved  part  of  the  malt,  is  employed  to  feed  cows  and  pigs,  as 
it  contains  much  gluten. 

To  find  whether  malt  contains  more  diastase  than  is  necessary  to  convert  its  starch  into  sugar, 
it  is  only  necessary  to  add  a  little  fusion  of  malt  to  the  viscid  solution  of  starch ;  when  this  com- 
pound is  maintained  at  a  temperature  of  150°  Fahr.  for  a  few  hours,  and  the  diastase  is  in  excess, 
the  mixture  will  become  far  more  fluid,  and  will  no  longer  be  coloured  blue  by  solution  of  iodine. 

Distillers  take  advantage  of  the  excess  of  diastase  in  malt,  by  adding  from  two  to  four  parts  of 
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unmalted  grain  to  the  diastase,  the  whole  of  which  Vmirmai  MM 
and  thus  the  labour  and  expense  of  making  are  avoided.    The  1 
water  contains  not  only  sugar,  dextrine  and  ^frirtarn.  hot  a  km 
formed  with  the  gluten  of  tho  Iwrlt-y.     liefore  subjeetm*  the 
with  a  quantity  of  hope,  usually  amonnting  to  fiamJUto  .  ' 

employed.    Hops  are  found  to  prevent  the  tendency  of  the  beer  tobaiBBtt 

produced  when  the  alcohol  of  the  bear  is  converted  tetoaeatfa 
'.>  to  10  per  cent,  of  an  aromntic  \,-ll,,w  powder,  tormd  AMM/M* 
contains  a  volatile  oil  of  particular  odour,  together  with  eMttor aahatoa 
«>f  wort  and  hops  is  run  off  into  a  vat,  it  u  allowed  to  deposit  the 

'        >  - 


*  mixture,  tt  k  BtaMd  to  U»  /~Mta* 


where  the  fermenting  is  carried  on  by 
compound. 

It  has  been  found,  with  the  aid  of  the  microscope,  that  y*s*f  k  n  aleak  faaaehl  fMetohk 
that  grows  in  solutions  containing  sugar  combined  with  particular  BifeaaaitaHlMUai 
such,  for  instance,  as  a  salt  of  ammonia,  and  the  silts    pata|J>itoj  of  poteen,  eada,  Uaw,  aaJ 
magnesia. 

The  conditions  under  whicli  the  yeast  plant  grows  were  not  aenerklaeil  aad  arieatiitealrff 
examined  until  recently  f»r  a  ]..n_-  time,  after  the  growth  of  this  eabetoaea  one aaawtoiaed,  the 
aeeds  or  germs  from  which  it  originates  eluded  detection,  although  Ik  growth  foaanbla*  aaae  ef 
the  lower  mosses. 

The  process  of  brewing  may  l.e  divid.il  into  four  ^ttrhrrt  etages :— 1.  The  iMltfaft,  of  \ 
object  is  to  produce  in  the  barley  the  principle  which  eflecte  the  eonvaretai  of  i 
and  glucose,  and  which  essentially  conaiMs  in  causing  the  barky  to  enfant  an 
a  proper  temperature  and  degree  of  moisture,  diastase  bring  formed  at  the  origin  of  U» 

aaJri 


and  in  th.  M. .ling  operation  converting  the  starch  into  eolable  dextrine 

preparation  of  the  vort  (mout),  or  saccharincation  of  the  malt,  which 

•Metoaftoalaa 
. 

hope,  which  consists  in  heating  the  wort  with  hops  in  order  to  give  it  a  peealiar  tost*  aad  aftaaa. 
•:n  -illation,  whicli  eonM.-ta  in  mixing  the  cooled  wort  with  a  ferment,  in  order  to  eaart  the 
-ion  of  {Jueoso  into  a|enh"l. 
'I'll.-  '<  :>.r\  \-  >  first  placed  in  large  vaU  of  mason-work,  with  four  Uawa  ik  volame ef  wake, 

tirn.l  frequently  to  expel  the  bubbles  of ^alr  between  the  grain*,  w  I. 
tin-  Mirt'a.1.-.  )..  ing  generally  defect' 
swell  the  L'rains  in  order  that  th>  y 
during  wliich  time  the  water  is  rei 

tin,  but  the  water  tntixt  be  renewed  four  or  five  time*. 
The  Urley  thn.-  -«••!!.  n  in  carried  to  the  malt  bnose.  a  kind  of  rave  or  ealkr.  the  tsar  «**  aatoh 
nuit-t  ;  j.tiluii.tly  clean  to  avoid  all  :~ 


,  »« 

efective,  are  akinuned  on*.  Theobje«4of  thienmrw  behieiy  to 
hey  may  sprout  more  eneilv :  and  it  laete  M  or  M  1MB  la  wtotor. 
s  renewed  three  timee;  while  in  Mwunrr  It  mptan  enlj  !•  «* 


proper  point    It  k  aJea  IrviwMitiy  ttimd.  to  e»de»  to  MM«  la.  ato  b  tt* 
the  layer,    fa  the  hot  eentfla.  the  geminnlfan  totomilnHed  in  i»or  It  4a»«.  wtoieil 
umard  the  ckee  of  antanuL  the  moat  anvaw  IBM  UMW  In  *e>*i  M 


i  toward  the  dow  of 
long  M  the  irnii'i. 

to  atltfl  th*  U»  •* 


y  has  properly  •prooted.  it  k  dried  rapidly,  in  aviar  to  atltat  the  |M  •*  laa 
amylaceous  matter  which  woold  eneae  frem  a  kaaar  growth  of  the  •****  aad  n  il  il  n     Thedry- 
tint  made  in  the  open  air,  by  aaeadlig  the  giala  am  the  •ear  ef  a  aatt  asud  fiaaary.  «*4 
then  in  a  stove  travened  by  a  earreat  of  hot  air.  ami  ealkd  a  »wr  w»     iii.l  i.a  a  n«a.r.  ta« 
•  *  of  the  I  they  ma  eaatty  naimeil  »*  aUttag  UMB  to 

I  he  sprouted  barky,  that  lived  from  the  liiHala*  k  aiBiiaiil  fc»  a«ae  uav  »•  «h* 
.•e  a  Mnall  aoaatity  of  avtetor^  • 

.  ur  ^  1*m  .^4  n4W»  thai  Ih.  CM*»  k 
broken  and  torn  withoot  being  redaoad  to  aoar.    Tfce  pvaaaat  k  —«.  aatoh  k  etowl  aaaf  aW 

future  use. 

saeeharifieation  of  the  malt  U  eaVrted  to  lam  waalea  vaU,  ha«la«  a  A^Mt  aajkai 
pierced  with  bolea,  latonded  to  ammrt  th*  bariry  aad CaOitoto  tW  ka»w«H*«  ana  *aw«. 
liquid.  In  the  spaee  betwata  the  two  het»<ae  ar»  the  illiiamkej  toil  ••!  «BP  aaei»  «^t^y%  h^ 

WhenthTmnllkplaeadtotWvnt.  water-  ••»»*•  •».*»«^»J*J 


malt.  U  pnared  in.  the  _ 
-  ...i  fnr  half  an  hoar.  antU  the  a» 
til  tho  trmp.  r»ture  of  the  mistor*  altotae  IfT, 

•>:  after  which  it 
for  three  boors.    The 

As  tl.e  tint  duration  with 
can  furnish,  an  additional  qoantitt  of 
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first  operation,  and  is  allowed  to  act  for  one  hour,  the  liquid  produced  being  added  to  the  first. 
Lastly,  the  malt  is  exhausted  by  water  at  212s,  and  a  liquid  obtained  which  is  used  in  making 
email-beer.  The  exhausted  malt  (called,  in  this  country,  grains)  is  used  as  food  for  animals. 

The  wort  is  heated  to  ebullition  with  hops  in  boilers,  which  must  be  kept  covered  to  prevent 
the  escape  of  the  essential  oil,  to  which  beer  owes  its  aroma,  and  are  furnished  with  an  apparatus 
which  constantly  stirs  the  mixture.  The  strength  of  the  wort  is  sometimes  increased  by  the  addi- 
tion of  glucose,  molasses,  or  raw  sugar.  The  wort,  thus  hopped,  is  conveyed  into  reservoirs,  where 
it  is  clarified  by  rest,  and  then  run  off  into  other  reservoirs,  where  it  is  cooled  as  rapidly  as 
possible,  by  allowing  the  liquid  layer  onty  a  thickness  of  4  or  5  in. ;  the  cooling  vats  being  placed 
in  large  rooms  surrounded  by  Venetian  blinds,  in  order  to  afford  a  free  circulation  of  air.  Tne 
proportion  of  hops  is  about  1  kilogramme  for  every  hectolitre  of  table-beer,  and  2  kilogrammes  for 
every  hectolitre  of  strong  beer. 

When  the  wort  is  cooled,  it  is  poured  into  a  fermenting  vat  or  tun,  and  a  quantity  of  yeast 
added,  varying,  according  to  the  season  and  strength  of  the  wort,  from  2  to  4  kilogrammes  for 
every  1000  litres,  and  maintained  at  a  temperature  of  about  68°.  The  fermenting  house  should 
be  well  aired,  in  order  to  allow  the  carbonic  acid  to  pass  off  rapidly.  The  fermentation  lasts  from 
24  to  48  hours,  producing  a  large  quantity  of  froth,  which  falls  from  the  tun  into  spouts  arranged 
for  the  purpose,  and  which,  when  collected  and  expressed  in  bags,  constitutes  beer-yeast. 

The  tuns  are  always  kept  full  by  adding  the  liquid  separated  from  the  froth.  The  fermenta- 
tion of  table-beer  is  completed  in  small  casks  filled  to  the  bung,  and  placed  on  a  scaffolding  over 
a  spout  which  carries  off  the  froth  still  arising  from  the  liquor;  and  when  the  fermentation  is 
finished  the  kegs  are  plugged,  and  the  beer  only  requires  a  clarification  with  fish-glue. 

Strong  beer  is  allowed  to  ferment  slowly  for  several  weeks  after  the  fermentation  in  the  tun,  in 
large  vats,  holding  as  much  as  2600  gallons. 

See  ATTKMPEBATOB.  BARLEY-DRESSING  MACHINE.  COOLERS.  DISTILLING  APPARATUS.  ELEVA- 
TORS. FERMENTATION.  GRAIN  MEASURER.  HOP  BACK.  KILN.  LIQVOR  BOILER.  MALT-DRESSIXG 
MACHINE.  MALT  HOUSE.  MALT  MILL.  MALT  SCREEN.  MASHING  MILL.  MASH  TUN.  BEFIUGE- 
BATOR.  SPARGER.  STOVES.  UNION  CASKS.  WORT  COPPER.  YEAST. 

BRICK-MAKING  MACHINES.  FB.,  Machine  de  briqueterie;  GEB.,  Ziegelpresse ;  ITAL., 
Macchina  da  far  mattoni. 

The  Brick-making,  Pugging,  and  Crashing  Machine  of  H.  Clayton,  Son,  and  Hewlett,  is  shown 
in  Fig.  1304.  The  clay  to  be  made  into  bricks  is  thrown  into  the  hopper  A  of  the  machine.  In 
this  hopper  revolves  a  shaft  on  which  are  keyed  several  small  knives,  which  cut  up  the  clay 
previous  to  its  being  crushed.  It  next  passes  through  the  crushing-rollers  B,  B,  which  effectually 
reduce  to  powder  any  stones  or  hard  lumps  of  clay  that  may  enter  the  hopper  A. 

The  clay,  thus  partially  prepared,  next  passes  into  the  horizontal  pug-cylinder  C,  where  it  is 
thoroughly  mixed  and  incorporated  by  the  pug-knives  which  are  fixed  upon  the  central  shaft 
These  knives  are  so  placed  that  they  force  the  clay  towards  the  farther  end  of  the  cylinder,  where 
it  is  pushed  by  means  of  a  rotary  blade  or  piston,  and  taken  by  the  small  feeding-rollers  D,  D'. 
The  mixture  having  been  drawn  by  the  small  feeding-rollers  D,  D',  into  the  chambers,  which  are 
placed  before  the  dies  E,  E,  situated  one  on  each  side  of  the  machine,  the  brick  material  issues 
through  the  rotary  orifice  dies  in  a  smooth  and  regular  stream,  the  angles  well  formed  and  the 
surfaces  clean.  It  is  then  cut  into  bricks,  of  the  required  size,  upon  the  cutting-tables  F,  F. 
This  construction  of  machine  is  made  of  two  sizes,  and  requires  no  masonry  foundations,  the  whole 
being  fixed  upon  cast-iron  foundation-plates  G. 

The  larger  machines  are  worked  by  a  16-H.p.  engine,  and  each  is  capable  of  producing  from 
20,000  to  30,000  bricks  a  day,  varying  according  to  the  quality  of  clay  used. 

The  smaller  machine  is  generally  worked  by  a  10-H.p.  engine ;  this  machine  is  capable  of 
producing  from  15,000  to  20,000  bricks  a  day. 

In  ordinary  hand-made  bricks,  the  main  expense  of  the  process  of  making,  besides  the  burning, 
consists  in  the  preparation  of  the  clay,  so  as  to  render  it  sufficiently  ductile  to  allow  of  its  being 
forced  into  the  moulds  by  hand-pressure ;  this  necessitates  the  mixing  of  water  with  it,  and  thus 
requires  also  the  further  process  of  drying  the  bricks  before  placing  them  in  the  kiln.  The  risk 
of  damage  and  the  delay  from  weather  also  add  materially  to  the  expense  of  hand-made  bricks. 
The  application  of  machinery  to  the  manufacture  of  bricks  has  for  its  objects  economy,  certainty, 
and  expedition  of  production,  and  improvement  in  the  quality  and  appearance  of  the  bricks.  It 
is  still  a  question  how  far  these  objects  have  been  attained ;  and  out  of  the  large  number  of 
machines  invented  for  brick-making,  but  few  are  at  present  in  regular  work ;  omitting  tile  and 
pipe-making  machines.  The  machines  now  at  work  may  be  divided  into  two  classes — those  which 
operate  upon  the  clay  in  a  moist  and  plastic  state,  and  those  for  which  the  material  requires  to  be 
dried  and  ground  previous  to  being  moulded.  In  the  former  class,  the  plastic  column  of  clay, 
having  been  formed  in  a  continuous  length  by  the  operation  of  a  screw,  pugging-blades,  or  rollers, 
is  divided  into  bricks  by  means  of  wires  moved  across,  either  whilst  the  clay  is  at  rest,  or  whilst 
in  motion  by  the  wires  being  moved  obliquely  at  an  angle  to  compensate  for  the  speed  at  which 
the  clay  travels.  In  consequence  of  the  clay  having  to  be  made  sufficiently  soft  to  allow  of  this 
wire-cutting,  the  bricks  made  are  but  little  harder  than  those  made  by  hand,  and  require  similar 
drying  before  being  placed  in  the  kiln ;  and  this  drying,  together  with  the  expense  of  preparing 
the  clay  in  the  requisite  manner,  renders  the  expenses  of  manufacture  similar  to  those  involved  in 
hand-made  bricks.  In  the  second  class  of  machines,  a  superior  finish  of  appearance  is  obtained 
in  the  bricks  by  their  compression  in  a  dry  state  in  the  mould ,  and  the  objection  of  subsequent 
drying  is  avoided  :  but  the  additional  preparation  requisite  in  drying  the  clay  and  reducing  it  to 
a  sufficiently  fine  and  uniformly  pulverized  state,  and  the  more  expensive  character  of  the 
machinery  involved,  add  materially  to  the  cost  of  manufacture. 

By  means  of  the  brick-making  machine  invented  by  a  Mr.  Gates,  and  described  by  John  E. 
Clift  in  a  paper  read  before  the  Inst.  of  Mechanical  Engineers,  the  difficulty  of  previous  prepara- 
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tion  of  the  clay  required  in  the  second  class  of  machines  is  not  incurred ;  while  at  the  same  time 
the  subsequent  drying  of  the  bricks  required  with  the  other  machines  is  avoided.  In  this  machine 
the  clay  is  used  of  such  a  degree  of  dryness  as  to  allow  of  its  being  mixed  up  and  macerated  and 
compressed  into  bricks  by  a  single  continuous  action;  the  clay  being  formed  into  a  continuous 
column  and  compressed  into  the  moulds  by  the  action  of  a  revolving  vertical  screw.  The  clay 
requires  generally  no  previous  preparation  beyond  that  given  by  the  ordinary  crushing-roll,  rs, 
and  is  sometimes  ready  to  be  put  into  the  machine  direct  from  the  pit ;  in  other  cases,  where  con- 
taining a  mixture  of  stones,  it  is  first  passed  through  a  pair  of  crushing-rollers. 

The  machine  is  shown  in  Figs.  1305  to  1311.  Fig.  1305  is  an  end  elevation  of  the  machine; 
Fig.  1306  ia  a  front  elevation, 
and  Fig.  1307  a  plan ;  Fig.  1308 
is  a  vertical  transverse  section 
enlarged;  Fig.  1309  a  plan  of 
the  screw ,  and  Fig.  1310  is  a 
longitudinal  section  of  the  ma- 
chine. 

The  cast-iron  clay  cylinder  A, 
Fig.  1308,  is  expanded  at  the 
upper  part  to  form  a  hopper  into 
which  the  clay  is  supplied,  and 
the  lower  cylindrical  portion  is 
about  the  same  in  diameter  as 
the  length  of  the  brick-mould  F 
at  the  bottom  of  the  pressing- 
chamber  B.  The  vertical  screw 
C  is  placed  in  the  axis  of  the  clay 
cylinder,  and  carried  by  two  bear- 
ings in  the  upper  frame  D :  this 
screw  is  parallel  at  the  lower  part, 
the  blade  nearly  filling  the  paral- 
lel portion  of  the  clay  cylinder, 
and  is  tapered  conically  at  the 
upper  part  to  nearly  double  the 
diameter.  "When  the  clay  is 
thrown  loosely  into  the  hopper, 
it  is  divided  and  directed  towards 
the  centre  by  the  curved  arm  E 
revolving  with  the  screw-shaft, 
and  drawn  down  by  the  tapered 
portion  of  the  screw  into  the 
parallel  part  of  the  clay  cylinder, 
in  sufficient  quantity  to  keep  this 
part  of  the  cylinder  constantly 
charged,  any  surplus  clay  easily 
escaping  laterally  into  the  loose 
clay  in  the  hopper.  The  clay  is 
then  forced  downwards  by  the 
parallel  portion  of  the  screw  into 
the  pressing-chamber  B,  and  into 
the  brick-mould  F,  which  consists 
of  a  parallel  block.  This  block 
is  equal  in  thickness  to  a  brick, 
and  slides  between  fixed  plates 
above  and  below ;  these  plates 
containing  the  two  moulds  F  and 
G,  Fig.  1310,  corresponding  in 
length  and  breadth  to  the  bricks 
being  made. 

The  mould-block  F,  Fig.  1310,  is  made  to  slide  with  a  reciprocating  motion  by  means  oi 
revolving  cam  H,  which  acts  upon  two  rollers  in  the  frame  I  connected  to  the  mould-block  by  a 
rod  sliding  through  fixed  eyes,  and  the  two  brick-moulds  are  thus  placed  alternately  under  the 
opening  of  the  pressing-chamber  B  to  receive  a  charge  of  clay ;  the  mould-block  remaining  sta- 
tionary in  each  position  during  one  quarter  of  a  revolution  of  the  cam  H.  When  the  brick-mould 
F  is  withdrawn  from  under  the  press-chamber,  the  brick  is  discharged  from  the  mould  by  the 
descent  of  the  piston  K,  which  is  of  the  same  dimensions  as  the  brick-mould ;  the  piston  is  pressed 
down  by  the  lever  M  worked  by  the  cam  N,  when  the  brick-mould  stops  at  the  end  of  its  stroke, 
and  is  drawn  up  again  before  the  return  motion  of  the  mould  begins.  A  second  piston  L  acts 
in  the  same  manner  upon  the  second  brick-mould  G ;  and  the  discharged  bricks  are  received 
upon  endless  bands  O,  Figs.  1305  to  1307,  by  which  they  are  brought  successively  to  the  front 
of  the  machine,  where  they  are  removed  to  the  barrows  for  conveying  them  to  the  kiln  to  be 

The  solid  block  that  divides  the  two  brick-moulds  F  and  G  is  slightly  wider  than  the  dis- 
charge-opening at  the  bottom  of  the  pressing-chamber  B,  having  an  overlap,  so  that  the  makii 
of  one  brick  is  terminated  before  that  of  the  next  begins,  in  order  to  ensure  completeness  in  tt 
moulding.    During  the  instant  when  this  blank  is  passing  the  opening  at  the  bottom  of  the  press 
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chamber,  the  discharge  of  the  clay  is  stopped,  and  it  becomes  necessary  to  provide  some  means 
of  either  relieving  the  pressure  during  that  period  or  stopping  the  motion  of  the  pressing-screw. 
The  latter  plan  would  be  impracticable ;  and  in  this  machine  the  former  mode  is  established  by  a 
very  ingenious  contrivance,  forming  in  effect  a  safety-valve,  which  prevents  the  pressure  in  the 
chamber  from  increasing  when  the  brick-mould  is  shut  off,  and  also  serves  to  maintain  a  uniform 
pressure  during  the  formation  of  the  brick,  so  ns  to  ensure  each  mould  being  thoroughly  and 
equally  filled  with  clay.  This  is  effected  by  an  escape-pipe  P,  Fig.  1308,  which  is  similar  in  form. 
to  the  brick-mould,  but  extends  horizontally 
from  the  side  of  the  pressing-chamber,  and 
is  open  at  the  outer  extremity.  The  regu- 
lar action  of  the  screw  forces  the  clay  into 
this  escape-pipe  as  far  as  its  outer  extremity, 
forming  a  parallel  bar  of  clay  in  the  pipe :  5 

the  resistance  caused  by  the  friction  of  this  1 

bar  in  sliding  through  the  pipe  is  then  the 
measure  of  the  amount  of  pressure  in  the 
machine;  and  this  pressure  cannot  be  ex- 
ceeded in  the  machine,  for  the  instant  that 
the  brick-mould  is  full  the  further  supply 
of  clay  fed  into  the  pressing-chamber  by 
the  continuous  motion  of  the  screw  escapes 
laterally  by  pushing  outwards  the  column 
of  clay  in  the  escape-pipe.  The  uniform 
pressure  of  every  brick  in  the  mould  up  to 
this  fixed  limit  is  ensured  by  the  escape- 
pipe  not  beginning  to  act  until  that  limit 
of  pressure  is  reached.  Its  action  is  similar 
to  that  of  a  safety-valve;  and  the  amount 
of  pressure  under  which  the  bricks  are  made 
is  directly  regulated  by  adjusting  the  length 
of  the  escape-pipe. 

The  important  result  of  this  arrange- 
ment is  that  it  prevents  any  risk  of  over- 
straining the  machine;  and  the  action  of 
the  screw  has  a  special  advantage  in  filling 
the  brick-mould  with  a  continuous  uniform 
stream  of  clay,  which  is  being  constantly 
supplied  at  a  uniform  moderate  pressure,  so 
as  to  ensure  the  mould  being  thoroughly 
filled  with  a  uniform  density  of  clay  through- 
out, without  requiring  any  sudden  excessive 
pressure  that  would  cause  the  brick  to  be 
more  dense  on  the  outside  than  in  the  centre. 
The  pressing-chamber  is  made  larger  iu 
transverse  area  than  the  supplying  screw 
cylinder,  in  order  to  increase  the  uniformity 
of  pressure  on  the  clay  in  the  chamber ;  and 
the  regularity  of  action  is  shown  by  the 
working  of  the  escape-pipe,  which  discharges 
a  continuous  bar  of  solid  clay,  advancing  by 
intermittent  steps  of  }  to  £  in.  of  length 
each  time  that  the  brick-mould  is  shut  off 
and  changed.  The  projecting  piece  of  clay 
from  the  end  of  the  escape-pipe  is  broken  off 
from  time  to  time  and  thrown  back  into  the 
hopper  of  the  machine. 

The  upper  side  of  the  solid  block  separating  the  two  moulds  F  and  G  is  faced  with  steel, 
as  shown  in  Figs.  1308,  1310,  and  the  upper  face  of  the  brick  is  smoothed  by  being  sheared  off  by 
the  edge  of  the  opening  in  the  pressing-chamber ;  the  under  face  of  the  brick  is  smoothed  by  being 
planed  by  a  steel  bar  K,  Fig.  1310,  fixed  along  the  edge  of  the  under-plate,  having  a  groove  in  it 
for  discharging  the  shaving  of  clay  taken  off  the  brick. 

The  screw-shaft  is  driven  by  bevel-gear  from  the  shaft  S,  Fig.  1305,  which  is  driven  by  a  strap 
from  the  engine,  the  speed  being  adjusted  according  to  the  quality  of  the  clay  or  the  wear  of  the 
screw.  The  screw  is  driven  at  about  thirty  revolutions  a  minute,  delivering  the  bricks  at  the  rate 
of  about  30  a  minute  when  at  full  speed,  or  one  brick  for  each  revolution  of  the  screw.  The 
machine  completes  regularly  in  ordinary  work  12,000  bricks  a  day,  or  an  average  of  20  good  bricks 
a  minute.  The  amount  of  power  required  for  driving  the  machine  and  the  wear  of  the  screw  vary 
according  to  the  material  worked.  At  the  Oldbury  Brick  Works,  where  two  of  the  machines  have 
been  working  regularly  for  three  years,  the  clay  is  a  calcareous  marl,  and  the  power  required  for 
each  machine  is  about  12  horse-power ;  the  rate  of  manufacture  is  20  bricks  a  minute. 

The  wear  of  the  screw  varies  considerably,  according  to  the  material  of  which  it  is  made  and 
the  quality  of  the  clay  worked  in  the  machine.  In  a  machine  used  by  Peto  and  Betts  at  Cobham, 
cast-iron  screws  have  been  worn  out  in  a  short  time  with  very  siliceous  material;  but  in  two 
machines  working  at  Gosport  for  two  years,  the  screws  were  renewed  only  once  in  that  time, 
although  as  many  as  three  million  bricks  were  made  by  the  machines.  In  another  machine 
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working  for  two  yean  at  the  Blaenavon  Iron  Worlu,  the  screw  and 
gun-metal,  and  were  found  considerably  more  durable. 
With  regard  to  the  burning  of  the  bricks  made  by 


found  from  the  bricks  not  having  been  dried  before  sta/iHna;  in  the  kite :  and  •  wj 
portion  of  waste  is  made  in  the  burning.     Where  the  clay  contain*  murh 
more  moisture  in  consequence,  it  is  found  advisable  to  stack  the  bridu  ia  UM  kilo  ia  fc.ru,  a* 
are  termed,  of  from  fifteen  to  twenty  oounes  each :  M  soon  a*  UM  bottosa  ti/1  ka*  be*«  siMi 

small  fires  are  l  -* * A1" 

B  tacked  above : 

which  the  full  fires  are  ligh 

baa  been  experienced  from  the  lower  bricks  not  being  able  to  bear  UM  vdffc!  at  Ik* 


lighted  to  drive  off  the  steam  from  UM  bricks,  which  mi«kt  atksrvws  snfUsi  Uw» 
:  the  middle  lift  is  then  stacked  and  similarly  dried,  and  then  UM  top  «/L  nftsr 
fires  are  lighted.  In  other  oases  the  whole  kiln  is  stacked  at  once,  and  M  dWHUf 


1310. 


mi. 


Sections,  elevations,  and 
details  of  Platt  and  Co.'s 
dry-clay  brick-making  ma- 
chine are  shown.  Figs.  1312 
to  1319.  We  take  a  descrip- 
tion of  this  machine  from  a 
paper  read  before  the  last 
of  Mechanical  Engineera,  bj 
B.  Fothergill.  The  clay  U 
taken  from  the  bank  in  tram- 
way trucks  to  a  large  abed 
or  covered  storehouse,  which 
keeps  the  machines  from 
injury  while  being  worked 
in  bad  weather,  when  the 
clay  cannot  be  got  sunV 
ri.ntlydry.  Under  the  shed 
flr.ir  is  an  arrangement  of 
flues  that  can  be  heated  to 
dry  the  clay  as  it  U  takrn 
from  the  bank.  From  UiU 
•bed  the  dry  clav  is  Ukrn 
bytadm*  rA,Hp  I«H 
1313,  and  shot  into  a  hopper 
at  the  nppor  end  of  a  rerolT- 
ing  pulverizing  machine  B 
consisting  of  a  screen  fixed 
at  a  slight  inclination  imm 
a  horizontal  position,  and  so 
constructed  and  arranwd 
that  the  claj  *  P"™4 
and  forced  through  it  by  - 
lower  end. 


1311 


while 
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The  pulverizer  is  shown  enlarged  in  Figs.  1314,  1315.  The  fixed  shaft  C  is  set  at  a  slight 
inclination  from  the  horizontal,  and  the  ends  DD  of  the  screen  revolve  upon  it  to  these  ends 
are  bolted  the  longitudinal  bars  E  E  round  the  circumference,  forming  the  screen.  These  bars  are 
of  a  wedge-shaped  section,  so  as  to  give  a  wider  opening  between  them  on  the  outer  th:ui  on  the 
inner  side,  to  allow  the  pulverized  clay  a  free  escape  There  are  also  attached  to  the  shaft  C 
within  the  ends  of  the  screen  two  bearers  F  F  connected  by  two  longitudinal  bolts,  which  curry 
a  .-.Ties  of  cast-iron  crushers  or  pulverizers  G  G,  weighing  about  £  cwt.  each  one  bolt  forms  a 
fixed  axis  at  the  extremity  of  the  pulverizers;  and  the  other  bolt  acts  as  a  support  tor  them,  in 
such  a  manner  as  to  allow  a  slight  space  between  their  extremities  and  the  inner  t-ide  of  the 
screen-bars  E,  to  prevent  actual  contact  when  the  machine  may  be  working  without  clay.  The 
screen  is  made  to  revolve  at  about  twenty-five  revolutions  a  minute  by  a  pinion  driving  tlie  \\ln  1 1 
H  fixed  upon  the  upper  end.  The  clay  is  fed  in  by  the  hopper  I  at  the  upper  end,  and  by  the 
rotary  movement  of  the  screen  is  carried  forward  and  under  the  pulverizers  G,  which  break  up 
the  lumps  and  press  the  clay  out  through  the  spaces  between  the  bars  E ;  but  owing  to  the  manner 
in  which  the  pulverizers  are  ar- 
ranged and  supported,  they  yield 
and  rise  when  stones  or  other 
hard  substances  are  passing  under 
them,  preventing  any  damage  to 
the  machine ;  and  in  consequence 
of  the  inclination  at  which  the 
screen  is  set,  the  stones  are  gra- 
dually traversed  through  its  entire 
length,  and  ultimately  rejected  at 
the  lower  end  which  is  left  open 
for  the  purpose. 

The  clay  is  then  conveyed  from 
under  the  pulverizer  by  an  ele- 
vator K,  Figs.  1312,  1313,  into  a 
revolving  conical  screen  or  sifter 
L,  shown  enlarged  in  Figs.  131G, 
1317;  from  which  it  falls  into 
the  hopper  of  the  brick-press  M, 
Figs.  1312,  1313,  in  a  state  of 
fine  powder;  any  particles  not 
passing  through  the  meshes  of  the 
sifter  L  are  rejected  at  its  larger 
end  and  conveyed  by  a  spout  to  a  pair  of  small  crushing-rollers  N,  and  thence  back  by  the  spout 
O  to  the  foot  of  the  first  elevator  A,  where  they  are  mixed  with  the  crude  clay,  and  go  through 
the  same  process  again. 

1311.  1315. 


1317. 


The  brick-press  is  shown  enlarged  in  Figs.  1318,  1319 ;  Fig.  1318  is  a  front  elevation,  and 
Fig.  1319  a  transverse  section.    The  side  cheeks  A  A  are  fixed  on  the  foundation-plate  and  support 
rincipal  parts  of  the  press.     B  is  the  frame  or  bed  where  the  moulds  are  arranged  and  in 
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which  the  bricks  arc  formed.    CU  the 

to  the  brick-mould*  ;  an  adjustable 

charge  of  cluy  when  In-im;  conveyed 

IB  actuated  by  the  cum  U.  nhuwn  duttod  in  Kijf. 

lower  ram  I  rests  uj-ni  and  U  actuated 

upon  tin-  U|>IHT  surface;  each  of  the  pbtoae  fits  into  a 

1.  -i\'  -  iu<>ti<>u  to  tin-  ui'j'.T  rain  M,  which  U  abo  formed  with 


in-  with  the  four  lower  pistes*  K 

moulds.    Th,  t  wo  cam-shafts  are  driven  at  the  same  speed  by  UM  i 
by  the  pillion  P. 

Tii.-  ••:.:!.-   i:  S  lift  th<-  upper  mm  M,  and  are  to  arranged  M  to  ps*4wa  tv* 
elevation^  and  allow  two  falls  of  the  ram  and  pistons  in  the  fermtHnsj  of  seek  Swiss  ef  1 
made  at  . -ach  revolution  of  the  machine.    The  first  blow  of  th*  ptotoM,  after  bsteg  saj 
lir-t  earn  H.  drives  the  clay  out  of  the  four  a|«rtures  in  the  BMUd-cSArfsr  C,  wsJeil 
brought  directly  over  th.-  four  brick-motdda  by  the  motion  of  the  fcrfW 

to  the  moulds,  t.><  n-l.y  »  xpclling the  air  from  it:  a  very  heavy  UP*  to  gin*  19 ' 

upon  the  clay,  tlie  total  weight 

of  the  Calling  parta  In-ing  nearly 

1   ton.     The   pistons  are  tin  n 

1  by  the  hecond  cam  8  to  a 

suitable     height    to     allow    the 

mould-charger  C  to  move  back 

it  ion  underneath 

the  hopper  I>.  for  the  purpose  of 
filled  with  another  charge 
c.f  clay.     A  ieoond  blow  of  the 
!ces   place,  th'»- 
..ly  condeiir-inji  the  clay  in 
the  mo'ulds;  and  tin-  final  pres- 
to finish  the  brick*  i.-  tin  n 
on  tin-  top   side   by  the 
pressing  cams   T  acting  upon 
tin-  friction-rollers  I*  which  are 
'ii  the  up|«-r  nim  M  :  thin 
;wnrd  pressure  is  m,  t  liy  a 
siinultnneons  n]>ward  movement 
of  the  low-r  |.i.-toiis  K.  tri\,n  by 
the  i  .-e,  ntric  form  of  the  1«  it  torn 
camshaft    H.     Th.-  shaft    I 

:..rmed  so  as  to  raun-  the 
brieks  up  to  the  t«>p  surface  of 
the  moHld-bi-.!  15  aft.  r  the  pres- 
sure is  com pb-Uid,  whence  they 
are  n-movd  t..  tin-  tabl.-  V  by 
•orward  moTcmcnt  of  the 
mould-chnrKcr  (.'.  wh«n  delivw- 
tin   charge  of  clay  for  the 
set  of  brick*.     An   Indfav 
mbber  buffer-* 

in  the  up|K-r  ram  H,  to  receive 

tin  concnaaion  of  the  fall  of  the 

i  case 

the  machine   should  from  any 
cause    run   without  clay 

arrangement  of  applying 

aU.ve  simultttiiotmsly,  the  brick* 


,,W,,    0,1,,-, 

process,  awl  no  pnwves  « ,"!»§. 
machine  and  st«ck«M  in  the  kiln  rmd 
whilst  in  an  unbaked  swt*  Th«  J 

bricks,  or  other  weh 
press  by  its  ext 


in*  the  brick*  bstaff  nsjw«m»  m  .ZjUfc, 

Mid*  tor  bwvtef.  »h»  •«»*»«  aO  risk <*+"*'*i 
r«LvMV  bemUed  with  weew  cr  *«bss«  *r  ewJ> 

'      .    •:  .  '•• 


*+4 


in  the 
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it  is  found  that  with  care  in  setting  the  bricks  the  inside  surface  is  as  perfect  as  the  outside, 
and  is  finished  without  any  occasion  for  plaster.  For  bricks  so  perfectly  formed  it  might  be 
expected  that  great  care  would 
be  required  in  manipulation, 
and  the  production  must  neces- 
sarily be  slow.  The  reverse  is 
however  the  case,  and  the  fol- 
lowing is  the  result  of  actual 
working.  The  machinery  pre- 
pares the  clay  and  completes  the 
bricks  at  the  rate  of  30  bricks  a 
minute,  or  1800  an  hour ,  in  one 
day  of  10  hours'  work  18,000  are 
produced,  giving  a  total  produc- 
tion of  5,400,000  a  year  of  300 
working  days.  Thus  with  a 
very  moderate  amount  of  atten- 
tion paid  to  burning,  which  is 
rendered  easy  by  the  great  firm- 
ness of  the  bricks,  5,000,000  of 
perfect  bricks  may  be  burned 
from  one  machine  in  a  year. 

Fig.  1320  is  of  a  brick  ma- 
chine, which  requires  from  6  to  8 
horse-power  to  produce  12,000 
to  18,000  bricks  a  day,  according 
to  the  nature  of  the  clay  ope- 
rated upon.  This  small  machine 
of  Clayton  and  Hewlett  crushes 
the  clay,  pugs  the  material,  and 
moulds  the  bricks :  it  is  a  very 
complete  machine. 

The  rough  clay  A  is  taken 
from  the  heap  in  barrows  and 
wheeled  up  an  incline,  or  it  is 
drawn  up  the  incline  by  suit- 
able gearing  by  the  power  of 
the  machine,  and  then  shovelled 
into  the  feeding-hopper  B,  in 
which  revolves  a  shaft  which 
has  several  small  knives  fixed 
upon  it ;  the  duty  of  these 
knives  is  to  cut  up  the  large 
lumps  of  clay,  and  at  the  same 
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time  to  press  it  down  upon  the  rollers  incased  in  D.  and  further, 
from  becoming  choked. 

The  crushing-roller*  next  grip  the  clay,  and  rnub  all  hard 
the  thus  partially-prepared  material  to  the  pug-cylinder  i '.  to  which  tefeltoi  • 
with  a  number  of  knives,  set  in  rach  a  manner  ID  a*  In  form  aartina*  at  a 
rotary  action  thoroughly  pug  or  mix  the  clay,  and  at  the  MM  time  force  the 
towards  the  end  D  of  the  cylinder,  where  it  ptmai  through  UM  die 
cutting-off  tables. 

David  Murtha's  brick  machine,  Fig.  1321,  luu  a  terit»  at  rotating 


a^  iftj^fe 

• 

MB  mass 
oatothe 
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.'ing  forced  from  the  aaifow  opening  •  of  the  '•T  nw>a» 
<>f  the  length  of  the  brick,   la  (root  of  the  dfci 
he  purpose  of  cutting  the  (trip*  of  day  teto  th*f*B«Hr 
iu  Mctiotu,  M>  as  to  admit  of  bdaf  pMHi  fMMHH^f 


as  to  operate  upon  the  clay,  which,  after  lx-in 
tacle,  is  cut  into  strips  of  the  proper  width  • ' 
transverse  series  of  similar  disks  J,  for  the 
widths.  The  feeding-table  £'£«  U  made  in  sections,  so  _ 

through  the  machine. 
1323  Fig.  1322  show.  8.  M.  Parish's  ipsareras  for 

6riob.    It  has  a  combinatioa.of  adjismlils  im"*  «. 

to  prevent  the  weight  of  the  bfkks  from  ••pBf  «»• 

board,  which  ratte  oo  a  carriage,    A  rod  wakkesa»ee*js 


tho  «UUU  pivoted  on  joomak.  aad  «wd 
with  a  carriage  E  Mid  movable  mite.    B  I»  w» 
tracks:  O  U  adjo*04.  lowltareteyt;  X* 
eztooaion-niiU:   A  A  ma;  I  iiiliM 
lithe  no/of  the 


•MWPWMtMlf 

the  clay  W  to  bttog  U  tete  •  '  •  •i'^fg* 

i      m^mjL  diVBftsklvML    tle^  •Iffcial  iW  VHWoV        *•  * 


.  _ 7.— The  p»** 

manufftctiirr.    The  oWec —  ^, 
conbistonoy.    In  tlio  clay  as  dug, 
the  unctuous,  in  others  the  sandy, 
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clay  properly  and  effectively,  it  is  indispensably  necessary  to  incorporate)  its  various  component 
parts,  and  to  make  it  of  one  uniform  character.  The  pug-mill  is  therefore  the  most  valuable  and 
important  precursor  of  the  subsequent  processes  of  brick  as  well  as  of  tile  manufacture,  inasmuch 
as  the  equal  consistency  and  integrity  of  the  raw  material  can  alone  ensure  the  uniform  strength 
and  good  quality  of  the  completed  brick  or  tile.  H.  Clayton  and  Co.'s  improved  Archimedian 
knife  pug-mill.  Fig.  1323,  produces  these  desirable  results. 

In  Fig.  1323,  A  is  a  cast-iron  cylinder  into  which  the  clay  required  to  be  pugged  is  thrown. 
Upon  the  central  shaft  B  are  fixed  wrought-iron  steel-tipped  knives  C,  C,  C,  C  (so  placed  as  to 
form  a  section  of  a  screw),  which  cut  up  and  mix  the  clay,  and  at  the  same  time  force  it  down- 
wards to  the  outlet  D  at  the  bottom  of  the  cylinder,  which  can  be  adjusted  with  a  sluice-door  and 
lever  for  letting  the  clay  out  at  certain  times. 

There  is  a  door  E,  fastened  with  a  strong  wrought-iron  bar,  in  the  middle  of  the  mill,  for  con- 
venience, when  it  is  necessary  to  inspect  and  clean  the  knives  from  roots  and  other  foreign  mate- 
rials that  may  adhere  to  them. 

The  bottom  end  of  the  pug-shaft  B  works  in  a  steeled  bushed  step  F. 

Clayton,  Son,  and  ffowletfs  Brick-cutting  and  Self-delivery  Table,  Fig.  1324. — When  a  stream  of 
clay  of  sufficient  length  to  cut  the  desired  number  of  bricks  has  been  expressed  from  the  dio  or 
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moulding  orifice  of  the  machine  on  to  the  receiving-rollers  a,  a,  a,  the  single  cutting-wire  b  is 
caused  to  pass  through  the  stream  of  clay  to  sever  or  divide  it.  The  desired  length  of  moulded, 
clay  being  now  cut  off  from  the  mass,  it  is  drawn  forward  by  hand  over  the  receiving-rollers  oa 
to  the  cutting  or  plate  table  c,  in  front  of  the  cutting-wires  d,  d,  d,  so  that  the  expression  of  the 
main  stream  of  clay  from  the  moulding  machine  may  continue  without  interruption,  whilst  the 
severed  portion  intended  to  be  cut  up  remains  stationary. 

This  portion  of  the  moulded  clay  is  now  ready  to  be  cut  up  into  bricks,  which  is  done  by 
causing  the  wires  to  pass  through  it  by  means  of  operating  the  handle  e,  which  simultaneously 
transmits  motion  to  the  pinions  //,  the  racks  g  g,  and  the  whole  rack-frame  h  h,  carrying  with  them 
the  series  of  wires  d,  d,  d,  and  also  the  plate-table  c  and  platen  or  board  t,  causing  the  plate-table  c 
to  pass  from  under  the  clay  through  which  the  wires  are  passing,  and  to  be  replaced  by  the 
portable  platen  or  board  i.  The  handle  e  is  now  to  be  moved  in  the  opposite  direction,  by  which 
the  whole  movable  parts  described  are  returned  to  their  original  position,  taking  with  them  tho 
clay  now  in  form  of  cut  bricks  on  the  platen  or  board  » .  this  platen  or  board  i  is  then  removed 
with  the  bricks  upon  it.  Another  board  being  substituted,  the  machine  is  now  in  position  to  repeat 
the  operation. 

One  of  the  great  advantages  of  this  table  over  those  previously  in  use  consists  in  the  perfect  ease 
with  which  a  large  number  of  bricks  can  be  cut  and  safely  removed  from  the  machine  in  a  given 
time.  This  is  effected,  not  by  increasing  the  quantity  of  material  coming  from  the  moulding 
machine,  but  by  the  greatly-increased  facility  for  the  required  operations,  and  by  lessening  the 
number  of  the  waste  pieces  of  moulded  clay.  It  also  wholly  supersedes  the  risk  and  labour  in 
the  removal  of  the  bricks  from  the  machine.  In  other  machines  of  the  kind  the  cut  bricks  have 
to  be  removed  from  the  table  separately  to  place  them  on  the  barrow,  rendering  this  portion  of  the 
operation  subject  to  loss  or  damage  of  the  bricks  by  negligence  of  the  workmen. 

In  this  table  these  practical  objections  are  avoided,  as  by  its  arrangement  a  positive  number 
of  (ten  or  twelve)  bricks  is  cut  and  delivered,  by  one  simultaneous  operation,  each  time  of  cutting 
on  to  a  receiving  palette  or  board  ready  to  be  placed  upon  the  brick  barrow  without  the  cut  bricks 
having  been  handled  in  any  way. 

This  table  also  possesses  the  advantage  of  being  available  for  any  variation  of  length  of  brick 
and  for  any  required  angle  of  cut,  or  for  arch  bricks,  simply  by  removing  the  two  strain-bars 
between  which  the  wires  are  stretched,  and  by  replacing  them  with  other  bars  of  the  desired 
gauge,  thus  superseding  he  necessity  of  'he  outlay  hitherto  necessary  for  a  series  of  separate 
cutting-tables.  The  action  of  this  table  is  such,  that  whilst  the  wires  are  passing  through  the 
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clay,  it  is  held  true  and  firmly  against  a  cmonth 
cut  is  clean  and  the  ends  of  the  bricks 


up  and  down  by  means  of  par- 

tial  revolution  of  a  cam  on 

tlu-  cam-shaft  B,  actuated  by 

the  hand-lever  C  ;  this  cam- 

shaft is  connected  with  the 

top-cover  D  by  the  side  arms 

E,  and  moves  up  and  down 

with  it,  but  when  pressing  is 

free  to  reciprocate  on  its  own 

centre   without    moving    tlio 

cover  or  side  arms.     F  is  a 

weight  attached  to  the  cam- 

shaft, and  vibrates  with  tho 

hand-lever   C,    which    being 

sharply  thrown    over,    adds 

considerably  to  the  pressure 

by  its  own  momentum.    G  is 

a  friction-roller  on  which  the 

curved  end  of  the  hand-lever 

works  when   delivering  the 

bricks,  and   by    pulling  the 

hand-lever  over  in  the  posi- 

tion shown  in  the  engraving, 

the  whole  of  the  cam-abaft, 

with  the  side  arms  and  cover, 

are   bodily  raised,  and    the 

pi>t>n   is   brought   up  flush 

with  the  top  edge  of  tho 
mould-box.  The  rough  brick 
H  to  be  pressed  is  now  placed 

upon  the  piston,  and  the  lever  is  brought  over  to  the  rijrht  •lop  I.    TtM 

upon  the  friction-rollers,  and  the  whole  cam-.-huft.  ->!••  nrau,  top-cov«r,  aftd  UM  pfcfc*  vtUi  Aw 

brick,  arr  IH\W  ml  until  the  lever  arrives  at  a  |H  r|»  !..l:.-iil»r  ixwitioo,  by  vbkk  Uaw  tW  <WN*  IHM 

been  brought  into  its  proper  position  on  the  top  <>f  tin-  I-  x  or  tbe  frttkka; 

entirely  supported  by  the  side  arms  and  cover,  and  simply  rrrfprntniM  • 

motion  causes  the  cam  to  raise  tho  piston  and  compronoa  UM  brick. 

hharply  buck  t<>  the  opposite  side,  which  action  cause*  UM  carved  end  of  UM  km  ID  rtt»«|M» 

the  roller,  and  bodily  raises  tho  cam-shaft,  the  top-carer,  and  UM  piilna,  Md  iiiHt«fi  UM  Uw4 

ready  to  be  taken  nwny. 

(tee  of  the  great  feature!  in  this  press  u  the  patent  •rlMabrimtiitf  |Me«.  «lii>iVy  •  gtmt 
Raving  of  time  is  <  ll'tn-tcd,  and  the  great  deddentoni  of  pmoating  UM  ttUMMaa  cf  UM  Utek  ft*  UM 
mould  hits  been  obtah 

The  process  of  mtsthinj  is  nvsnrt<-<l  t<>  f»r  tin-  cflWtuml  •rpmrmtina  of 
stances  from  earths  into  which  tin  y,  im  '••  nt*nu(»ftvn  of  rfc»y 

those  classes  of  bricks,  such  as  London  -t  .-k'-.  with  which  fnraHMcfel 


mingled  with  the  clay.  For  Midi  ..l.j.-t  K.-H.-r  mid  ll.irmw  WMfcJlUU  «f»  mm 
are  applicable  separately  as  chalk-mill*.  Thew  milU  aw  •!•>  w*d  in  rvra 
manufacture  renders  the  washing  of  the  clay,  or  of  UM  whol*  of  UM  r»» 


Kiir.  i:H6  rcprewnta  »  rro«*«tfc>o  of  ooe  nf  CbyV*  •*  CW 
tlMmiiiorqMDfafdMik.«idUMOrtw 
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supported  at  the  top,  bottom,  and  centre  by  the  steps  V,  W,  W ;  to  this  enaft  is  fixed  a  G-way 
beam-socket  Y,  into  which  are  fitted  and  secured  six  harrow  beams,  two  of  which  are  shown  at 
E,  E,  Fig.  1326,  radiating  from  Y.  Upon  these  beams  E,  E,  are  fastened  harrows  F,  F,  by  means 
of  chain  slings  </,  0,  which  when  the  mill  is  at  work  permit  of  the  harrows  making  a  zig-zag 
motion.  The  chalk  race  D  is  furnished  with  three  spike-rollers,  one  of  which  is  shown,  in 
Fig.  1326,  at  H.  Besides  the  harrows  we  have  mentioned,  there  are  two  othm  attached  to  their 
respective  beams  E  in  the  chalk  race  D. 

The  ends  of  the  harrow  beams  E  are  supported  by  tie-bolts  K,  K,  K,  K,  which  are  secured  to 
a  lug-ring  6  at  the  top  of  the  centre  shaft  A.  The  tie-bolts  are  carried  through  the  lugs  on  the 
beam-caps  />,  and  can  be  tightened  up  when  required  by  the  nuts  at  p.  Scrapers  T  T  are  fixed  at 
the  ends  of  the  beams  to  keep  the  sides  of  the  races  clean.  Motion  is  given  to  the  central  shaft 
thfough  a  bevel-pinion  R  on  the  lay  shaft  S  and  bevel-wheel  O  keyed  on  the  central  shaft  A. 
This  bevel-wheel  O  works  on  antifriction  rollers  P,  P,  fitted  beneath  it.  Chalk  is  thrown  into  the 
hopper  B  (secured  on  to  and  revolving  with  the  beams  E),  and  passes  into  the  chalk  race  D,  where 
water  is  introduced.  The  material  becomes  quickly  liquefied,  and  passes  through  the  apertures 
Z  Z  into  the  clay  race  C,  wherein  is  thrown  the  clay,  &c.,  required  to  be  washed,  which  is  here 
worked  by  the  harrows,  reduced  to  a  thick  liquid  state,  and  amalgamated  with  the  chalk  water. 
The  limestones  precipitate,  and  the  liquid  mixture  is  let  off  through  the  sluice  L  and  outlet  M 
to  the  "  back,"  or  reservoir,  where  it  remains  until  of  suitable  consistency  for  being  moulded. 

Crushing. — In  Fig.  1327  A  is  the  receiving-hopper  of  Clayton's  Clay-crushing  Mill,  into  which 
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the  earth  requiring  to  be  crushed  is  thrown.  B,  B',  are  cast-iron  chilled  rollers,  bored  and  keyed 
upon  wrought-iion  shafts,  which  work  in  gun-metal  bearings.  The  rollers  B,  B',  may  be  set  nearer 
or  closer,  as  desired,  by  means  of  the  set  screws  C,  C',  so  that  the  stones  and  lumps  of  hard  clay 
may  be  crushed  as  well  as  the  finer  material.  The  machine  is  fixed  upon  a  strong  timber  framing ; 
round  the  receiving-hopper  A  a  platform  is  usually  erected  for  the  convenience  of  wheeling  the 
clay  to  the  mill. 

Vertical  Pugging  and  Moulding  Machine. — The  machine  of  which  Fig.  1328  is  a  side  elevation 
and  Fig.  1329  a  plan,  is  sometimes  termed  a  two-process  brick-making  machine.  This  machine  of 
Clayton  and  Co.  is  very  substantial  and  complete  ;  C  is  a  cast-iron  vertical  cylinder  fitted  at  top 
with  a  sheet-iron  hood  or  guard  H  (for  convenience  in  feeding),  mounted  and  bolted  firmly  upon  a 
strong  cast-iron  framework  F  F  and  foundation-plate  F1.  S  S  are  two  side  frames,  also  bolted  to 
framework  F  F  and  to  foundation-plate  F1,  whose  duty  is  to  carry  the  expressing  or  mould- 
feeding  rollers  K  R.  The  vertical  cylinder  C  is  furnished  with  a  strong,  square,  wrought-iron  pug- 
shaft  S1,  turned  at  ends,  and  into  which  are  fitted  and  secured  single  wrought  pugging-knives 
or  blades  B  B  B  B,  so  disposed  as  to  form  sections  of  a  screw,  and  at  bottom  of  the  cylinder  one 
double  delving-blade  or  sweeper  D,  forged  in  form  of  3-  Motion  is  given  to  this  pug-shaft  S1  by 
means  of  bevel-wheel  W,  keyed  upon  the  vertical  shaft,  and  pinion  W  fitted  upon  the  pulley- 
shaft  A  underneath  the  cylinder-plate  F.  The  vertical  shaft  S1  runs  in  a  step  T  bolted  to  the 
foundation-plate  F1,  and  is  supported  by  a  collar  B1  in  the  cylinder-plate  F,  and  also  by  a  bridge- 
bar  B2  fitted  at  the  top  of  cylinder,  thus  rendering  the  whole  substantially  rigid.  A  sluice- 
valve  V  is  adjusted  at  the  bottom  and  outside  of  the  cylinder  C,  opposite  to  the  expressing- 
.  rollers  R  R,  fitted  with  regulating-screw  and  wheel  S2.  Two  wrought-iron  carriage-bars  C'  O'  are 
bolted  to  cylinder-frame  F  F  and  roller-frame  S  S,  into  which  are  fixed  small  rollers  R'  R', 
making  a  framework  bridge  for  the  passage  of  the  pugged  earth  from  the  sluice-valve  V  to  the 
rollers  R  R. 

P  P  are  segmental  packing-pieces  of  wrought  iron  inserted  in  suitable  recesses  inside  the 
roller  side  frames  S  S  fitted  with  set  screws,  so  that  they  may  be  pressed  against  the  ends  of  the 
rollers  RR,  to  prevent  the  passage  of  the  clay  between  the  rollers  and  the  side  frames,  and 
compensate  for  the  wear  of  these  parts.  The  rollers  R  R  receive  motion  by  suitable  strong  spur- 
wheel  gearing  from  the  horizontal  pulley-shaft  A  and  pinion  P'  through  the  intermediate  shaft 
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A2  and  wheel  E  to  lower  feeding-roller 
shaft  A3  and  wheel  E',  the  top  roller 
being  geared  on  the  opposite  side  by  a 
pair  of  spur-wheels  G  G. 

NN  are  steel  scrapers  with  regu- 
lating-screws fitted  upon  the  delivery 
mouth-piece  of  the  machine,  for  cleaning 
the  rollers  as  they  revolve. 

In  front  of  the  delivery  mouth-piece 
is  attached  the  rotary  die  or  mould,  of 
which  M  M  are  the  rollers,  which  are 
covered  with  cloth  or  fustian.  These 
side  moulding-rollers  are  driven  by 
small  bevel-wheels  and  horizontal  shaft 
N  on  the  top  side  of  the  die,  receiving 
motion  from  the  lower  roller-shaft  A' 
by  pulleys  and  belt.  A  water-tank  T» 
is  attached  over,  fitted  with  pipes  and 
regulating-cocks,  for  keeping  moist  the 
cloth-faced  rollers  M  M,  to  prevent  the 
clay  adhering  thereto  as  they  rotate. 
In  front  of  the  rotating  die  or  moulding 
orifice  is  shown  the  self-delivery  cutting- 
table,  of  which  a  description  has  already 
been  rendered. 

The  brick-making  machinery,  in- 
vented by  Henry  Large,  which  is  em- 
ployed to  make  hard  bricks,  and  espe- 
cially those  which  do  not  require  burning, 
is  illustrated  by  mechanical  drawing, 
Figs.  1330  to  1337. 

The  materials  of  which  the  bricks 
are  to  be  made  when  properly  mixed 
are  placed  in  a  mould,  which  is  then 
brought  under  a  plunger  worked  by  a 
crank-pin,  eccentric,  or  other  equivalent 
mechanical  device,  whereby  the  mate- 
rials in  the  mould  will  become  con- 
solidated and  compressed  into  the  form 
of  a  brick.    The  mould  with  the  com- 
pressed brick  therein  is  then  carried 
forward  to  a  second  plunger,  the  rod  of 
which  is  connected  by  a  rocking  lever 
to  the  rod  of  the  first  plunger,  so  tli 
immediately  after  a  brick  has  been  com- 
pressed the  brick  that  has  just  been 
passed  forward  will  be  by  the  descent  o 
the  second  piston  forced  out  of  the  mould 
on  to  a  receiving-table  attached  to  t 
end  of  a  weighted  lever,  from  which  tli 
finished  brick  is  removed  by  hand,  M 
then  the  table  is  carried  up  by  a  weight 
lever  into  its  original  position,  read 
receive  another  brick. 
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Fig.  1330  is  a  side  elevation,  and  Fig.  1331  a 
front  elevation,  of  one  of  Large's  brick  machines, 
which  may  also  be  employed  for  moulding  or 
compressing  peat  or  small  coal  into  bricks  of  arti- 
ficial fuel. 

A  plunger  a  is  employed,  to  which  a  vertical 
reciprocating  motion   up  and  down  in   suitable 
guides  is  communicated  by  an  axis  6  driven  in 
any  convenient  manner  by  steam,  horse,  or  manual 
power,  and  carrying  a  crank-pin  &*,  which  is  re- 
ceived into  a  horizontal  slot  in  the  stem  of  the 
plunger  a;  beneath  which  is  a  tfible  c  to  support 
the  moulds  rf,  which  moulds  are  shown  detached 
in  side  view  at  Fig.  1332,  end  view  at  Fig.  1333, 
and  plan  view  at  Fig.  1334,  and  are  rectangular 
frames  open  at  the  top  and  bottom,  and  per- 
forated on  both  sides  and  both  ends.     The  mould 
is  placed  on  the  table,  and  into  it  there  is  first 
inserted  an  iron  pallet  or  bed,  shown  detached  in 
Fig.  1335;  this  bed  is  perforated,  and  having  a 
projection  upon  it  to  form  an  indent  in  the  brick 
to  hold  the  mortar.     The  brick-making  composi- 
tion or  material,  or  peat,  turf,  or  small  coals,  or 
other  substance  to  be  operated  upon,   is  then 
filled  into  the  mould  in  suitable  quantity,  and 
over  it  is  inserted  another  pallet  also  perforated, 
and  having  a  projection  upon  it  to  form  an  in- 
dent on  the  other  side  of  the  brick.     Or  plain  iron 
pallets  can  be  used,  which  would  be  the  case  for 
compressing  peat,  turf,  or  small  coal.     Then  the 
iron  plate  e,  shown  detached  Fig.  1336,  which 
gives  the  required  thickness  to  the  brick,  is  put 
on  the  top  pallet.     The  mould  thus  charged  is 
pushed  along  the  table  b  and  brought  under  the 
plunger  a,  and  the  plunger  coming  down  on  the 
top  of  the  iron  plate  e  powerfully  compresses 
the  contents  of  the  mould  and  forms  the 
material  into  a  brick,  or  any  other  form 
desired.     The  plunger  immediately  rises, 
and  the  first  mould  is  pushed  on,  and  the 
plate  t  is  taken  out,  whilst  another  similarly 
charged  mould  is  brought  into  position  to 
receive  the  pressure  at  the  next  descent  of 
the  plunger.     Each  mould  after  passing  the 
moulding  plunger  is  pushed  outwards  until 
it  comes  over  an  opening  in  the  table,  as  at 
c*,  slightly  larger  than  the  inside  of  the 
mould.    While  the  mould  is  resting  on  the 
table    c    it   receives    a 
second  plunger   at  the 
lower  end  of  the  rod  /, 
whereby  the   brick  or 
substance  in  the  mould 
is  forced  out  of  it  on  to  a 
palm  <7,  which  is  held  up 
against  it  by  a  counter- 
balance weighted  lever 
h    acting    against    the 
lower  end  of  the  vertical 
rod  «'.   The  second  plun- 
ger has  a  reciprocating 
vertical  motion  given  to 
it  by  means  of  a  link, 
whereby  it  is  connected 
to  a  rocking  lever  j,  the 
opposite  end  of  which  is 
similarly  connected   to 
the  rod  of  the  first  plun- 
ger   a.      The    finished 
brick   or  substance    in 
the      mould,     together 
with   the   bottom    and 
top  pallets,  remain  on 
the  palm  A,  their  weight 
being  sufficient  to  keep 
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the  palm  down.    At  cath  brick  or  Mbeteoat  u  iMiiifnil  UM  paha  A  aphi  i 

•nrk,  anil  the  cmptr  mould  U  eoatvyed  away  to  b»  rrflllrd.    On  !&• 
l>n<-k  or  raWtanee  i*  cuuipraMtd  in  UM  MMUMr  iliiarftid.  two  or  «r«»  tMi  b*  M4»  M  <•»  i 
venl  ploamn,  and  ml*,  nui  b*  dnv«i  nut  of  UM  •oaMa  by  •  Mm«d  »4  W  •!•« 


UM  L  D.  (hm  MwiMi  »  flM  4  MJHM 

,.;..;,-.          w....i 

<••  ir»  to  UM  IP*»  ••••>IH»IM  Mum  »  ^idk. 


'  of  UM  boiMw  *»  ImiH  of  UMM  bridn,  Md 
ThotnM  Don.  UM  eaiaeat  BMchiAUt,  flm  UM  faUawtag  M  UM 
hydrmulic  prewar*:  — 


1.  A  stock  brick,  M  ardimrilj 

2.  A  rompmnd  cuo«Nto  brick. 

6  l«rto  ontrae  (•nd.  14  «Ur» 
.    Hiui.l-nuulo  cnorrrto  brick,  1   part  " 
and  booin  mixfd,  made  7  vNka 
4.  A  malm  parioar,  Tory  well  BMXM  and 
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Brick-mould*  may  be  made  of 'any  hard  wood,  which  should  he  tlnaioihll 
edges,  which  wear  very  fast,  should  be  protected  by  a  thin  strip 
of  iron.  Mould*  should  be  frequently  ganged,  nsturiallj  when 
the  brick-makers  tin.  I  their  own  mould*,  or  the  brick*  Made  will 
vary  very  much  in  thickness.  Brick-mould*  are  now  mails 
lined  with  brass,  which  show*  the  importance  •tttrrbtii  to  the 
correct  moulding  of  bricks. 

Two  method*  of  moulding  are  employed,  namely, ibp  and  *me* 
moulding.    In  th--  fnnuer  tin-  in«.iil  : 

it  is  is-  •!  in  the  latt.-r  it  i-  .-prinkl.il  with  :•  Mini,  ur  with  aabm 
from  an  old  brick  kiln.  In  either  CAM-  ti.-  brick-earth  should 
•  •  used  too  wet;  and  it  ahoold  be  praawi  carefully  and 
thoroughly,  so  as  to  fill  the  moulds.  The  superfluous  earth  is  then 
removed  by  a  ttnke,  which  i*  a  straight-edge  of  wood  or  metal  p 


of  tike  brkk.  tWnky  Na4aM«  te 


and  prewed  well  down  on  iu  edgem.    Bteefitrike*  an  baat,  a«' 
the  >  .rick-mould,  and  then  acrape  away  too  modi  of  the 
thicknew  irreffolar. 

Jtri'-k*  made  by  hand  are  moulded  on  board*  or  benabai;  ia  India,  awally on  tW| 
ahoold  be  made  a*  onooth  and  etreo  a*  powibia,  At  Baorkam,  •jaoalli  pfcM^Ml  Wvwm  •»•»  !•• 
aa«d,  the  *nrfa«e«prinkJ«d  with  floe  *and  or  a«bea.  The  brick*  ar»  aw^M  ai4»  w»  *4*  UU  Uw 
terrace  is  oorered ;  they  are  then  left  on  it  UU  dry  etwajrh  to  b*  tmn»4  an  «4«  wttimrt  •••  •** 
ahape;  then,  after  another  •hart  interval,  •tacked,  or.  a*  it  u  mlba.  kid  !•  a  wi 

./.-The  brick. .honld  be  left  in  »tack  ontil  tbonMichly dry.  a«,  if  pwt  t»k>  iW MM 
the  .trong  beat  of  the  kiln  will  dry  them  too  Mddenly,  aa4  probably  ifiUl  or  partially  4Ma4 


In  drying  bricks,  they  B^  to  ftrotooteil  fro**  the  sum,  vtod,  rate.  a*4  test;  a*d  en*  W«4 
most  be  dried  uniformly  from  the  surface  to  the  centra, 

moulded  bricks  are  •••ally  dried  on  flats  or  on  d* ijat -juom.  mlisyiifcsy  i»sjn»sa  ftwaiemw 
day  to  five  or  six,  acmrding  to  the  state  of  the  **athsr.  Whs*  sfvawl  owl  ••  |W  •-•  Uvy  aw 
sprinkled  with  sand,  which  absorhs  the swpart.***  wUeM.  a*j4  fosjaWa  the* Issa  liaM*w«e»a*4 

-un.    After  mnainiag  on  the  floors  until  avflMssjtly  hard  to  * 
are  built  ui.  int..  hacks  under  cover,  whore  thejr  retnate  fr«e»  « 
the  kiln.     In  wet  weather  they  are  spread  ovt  on  the  floor  of  the 
then  be  taken  to  avoid  draught*  which  would  OMMO  the  hrfsfca  to 
other.    To  prevent  this,  board*  set  edgeways  are  ptasvd  all 
of  air. 


The  groond  required  for  drying  brldu  to  thU 
the  floorabat  a  abort  tim^  and  oec^jr  Uttle  i 


i:  '  : •      •          '•      • 

aldinMlooL  and  remain  in  the  hack*  »»*h  hMer  than  Wiafca  ! 
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the  heat  can  be  regulated  to  great  nicety ;  and  if  the  green  bricks,  when  first  placed  in  the  kiln, 
be  not  thoroughly  dried,  a  gentle  heat  is  applied  until  this  is  effected.  In  clamping,  however,  the 
full  heat  is  attained  almost  immediately,  and,  therefore,  the  bricks  must  be  thoroughly  dried,  or 
they  would  fly  to  pieces. 

We  append  some  useful  directions  and  practical  remarks  on  the  burning  of  bricks,  taken  from 
4  The  Roorkee  Treatise  on  Civil  Engineering,'  edited  by  J.  G.  Medley. 

The  burning  of  bricks  is  an  operation  of  great  nicety,  because  if  not  burnt  enough  they  will  be 
soft  and  worthless,  and  if  overdone,  they  vitrify,  lose  their  shape,  and  often  run  together  BO  as 
to  be  inseparable  and  useless.  Various  methods  have  been  adopted  for  producing  the  due  degree 
of  firing.  In  general,  bricks  are  burnt,  both  in  America  and  England,  in  a  brick  kiln  ;  but  in 
London,  the  burning  constantly  takes  place  in  the  open  air,  the  bricks  being  made  up  into 
immense  quadrangular  piles  or  clumps,  consisting  of  from  200,000  to  500,000  bricks  in  each.  In 
India  both  kilns  and  clamps  are  used. 

English  Kiln. — A  brick  kiln,  as  usually  constructed,  is  formed  of  bricks  built  in  a  square  form 
like  a  house,  with  very  thick  side  walls,  and  a  wide  doorway  at  each  end,  for  taking  in  and  carrying 
out  the  bricks ;  but  these  doors  are  built  up  with  soft  bricks  laid  in  clay,  while  the  kiln  is  burning, 
and  a  temporary  roofing  of  any  light  material  is  generally  placed  over  the  kiln  to  protect  the  raw 
bricks  from  rain  while  setting,  and  so  made  that  it  may  be  removed  after  the  kiln  is  fired.  The 
English  kilns  are  generally  13  ft.  long,  10  ft.  wide,  and  12  ft.  high,  which  size  contains  and  burns 
20,000  bricks  at  once.  Wood  is  the  usual  fuel  used  in  these  kilns,  and  they  are  frequently  built 
with  partitions,  for  containing  the  fuel  and  for  supporting  the  bricks,  in  the  form  of  arches,  as 
will  be  presently  described.  The  bricks  must  be  placed  in  the  kiln  with  great  care,  and  this 
operation  is  called  setting  the  kiln,  and  is  performed  by  one  or  two  men  who  understand  the  busi- 
ness, and  to  whom  the  raw  bricks  are  delivered  in  barrows.  The  form  of  the  setting  is  pretty 
nearly  the  same  in  the  country  kilns  and  in  the  London  clamps,  except  that  in  the  latter  the  arches 
are  much  smaller,  because  wood  is  only  used  for  kindling  and  not  for  burning. 

The  bottom  of  the  kiln,  Fig.  1340,  is  laid  in  regular  rows,  of  two  or  three  bricks  wide,  with  an 

1340. 


interval  of  two  bricks  between  each,  and  these  rows  are  so  many  walls  extending  lengthwise  of 
the  kiln,  and  running  quite  through  it ;  they  are  built  at  least  six  or  eight  courses  high,  so  as 
to  give  the  kiln  the  appearance  shown  in  the  figure,  which  is  an  end  view  of  the  kiln.  And 
this  is  permanent  work,  in  kilns  that  have  fire-places  built  in  their  floors,  or  it  has  to  be  formed 
every  time  the  kiln  is  set,  when  it  has  a  flat  bottom.  The  intervals  between  the  walls  are  laid 
first  with  shavings,  or  brushwood,  or  anything  that  will  kindle  easily,  then  with  larger  brushwood 
cut  into  short  lengths,  that  it  may  pack  in  a  compact  manner ;  and  lastly,  with  logs  of  split  wood. 
This  done,  the  over-spanning  or  formation  of  the  arches  is  commenced ;  for  this  purpose  every 
course  of  bricks  is  made  to  extend  1£  in.  beyond  the  course  immediately  below  it,  for  five  courses 
in  height,  taking  care  to  skintle  well  behind,  that  is,  to  back  up,  or  fill  up  with  bricks  against  the 
over-spanners.  An  equal  number  of  courses,  on  the  opposite  side  of  the  arch,  is  then  set  as  before, 
and  thus  the  arch  is  formed,  which  is  called  rounding,  and  is  a  nice  and  important  operation,  for 
if  the  arch  fails  or  falls  in,  the  fire  may  be  extinguished,  or  many  of  the  bricks  above  the  arch  may 
be  broken.  The  intermediate  spaces  between  the  arches  are  now  filled  up,  so  as  to  bring  the  whole 
surface  to  a  level,  and  then  the  setting  of  the  kilns 
proceeds  with  regularity  until  it  obtains  its  full 
height.  In  setting  the  kiln,  not  only  in  its  body,  but 
in  the  arches  also,  the  ends  of  the  bricks  touch  each 
other,  but  narrow  spaces  must  be  left  between  the 
sides  of  every  brick  for  the  fire  to  play  through,  and 
this  is  done  by  placing  the  bricks  on  their  edges, 
and  following  what  is  called  by  brick-makers  the 
rule  of  three  upon  three,  reversing  the  direction  of 
each  course,  as  shown  in  Fig.  1341.  The  kiln  being 
filled,  the  top  course  is  laid  with  flat  bricks,  so  disposed  that  one  brick  covers  part  of  three  others ; 
which  process  is  called  platting. 

Indian  Kiln. — There  are  various  methods  in  practice  in  India  of  filling  and  firing  a  kiln  of  the 
same  construction  as  the  above. 

1st.  Laying  alternate  complete  layers  of  wood  fuel  and  of  bricks,  the  flues  passing  only  5  or 
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6  ft.  into  the  interior  of  tbo  kiln,  all  the  rest  of  the  nVn>  bain*  aeaaamd  a*  tk*  BJJJ  u« 
fuel 

2nd.  Arranging  the  bricks  in  a  second  nt  of  dim  fire  or  MX  KMieenbuis  UM  int.  end  eme» 
ing  them  at  right  angle* ;  and  to  on  with  floes  alternately  ia  these  two  diaWwat  dfaaamnas  la  I 

top;  or, 

3rd.  Having,  aa  before,  one  series  of  floe*  at  bottom,  and  above  alternate  enmatoto  kvem  at 
bricks  and  fuel. 

Firing.— The  kiln  being  filled,  the  «TMM  succeeds,  and  this  is  a  MM!  dsimato  oaecattoa.  aad 
one  that  requires  much  experience.  The  fool  U  kindled 


wacthinsj  and  attendance,  for  being  in  a  Urge  body,  U  would  b«m -Jnlawtlj end  pfwdaaea 
heat  such  as  would  crack  and  spoU  the  lowest  brick*.    To    ' 


mouths  are  cloned  with  dry  bricka,  or  even  smeared  with  wet  clay,  in  order  to  L 

of  air  and  the  rapid  combustion  that  would  ensue.    The  fire  moet  be  made  to  ^ _ 

burn,  as  in  making  charcoal,  in  order  that  by  lU  gentle  beat  it  may  evaporate  the  haaudtly  thel 


ay  be  opened  to  admit  lull  .traugnt.  and  a  etioag  fife  kef*  aa  tor 
but  the  beat  most  not  be  white  or  so  strong  at  to  m*tt  or  vttrify 
sars  to  be  increasing  too  rapidly,  the  vent  mast  be  partly  etomd. 
tains  thirty-five  courses,  will  be  (bond  to  have  soak  about  9  te. ; 
this  sinkinc  that  the  workman  kaowe 
ning  afewkila.  will  anew  he*  nwh 
it  U  thus  eerortaiasd  that  the  kirn  ia 


ogee  colour  from  a  light  to  a  dark  hue,  the  drying  to  _ 
plote,  and  the  fire  may  be  urged.    The  fin*,  or  white  smoke,  called  ~strr  smoke.  M  u  fart  ItuU 
t  the  steam  of  the  water  while  evaporating,  and  when  that  u  gone,  the  real  smoke  of  the 
fuel  succeeds.    Now  the  vents  may  be  opened  to  admit  full  draught,  and  a  etioag  fir*  kef*  aa  far 

from  f.-rty-vL'ht  to  *ixty  hours;  but  " 

the  bricks,  and  whenever  it  appears 

By  this  time  the  kiln,  if  it  contains 

but  the  stronger  the  clay  the  more  it  will  shrink,  and  it  is  by  this  i 

when  the  kiln  is  sufficiently  burnt.    The  experience  of  burning  i 

the  clay  of  that  particular  plnoe  yields  t<>  the  firing.    When  it  is  i 

ready,  the  vent-holes,  and  all  other  chinks  through  which  air  can  enter,  are  earc/ully  stopped  wtth 

briek*  and  clay.    In  this  state  it  remains  until  the  bricks  are  cold  enough  to  he  taken  down,  when 

they  are  distributed  for  use. 

From  the  nature  of  the  above  process  it  will  be  evident  that  bricks  of  vary  < 
must  be  found  in  the  same  kiln ;  fur  as  the  fire  is  all  a 
diate  vicinity  will  be  burnt  to  great  hardness,  or  j«  r 

well  burnt;  and  those  at  the  top.  whi.-h  are  not  only  most  distant  from  the  fire,  hat  I 
to  the  open  air,  will  lie  t.  »>  little  burned ;  consequently,  if  they  can  be  used,  they  mast  be  I 
for  inside  work  that  is  not  exposed  to  the  weather,  or  they  will  »••  n  fail  and  crumble  to  | 

/.HV/uA  <  Y.I;/./-.— In  the  English  method  of  cma  alamo  naming,  without  i 
disposition  of  the  bricks  is  the  same  as  above  described,  except  that 


applied  below,  the  lower  brteka  to  tto  taame- 
*rhaps  vitrified:  those  in  U»  middle  will  be 
most  distant  from  the  fire,  bat  mote  ii|  i  n  i 


ail  end  ermafale  to  ntomm, 

fcMit  any  kiln,  U»  pUia*  e*4 


smaller,  as  they  are  only  intended  to  contain  brushwood  to  produce  the  first  kiadltog.  ead  aot  far 
the  future  supply  of  fuel.    No  fuel  U  need  except  the  tran*  cinders  and  small  anal,  ami  this  Is 
di.-tri  MI  t.-d.  by  means  of  a  sieve  with  wires  about  half  an  inch  apart,  over  every  eoaraa,  •• 
laid  near  the  bottom,  and  over  every  alternate  course,  or  every  third  course  higher  up  to  the  kirn. 

it  layers  of  this  fuel  are  from  1  in.  to  1 J  in.  in  thickness,  bat  they  diminish  a*  Uvy  eeasad. 
because  the  action  of  the  heat  is  to  ascend:  consequently,  there  te  aot  the  same  amestty  far  fast 

npjMT  n.t  in  the  lower  part 
htmtma  ••(  furl,  and  from  the  nature  of 


to  ascend:  consequently,  there  te  not  the  same  amesttv  tor  Ami 
of  the  kiln.  The  brushwood  in  the  bottom  icalta*  the  tower 
Aura  of  its  distribution,  the  vertsaal  ee  well  aa  haH**mJ  jetoto 


will  »..-  till.,|  with  it  mid  thus  the  fire  gradually  spreads  itsrlf  upward*,  and  the  whale etomf)  te 
nothing  but  a  mass  of  bricks  and  burning  fuel.    The  heat  u  therefore  maeh  saore|ieiamn 


tril.ut.-d  ttir.u-li-iit  the  whole  mass,  and  in  order  to  confine  It,  the  eatire  oatohfo  of  the  etomp  te 
thick! j  plastered  with  wet  clay  and  sand,  the  bottom  holes  being  opened  or  shut,  ee  eametoa  may 
require,  for  regulating  the  draught  of  air. 

.vithstanding  the  beat  te  much  more  equally  dtetrfbwtod  tlwmghoat  Ms  fom  of  Uk*.  vet 

thr  outside  brick.H  «ll  srotind  receive  very  little  advantage  from  the  fire,  end  ere  mmr  hwrat.  bwt 

•  otiUide  Uiry  are  easily  removed,  and  are  reserved  far  the  oatoide  eaalag  ef  UM  inert 

clump  that  may  bo  built ;  and  being  tbm  turned  with  their  unbaked  aides  towards,  srnae  ef  Ihsea 

become  available.    On  taking  down  the  damp,  the  Drioks  are  assorted  iate  three  isisqli  aamais 

uties,  according  te  their  perfection  Md  gnndaaa.  Thee*  that  are barat  v*rv  lieH  a*4  batw 

not  lost  their  figure  or  shape,  may  be  nlirtii  far  atahea.    The  mate  hedyef  vsJI  hHaj  hrtoke  sj» 

called  ,/-•*«,  and  those  whieji  are  imperfectly  Hamed  are  eaOed  •«•»  brtcka. 

These  several  varietieeflf  briek  have  eaeh  a  sepamto  prtea,  thebeet  hetog  werth  twteeee  .**• 
M  the  wont.  If  th.  tire  has  not  been  carefully  attended  to.  aad  hat  heea  permitted  to  get  toe 
".lent,  ..me  ,,f  the  lower  brick,  will  bet^me dtotortod  by  parttel  fa^oa,  aad  t»yjwseitoi *dhe*e 

r.  wh'-n  they  are  called  of im ten,  ami  are  usalees  for  baildmg  parpossa,  at 

B0  A^Mamp  of  100.000  bricks  rarely  borne  oat  aadar  a  mimth.    These  te  a  g^  awtog^ef 

*-•  UHJT  lawp  *P*  **  ww 


l>rick^  oiiirht  not  to  DO  opcucn  ouS  D0HW  laMJT  ••9  iMflH 
t>roGZO  plftvinjj  iij*nn  tli<*ni  *li**n  nnc.     lofffMBtM 

fiftvfl!r  m""n  "™J^«^«*£^*  ^~ii*l+'£l 

bricks;  a  great  deal  however,  depends  also  upon  the  etoy ;  a  Ught  sandy  etoy.  eaeh  as  to  to 

by  river  sides,  takes  leat  fuel  than  a  hard,  stray  eby. 

A  maond  is  an  Indian  weight,  varying  to  dhwant  boaltttea  CtaalM 
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The  Madras  maund  is  24  or  25  Ibs. ;  the  Bombay  maund  28  Ibs. ;  the  Surat  maund  41  Ibs. ;  and 
the  bazaar  maund  S2:  Ibs. 

In  London,  close  instead  of  open  clamps  are  employed,  no  spaces  being  left  between  the  bricks. 
Each  brick  contains  in  itself  the  fuel  necessary  for  its  vitrification;  the  breeze  or  cinders  serving 
only  to  ignite  the  lower  tiers  of  bricks,  from  which  the  heat  gradually  spreads  over  the  whole 
clamp. 

liMtn  Clamp. — The  native  clamp,  or  pajdwah,  is  an  arrangement  for  brick-burning  in  the  open 
air,  somewhat  resembling  the  English  clamp.  The  bricks  and  fuel  are  laid  alternately,  the 
former  in  courses  of  four  or  five  bricks,  the  latter  of  2  or  2J  ft.  in  thickness,  the  proportion  of  fuel 
being  diminished  towards  the  top.  The  whole  is  generally  built  with  one  side  abrupt  and  nearly 
vertical,  and  with  a  long  slope  on  the  other.  The  fuel  consists  of  dry  grass,  wooden  chips,  khdt 
(manure),  koorah  (litter,  miscellaneous  dry  sweepings),  and  oopla  (dried  cow-dung),  and  very  gene- 
rally a  layer  of  wood  under  all. 

The  form  of  the  pajdwah  is  generally  triangular ;  its  floor  smooth  and  sloping  at  an  angle  of 
15°,  being  lowest  at  the  angle,  where  it  is  lighted.  The  upper  surface  slopes  at  an  angle  of  about 
30°,  in  the  direction  of  its  length. 

The  following  is  a  note  on  brick-burning  in  pajdwahs,  by  Lieut.  J.  Finn,  formerly  Executive 
Officer  of  Materials  at  Roorkee : — The  quantity  of  fuel  used  in  the  Hindoostanee  kilns  at  and  near 
Roorkee  is  about  6  in.  thicker  than  the  layer  of  bricks  placed  over  it ;  that  is  to  say,  if  the  fuel  is 
3  ft.  in  thickness,  the  layer  of  bricks  placed  on  the  top  of  it  should  be  2£  ft.  or  five  bricks  high  ; 
each  brick  being  6  in.  wide.  A  kiln  now  being  filled  at  Roorkee  has  a  layer  of  wood  about  1  ft. 
deep  all  along  the  bottom,  but  none  in  the  second  or  third  tiers,  excepting  a  small  quantity  at  the 
mouth  of  the  kiln  to  ensure  its  speedy  ignition.  When  the  kiln  is  ready  for  firing,  about  1  ft.  in 
thickness  of  fuel  is  spread  all  over  its  top,  and  over  that  1  ft.  of  ashes. 

The  under-mentioned  quantity  of  fuel  will  burn  one  lakh  of  bricks  in  a  native  kiln,  namely, 
325  2-bullock  cart  loads  of  khdt,  750  maunds  of  oopla,  and  100  maunds  of  fire-wood. 

Once  a  kiln  is  filled,  covered  over  on  the  top  with  ashes,  and  fired,  it  is  not  liable  to  injury 
from  high  strong  wind ;  nor  will  a  heavy  fall  of  rain  harm  a  kiln  when  in  the  above-mentioned 
state. 

The  size  of  bricks  used  in  masonry  works  of  the  Northern  Division,  Granges  Canal,  is 
12  x  6  X  2|  in. 

The  sooner  a  Hindoostanee  kiln  is  fired  the  better.  When  about  one-third  filled,  the  kiln 
ought  to  be  lighted,  for  the  fire  will  burn  quicker  and  more  equably  before  the  fuel  becomes  com- 
pressed and  partly  decayed  than  it  would  otherwise. 

The  fuel  used  in  a  pajdwah  consists  of  all  kinds  of  combustible  refuse  of  towns  and  villages, 
and  oopla  and  dung  made  into  cakes  well  dried  in  the  sun.  Oopla  and  huddy  khuddy  (bones  and 
pigs' dung)  have  been  weighed  before  being  put  into  kiln;  of  the  former,  from  1500  to  1800 
maunds ;  of  the  latter,  from  300  to  600  maunds ;  and  about  6000  maunds  of  koorah  (village  refuse) 
are  required  for  one  lakh  of  bricks.  Small  quantities  of  wood  have  sometimes  been  put  into  kilns, 
but  it  proved  disadvantageous,  and  the  use  of  wood  and  koorah  conjointly  is  injurious. 

The  time  occupied  in  loading  a  kiln  varies  from  two  to  three  months  for  each  lakh.  Experience 
has  convinced  brick-makers  in  India  that  the  sooner  a  kiln  is  fired  the  better.  The  rule  is  that 
when  40,000  or  50,000  bricks  were  piled  into  the  kiln,  it  should  be  lighted ;  the  progress  of  the  fire 
being  slow,  any  number  of  bricks  can  be  piled  afterwards. 

Figs.  1342  to  1344  show  sections  of  a  brick  clamp  as  burnt  by  Captain  Sage.  Contents  of 
kiln,  Fig.  1342  : — Small  wood  and  chips,  600  maunds ;  coal  in  layers,  750  maunds  ;  bricks,  206,000. 
Contents  of  kiln,  Fig.  1343 : — 75,000  bricks;  1185  maunds  of  wood. 

1342. 
Burnt  with  coal  at  Bhoorsoot. 
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Ground  Plan  similar  to  that  of  Fig.  1343. 
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Bunt  with  wood  at  Jubpoor. 
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Various  ezperimenU  were  made  in  Bengal,  and  the  remit  nahHahart  by  the  Unitary  Board. 
7  and  1828,  on  the  burning  brick*  in  <*a»ps,  bnth  with  wood  and  «*L  The  c*as»t»  MM 
built  with  fines  M  described  in  the  English  Mat,  bat  smaller.  and  fllled  with  well-drtod  rbi»*  « 
brushwood.  For  the  fuel  above  the  floea,  given  wood  WM  profaned,  as  r*Unhn«  the  tr».  wa>4> 
loaded  kilns  generally  burning  too  rapidly,  and  causing  great  low  by  vttnfyi&g  UM  brttk*  to 
tho  centre.  The  wood  waa  split  up  into  pieces  not  runeedlaft  4  or  5  la.  to  thMneaa,  ead  •» 
arranged  as  to  leave  level  surface*,  for  the  layers  of  brick*  to  be  laid  •pea.  The  toe*  ww»  3  ft 

flat  on 


high  and  9  in.  wide,  with  three  brick*  laid 


intervals  to  allow  «<  IW 


then,  having  narro 

fire  ascending  from  the  floea.    Tho  damp*  were  flniabed  with  alu-roat*  lajww  of  bndi  *«d  fM. 
each  other  throoghoat,  the  inte 


the  bricks  being  laid  touching  each  other  throughout,  the  Jnterstios*  teVnl  by  their  eoatntstto*) 
und.-r  the  great  heat  being  sufficient  to  ensure  the  flring  of  the  apper  layers  of  fwaL    Tht  aide* 
nf  tho  clamp  were  then  built  up  with  mod  and  broken  bride*,  well  plastered  with  m*d  to  i 
the  air. 

Besides  the  advantage  of  cheapness,  coal  i*  shown  to  be  in  many  other 
fuel,  to  wood ;  the  space  occupied  by  it  between  the  layers  of  brick  to  so  nwoh  ia*alto.~t*»l  UM 
clamp  sinks  much  leas,  and  its  outer  casing  i*  lea*  deranged.  The  wind  which  tatarfcww  wtth 
the  gradual  and  equable  procees  of  the  fire  i*  thus  better  kept  oat  The  )a**  by  bfvakage  ia  Uk*» 
wise  much  lees,  and  the  bricks  from  Ix-ing  hurnt  more  idowly  are  more  eompart  TV  "•!  • 
be  broken  into  piecee  not  exceeding  1  in.  in  diameter.  In  kihta,  likewise,  eoal  mm 
advantages  over  wood  except  as  regards  the  greater  rttoplanemfnt  «f  the  eaatef  of  the  cejanp* : 
permanent  walls  of  kilns  not  being  liable  to  this  contingency.  Kiln  wall*  may  be  bofll  • 
plastered  with  mud,  and  repaired  with  the  same  material  from  time  to  time;  they  i 
the  outside  aUmt  1  ft.  in  5. 

Another  construction,  by  Capt  Bell,  Figa.  1345,  1S44I, 
sinking  of  kilns  when  wood  is  used  as  fuel.    The  wood  is  *v» 
each  other  at  ri-_'ht  angle*,  the  walU  of  which  are  sapported  by  layers  of 
•:•„'  tho  nn-ft  of  the-  kiln. 

The  ground  layer  of  four  flat  bricks  being  laid  wifh  raaJdMant  fnaa,  they  are  flOed  ••  «Hh 

~*  .-.-  **..  I       ^_«  .  L.     A-^.^^.!      A      a^tfto^hj      ^^ 

Bat;  OB  IMs  to  nwnaM  a  BJB*B*M  s*a 


li^ht  wood  and  dry  chip*,  over  which  two  brick*  are  laid 

of  flues,  running  across  the  ground  floea,  and,  after  filling  op  bstwaen  UM  twa  with  vaai.  the 
t  ..v,<r  with  three  brick*  on  edge,  the  length  of  the  brisk*  iwMrinj  hi  the  S**M 
.lir..ti.,n  with  tin-  flues  and  wood.  The  full  height  to formwi  by  an  afetoraatiaa of  ww* MS)  sa*d 
aanMof  brioka.**Aow«mF1f.l«M  I  »  r.  u. .  r  i ...  u  u  i  :•  t  .  .  t  - 
tack  set  of  flue*,  to  prevent  the  brfcfa  on  edge  from  falling  into  thsam,  whflsl  H 

To  close  the  clamp,  extend  the  flue  opening  a*  al «,  Flf.  194A,  on*  brink  in 


Brkk  Oanp  burat  by  Csatate  BaO  at 


(V--.X   •     r, 
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1346. 

PLAN 


("•TIER 


GROUND  TIER 


J_J 


it  with  two  flat  bricks.  Then  build  up,  with  one  brick  breadth-ways,  the  outer  coating  as  at  g 
(with  half-dried  bricks,  or  any  kind),  over  which  straw  (well  wetted)  is  laid  on  the  slope  from  the 
top  downwards,  giving  it  a  good  coat  of  mud  plaster.  The  mud  should  not  be  thickly  laid  on,  but 
well  rubbed  into  the  grass.  If  thick,  the  heat  of  the  fire  and  sun  makes  it  peel  off  and  admit  the 
air,  before  the  fire  has  gone  through  the  kiln. 

One  great  error  appears  to  consist  in  putting  large  masses  of  wood  into  the  upper  tier  flues :  it 
is  thus  that  so  much  material  becomes  vitrified.  The  ground  flues  ought  to  be  filled  (but  not 
choked)  with  good  dry  fuel  intermixed  with  chips,  so  as  to  communicate  quickly  through  the 
whole.  The  wood  of  the  first  tier  should  be  reasonably  large,  with  some  small  pieces  or  chips ; 
and  in  every  higher  tier  in  succession  they  should  be  less  in  size  as  well  as  in  quantity ;  because,  as 
all  the  fire  and  heat  rise  from  below,  the  higher  tier  has  the  advantage  of  all  the  foregoing  flue  fires 
in  addition  to  its  own.  Previous  to  its  ignition,  too  many  bricks  should  not  be  piled  above  wood, 
however  great  the  quantity  of  the  latter,  or  they  will  be  irregularly  burnt  and  much  fuel  wasted. 

See  BOND.     BOND-COURSE.    BRICKWORK.    CONSTRUCTION.    KILN.    STONE,  Artificial. 

Works  and  Papers  relating  to  Brick-making: — Brughat,  'L'Art  du  Briquetier,'  2  vols.,  1861. 
Dobson  (E.),  '  On  Bricks  and  Tiles,"  1868.  Medley  (F.  G.),  'Eoorkee  Treatise  on  Civil  Engineer- 
ing.' Papers  by  Clift,  Fothergill,  and  others,  in  the  '  Trans.  Inst.  Mechanical  Engineers.' 

BRICKWORK.  FR.,  Mufonnerie  de  briques ;  GEB.,  Mauerarbeit,  Ziegelwerk  ;  ITAL.,  Mattonato ; 
SPAN.,  Enladrillado. 

A  term  used  in  the  art  of  construction  to  denote  the  combination  of  bricks  with  mortar  or 
cement. 

Architects  and  surveyors  in  the  neighbourhood  of  London  adopt  as  their  standard  of  measure- 
ment for  brickwork  the  square  rod  of  272  ft.  superficial,  reduced  to  a  thickness  of  1  £  brick.  In  the 
provinces  and  by  civil  engineers  the  cubic  yard  is  more  commcnly  used. 

A  rod  of  reduced  brickwork  of  four  courses  to  the  foot  in  height  requires  435G  bricks,  and  a 
cubic  yard  requires  384  bricks.  When  the  mortar-joints  are  limited  to  £  of  an  in.  in  thickness, 
the  rod  of  brickwork  contains  258  ft.  cube  of  bricks  and  48  ft.  cube  of  mortar ;  the  cubic  yard 
contains  22f  ft.  cube  of  bricks  and  4J  ft.  cube  of  mortar.  When  the  joints  are  f  of  an  in.  in 
thickness,  the  rod  of  brickwork  contains  235  ft.  cube  of  bricks  and  71  ft.  cube  of  mortar ;  the 
cubic  yard  contains  20f  ft.  cube  of  bricks  and  6£  ft.  cube  of  mortar. 

The  proportions,  in  general,  of  bricks  and  mortar  in  any  given  quantity  of  brickwork  vary 
according  to  the  size  of  the  bricks  and  the  thickness  of  the  mortar-joints.  In  practice,  3  cubic 
yards  of  mortar  are  allowed  to  a  rod  of  brickwork,  and  36  bushels  of  Roman  cement  with  an  equal 
quantity  of  sand ;  but  when  Portland  cement  is  used  there  should  be  allowed  about  38  bushels  of 
cement  to  an  equal  quantity  of  sand.  When  the  proportions  of  Portland  cement  to  sand  are  to  be 
as  1  to  2,  25  bushels  of  the  former  and  50  of  the  latter  will  be  required  for  a  rod  of  brickwork. 
1 26  gallons  of  water  are  usually  allowed  to  a  rod  of  brickwork  to  slake  the  lime  and  mix  the 
mortar.  Cement  requires  rather  more  water,  particularly  Roman  cement,  which  absorbs  it  very 
rapidly. 

The  weight  of  bricks  varies  considerably,  some  weighing  only  5  Ibs.  and  others  7J  Ibs.,  and  in 
some  cases  as  much  as  9  Ibs.  each.  For  the  purpose  of  calculation,  however,  the  weight  of  a  rod 
of  brickwork  just  built  may  be  taken  at  16  tons,  which  will  probably  be  reduced  to  15  tons  whea 
the  work  becomes  thoroughly  dry. 

Some  bricks  are  very  porous,  and  will  absorb  more  than  one-fifth  of  their  weight  of  water,  if 
immersed  in  it  soon  after  their  withdrawal  from  the  kiln.  When  bricks  are  exposed  to  the  rain, 
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•which  is  usually  the  case  when  stacked  for  building,  they  tak^  op  a  krce  qMatity  of  water  whisk 
they  never  entirely  part  with.    Ordinary  Landau  stocks  absorb  abmrt  rntfflmmfk  firt  of 
weiirht  of  water  in  the  process  of  building,  mart  if  Dot  all  of  which  they  las*  *g**P  by  t^ 

Brickwork  built  with   Portland  or   Uoouui  cement  require*  a  wvtjctit  of  about 
superficial  foot  to  produce  fracture  by  compression  ;  and  when  WH  irfih  bhat  lia* 
thoroughly  net,   it  requires  about  20  ton*.    When   Portland  wtaeai  i* 
invariably  takes  place  in  the  brick*  ;  but  with  B«fffn  cement,  particateriy  i 
sand,  fracture  sometimes  occurs  in  the  cement  itself,  and  still  man  freqvjeaUy  wWe>  Matter  u  Ui 
cementing  material  —  a  result  naturally  to  be  t»p»ft»d  (ran  a  ooasiderauoa  of  their  Mtetfo*  eWtess 
ofstrenijth.    See  COSSTIUX  i 

BKICK  -NOGGINO.     FIL,  Rempliuap  *  top**  <f  w  dU«u  eV  r«*rs«MJ,  Ota,  m 
uw£  ;  ITAL.|  Jfuratura  di  rifmpimmto. 

Brick-nogging  or  brick-nog  partition,  it  a  description  of  waltfteT  sjosjefetiteT  flf  Wilt  •••:  aad 
timber.  It  is  usually  made  of  the  width  or  thickness  of  a  brick,  aad  is  framed  stsjuku  I*  a  Mn| 
partition,  the  quartern  or  studs  being  2  or  3  ft  apart,  with  brickwork  §U«d  •• 
horizontal  pieces,  culled  «.••.-.  •-.  •-.  are  al*»  laid  in  regular  tiers  hitwaua  every  tw 
bricks.  Although  brick-uoggiug  doe*  not  add  to  UM  strength  of  a  partiUoa,  tl  u 
security  niniinst  tire. 

i'.i;i<  K-TKIMMER.    FB^  E*d*xtmt  dt  br^iutfnt  d*mu*t;  Gs*,  Carl  iifM  te 
ITAI..,  ^trco  (/i  muttvni. 

Brick-trimmer  is  the  term  applied  to  a  brick  arch  abutting  again*!  tb«  wood 
front  of  a  fire-place,  and  used  to  support  the  hearth.    8*0  Fig.  27  1  .  j.   1:1. 

BKIIMiK.     Fit.,  Pont;  Got,  Hncke;  ITAU,  P<mU;  BfAJi,  />Mite. 

Bridges  are  structure*,  usually  of  wood,  atone,  brick,  or  iron,  rinntrf  orar  ri 
watercourses,  or  over  ravine*  or  railroad*,  to  make  eontinootu  roadwa; 

A  drtKf-hritLje  is  a  bridge  so  constructed  that  a  part 
drawn  aside,  to  allow  the  panage  of  Te**eU:  called  alio  a 
part  which  opens  turns  l<ttentlty  on  a  centre  or  end  pivot. 


MI*  m*dway*  brt«r*«  Uak*. 

of  it  may  be  toaaporanly  MM***;  «r 

^.•^J^,  or  t*i.-«l»  tr^,.  wbr»  ike 


•  •         -. 


terms  Uitemlty,  tit.-nl,  and  humility,  or  the  ooality  of  having  dictinrt  aid* 

Lateral,  as  an  adjective,  signifies  proceeding  from,  or  attached  to,  the  *id**) :  a*,  tke  lalrral 

of  a  tree  ;  lateral  shoots ;  or  a*  an  adjective  thu  term  may  aiicnify.  dirpctod  to  UM  atd*  .  a*,  UN> 

lateral  view  of  an  obj.vt.    Sometimes,  in  mathematk*,  an  eqoanonof  Utt  tr*t d«ft«e  bdmifnatoi 

as  a  Uitcrnl  c</n-itn>n.     In  nifcliaiiira.  Intend  pmt*rt  or  tti'm  ia  a 

to  the  length,  as  of  a  beam  or  bridge ;  distinguished  from  fen. 

lateral  strenjtfi    is    that  strength   which  resists  a  tendency  to 

pressure. 

In  the  .soqm  1,  we  treat  of  the  construction  and  meehaaical  reqairvoMav  ef 
Lnti  «,  />><--.  ru',ul.ir,  /7y««j/f  Aupciukm,  S*«w,  and  Tmtlt  brid.pt;  after  we  have 
nature  and  notions  of  pressures,  thrust*,  and  tension*. 

A',/mVi',,-,-.im  of  Pretgure*.  TknuU,  tatd  Tnuitmt ;— SbnMK— Anything  whkh  eamtot  be 


to  the  senses  must  be  represented  conventionally,  or  no  idea  of  it  can  b*  *ntertera*d  by  th*  sated, 
\\ .-  huve  n«>  ..i.j.-.-ti..ii  to  represent  the  magnitudes  aad  direction,  of  tpgesa,  •aloettjei.  fnmmi m. 
thrii-t-.  and  ti-n.iiiin.-4  by  tttrai^ht  liin-s  "f  different  lengths,  and  in  diflemjt  pnsittoa*.  • 

to  the  careles*  miuiiu-r  in  \\ln.-h  urit-  ra  on  mechanics  r*|ifes*jsjt  fcsess,  pressures,  teiisJMs^ 
Ac  by  straight  lim  -.  triangle*,  and  parallelograms,  out  of  all  proportion,  aad  «Ara.  tee,  •  Ha  net 
the  least  regard  to  the  action,  direction,  or  nature  of  the  force  nnsjsJihnii.  la  the  arttrfc  <« 
BOILERS,  p.  425,  we  gave  a  conventional  signification  to  the  areas  of  plan*  ifufws,  bal  la  UM 
present  arti.-l,  th-  -ide*  and  angle*  of  triangle*,  parallrlorram*.  aad  otWr  ptea*  tg*m  asa 
emt)love«l  to  give  an  idea  of  mechanical  opstauons  aad  onsaUnaUnsjs,  whet*  lh*j/r*M^B*>e/  aw* 

t  apply,  a*  reai  and  not  motion  i*  here  pri^DaJUy  eoo-idered. 
Wh,  n  c.;,uparing  graphically  the  action  of  i^Uieal  fores*,  it  would  be 
arrow  ( —— )  to  designate  the  direction,  of  tension*,  the  arrow  w< 
to  point  out  the  direction*  of  thru*U,  while  the  complete  arrow  (s*V- *)  i 
in  general     If  three  forces  P,  Q,  R,  Fig.  1347.  bt  M 
wsroctively.  then  if  A  BO  be  a  triangle  wbo*s4de 
AC  =  6,  AB  =  4,  BC  =  8,  egnal  part*  Ukro  from 
any  scale  of  equal  parta;  let  PO  bea  tension  equal 
mllfl  to  A  <  .  g  O  a  lensioii  eunal  and  paralkl 
t,,  A  1 1.  H  ( )  a  tension  equal  and  parallel  to  B  C;  theaa 

t:,      ,.-:••    -t    :       t          l 


..•.-. 


ihe°ride*  of  the  triple  A  K^  «t  5^,53.5 
O  at  rest    Take  A  T  r,,u.l  .nd  pa«»  • »  ^  BC 
thrust*  represented  to.Pyatede*1 

^tSBSlSSufi 

^keep^i!:*"1!!.:!^ 

PA, 

PA.  QA, 

of  two 

point  A  :  then 

pressure,  thrust,  or  < 


to  Ik* 
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of  P  A  and  Q  A.    Such  imaginary  parallelograms  form  a  great  portion  of  the  stock-in-trade  of 
writers  on  mechanics.     We  have  introduced  Figs.  1347  to  1351  to  illustrate  the  manner  in  which 
the  different  forms  of  arrows  may  be  applied  with  advantage.      The  properties 
pointed  out  in  Fig.  1347  depend  upon  the  truth  asserted  of  the  parallelogram 
PAQR,  Fig.  1348,  which  we  will  prove  presently. 

The  principle  of  sufficient  reason ;  first  employed  by  Archimedes  in  demonstrating 
the  fundamental  propositions  of  mechanics. — Let  P  and  Q,  Fig.  1349,  be  two  equal 
forces  acting  in  the  same  plane  on  the  rigid  perpendicular  prop  A  K,  the  point 
R  fixed ;  further,  let  these  forces  P,  Q,  make  equal  angles,  SAD,  SAB,  with 
the  prop  A  R,  which  may  turn  to  the  right  or  left  round  the  fixed  point  R. 
But  as  the  forces  P  and  Q  and  the  angles  B  A  S  and  D  A  S  are  also  equal,  there 
is  no  reason  why  the  post  A  R  will  turn  to  the  right  or  left ;  hence  it  will  stand, 
and  the  two  tensions  will  be  neutralized  by  the  perpendicular  thrust  of  the  post  A  R.  This  we  call  a 
mechanical  demonstration,  and  the  principle  applied  the  principle  of  sufficient  reason.  For  there  is  no 
reason  why  the  post  under  consideration  should  fall  to  one  side  more  than  another,  hence  we  conclude 
it  will  fall  to  neither  side.  Let  A  B  C  D  be  a  parallelogram  whose  sides  are  all  equal ;  if  the  length 
of  the  line  A  B  be  taken  to  represent  the  magnitude  of  the  force  Q,  then  A  D  will  truly  represent 
the  force  P ;  and  two  other  equal  forces,  V  and  U,  applied  to  the  point  C,  represented  in  magnitude 
and  direction  by  the  lines  CD,  C  B,  will  counteract  the  forces  P  and  Q  the  same  as  the  post  A  R, 
the  diagonal  A  C  being  rigid.  The  principle  of  sufficient  reason  applies  here  as  in  the  former 
case.  It  is  evident  that  any  number  of  equal  forces  may  be  applied  in  the  directions  of  the 
arrows,  P  =  Q  =  V  =  U,  without  disturbing  the  form  of  the  equal-sided  parallelogram  A  B  C  D, 
or  the  position  of  the  rigid  diagonal  A.  The  abstract  truth  of  the  parallelogram  of  forces, 
thrusts,  tensions,  pressures,  or  velocities  may  be  established  by  reasoning  as  follows :  Let  A  B  C  O 
be  a  parallelogram ;  when  its  sides  can  be  expressed  by  numbers,  it  may  be  divided  into  small 
parallelograms,  the  sides  of  which  are  all  equal  to  one  another.  We  have  selected  a  very  simple 
case,  and  taken  O  C  =  4  equal  parts  and  A  O  =  3  of  the  same  parts.  Let  the  force  P  be  to  the 
force  Q  as  m  to  n ;  in  the  present  example,  P  I  Q  '. '.  4  '.  3. 
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The  forces  P  and  Q  applied  to  the  material  point  O  in  the  direction  O  C,  O  A,  may  evidently 
be  represented  by  the  lines  O  C,  O  A ;  if  a  new  set  of  forces,  represented  by  the  small  parallelo- 
grams, be  introduced  as  represented  by  the  arrows  in  the  figure,  the  combined  action  of  the  forces 
P  and  Q  will  not  be  interfered  with,  nor  will  the  equilibrium  of  the  figure  be  disturbed.  Take, 
for  example,  the  small  equal-sided  parallelogram  D  E  T  L,  and  for  a  moment  suppose  the  diagonal 
D  T  rigid ;  then  the  principle  of  sufficient  reason  applies  to  the  forces  introduced,  and  no  disturbance 
takes  place.  Let  us  now  view  these  forces  under  another  aspect.  The  forces  along  the  sides  of 
the  small  parallelograms  on  the  line  C  O  are  equal  to  the  force  P,  but  in  a  contrary  direction,  and 
hence  destroys  it.  The  forces  represented  on  the  line  9,  10,  also  destroy  one  another.  This  may 
be  said  of  the  forces  on  the  line  7,  8 ;  but  the  forces  on  the  line  A  B  are  not  neutralized,  and  are 
exactly  equal  to  the  force  P,  but  applied  to  the  point  B  in  the  diagonal  O  B.  Again,  the  forces 
along  the  sides  of  the  small  parallelograms  on  the  line  A  O  are  equal  to  the  force  Q,  but  in  a  con- 
trary direction,  and  hence  may  be  said  to  destroy  it.  The  forces  pointed  out  by  the  arrows  on  the 
line  1,  2,  also  neutralize  one  another,  the  same  may  be  said  of  the  forces  supposed  to  be  intro- 
duced on  the  line  3,  4,  and  so  on,  until  we  arrive  at  the  forces  pointed  out  on  the  last  line  B  C, 
which,  together,  are  exactly  equal  to  the  force  Q,  but  applied  to  the  point  B  in  the  diagonal  O  B. 
According  as  the  equal  parts  be  long  or  short,  the  point  B  will  change  its  position ;  but  it  will 
always  be  in  the  diagonal  O  Z,  and  the  forces  a  +  b  +  c  +  d  =  Y  and  g  +  f  +  e  -  Q  will  in  all 
cases  have  their  resultant  position  in  the  diagonal  O  Z.  Had  we  supposed  the  force  P  to  be 
divided  into  1000  equal  forces,  O  C  would  be  represented  by  1000  equal  parts,  and  O  A  =  Q  would 
then  be  composed  of  750  such  parts,  and  our  reasoning  on  the  750000  equilateral  small  parallelo- 
grams of  forces  would  result  in  the  same  conclusion.  The  equilibrium  of  forces  and  pressures  may 
be  illustrated  in  a  practical  way  by  a  simple  mechanical  contrivance,  represented  in  Fig.  1351, 
easily  constructed.  Suppose  P  Q  R  to  be  a  slate  or  board  rolling  freely  upon  three  equal  spherical 
balls  placed  on  a  horizontal  table  ABC.  If  any  three  points,  P,  Q,  R,  be  taken  in  the  surface 
of  the  plane  movable  on  the  balls,  and  cords,  A  P,  B  Q,  C  R,  be  attached,  passing  over  the  pulleys, 
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with  a  different  amount  of  weight  attached  to  the  other 
are  not  represented  in  the  cut— the  board  P  Q  K  will  roll  upon  the 
rest  upon  the  table  ABC,  where  the  three  forces  destroy 
other.     When  this  exiH-rimont  is  can-fully  mad*-,  it  will  U-' 
that  the  directions  of  the  forces  A  P.  U  y~  C  It.  m«-«-t  in  the  _ 
point  O.      Again,  from  any  scale  of  equal  parta  take  Or  -   the 
pounds  in  the  force  drawing  the  cord  Q  B,  and  from  the  ••m*  stale 
of  equal  parts  lay  off  O  a  =  the  pounds  drawing  the  cord  It  I' ; 
then,  if  the  parallelogram  Orsn  be  constructed,  the  diagonn 
will  be  in  the  direction  of  the  third  for  ver  the  policy  A. 

It  will  be  further  found  that  the  units  of  length  in  O .«,  the  dia- 
gonal, will  =  the  weight  or  force  acting  by  the  cord  A  I' 

If  Oa  =  22  equal  parts,  Or  =  28,  and  O*  =  26,  all  measared 
on  the  same  scale  of  equal  parts,  then,  if  7  Ibs.  be  attached  to  the 
cord  Q  B,  and  5  J  Ibs.  to  the  cord  R  C,  a  weight  of  GJ  Ib*.  mu>t  be 
attached  to  the  cord  A  B  to  maintain  this  equilibrium.  When 
forces  are  thus  represented  by  a  parallelogram,  a*  O  r  t  .1.  the  force* 
represented  by  the  sides  are  called  the  component  force*,  while 
the  force  represented  by  the  diagonal  is  denominated  the  resultant.  Another 
instituted  to  determine  the  intensity  of  forces  by  this  •tmpl<-  apfmratna, 
being  applied  to  the  board,  let  there  be  any  number;  and  suppose  II  to  b*  any  patot  tek* 
movable  plane  P  Q  R,  and  from  II  let  fall  perpendicular*  11 ».  11  m,  11  f.  and  aa  aa,  hi  II 
tions,  or  directions  produced,  of  the  forces;  then  the  unit*  of  length,  tana  ftaai  anv  smle 
parts,  multiplied  by  the  pounds  in  the  correspond iui;  («rrf.  will  I.-  what  u  tinatd  Ike 
that  force  tending  to  turn  the  board  or  movable  plane  upon  the  point  11. 
principle  denominated  the  principle  of  the  equality  of  memmit  may  be  verified  by 
but  three  forces  are  applied,  but  any  given  number  may  be  iiilr«iix>tl ;  in  the 
H/  X  B  Ibs.  +  H  m  x  C  Ib*.  =  H  x  *  A  Iba. 

The  student  must  not  confound  the  principle  of  tke  tquaitty  of  ma*rmt$,  jast  dc4 
intensity  of  forces  usually  considered  by  examining  tbe  motions  they  prodaat,  or  the 
over  when  the  motions  are  uniformly  accelerated.  It  has  ' 


""3 


(Force)  =       ?;  [I) 

t  being  an  extremely  small  portion  of  time,  denominated  an  element,  daring  wbiek  the 
is  generated.    The  above  formula  shows  that  if,  by  observing  the  few*  ef  MOtta,  ve 


each  instant  the  value  of  the  ratio  -  ,  we  shall  then  have  that  of  the 

nated  (Force)  in  the  above  formula.    Suppose  we  know,  from 
uniformly  accelerated,  we  have,  for  the  space  8,  8  =  J  V,  x  T».  in 


that  the 


Suppose  a  locomotive  weighing  10  tons  (22400  Ibs.)  rant,  with  a  .. 
distance  of  154-4  ft.  in  four  WT..II.U.  required  the  force  in  Iba.  capable  of  uaparUaf  tkte 
rated  motion,  the  friction  of  tin  rail  not  being  considered  ? 

From  [2]  (Force)  =  -  -  =  18440  Iba.    (See  pp.  93,  W,  H«,  ByrW*  ' 

9Z| 


M  a  Uuaat  er  a  aafl  ta- 


datform with  a  kadV     47  ewt  upon  it.  0  B  a  ehato 

find.  I.v  CM,,,tn..  -ti.nl,  the  tension  of  the  chain  and  th*  aaww 

il.ii  .,f  tho  prcerore  npwi  H.  the  point  aboai  whkh  Ike  pamt- 
form  turn 
Draw 
join  A 

part  for  .  a-  -  ..  , 
panUd  to  f  I».  and  r  n  parnll.  I  to  i  «  t!*  naiaM*Hna»  A  .  vr 
gives  the  n,,,,ire4tena1oraDd  throat  In  lte_<hxqg  Ar.  * 
«ual  »rf,  an,wering  to  87  ewt,  the  pra«a»  en  Ike  htefejl 


ll  t  Rives  tho  thrust  of  W  against  tbe  watt,  ^-—r- 

,  .•r;^S3ft^toSW^--a--  — ••• 

vertical  line  1>  K ;  find  tbe  relate  propnrtk*.  af| 

!~«SS 

Load  on  A  :  ,»,^rting  fonv  ??_£flfff**^  ^Tfll  ft '.  P* 


1XW(1  on  j\   .  ru|-|--' 

along  6 ;  so  stand  in  order  and  propoti 
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Out  of  the  six  proportions  thus  succinctly  stated,  to  illustrate,  wo  shall  single  out  one : 
Load  on  A  :  supporting  force  at  B  : :  Q  S  :  S  R. 
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Let  a  pole,  A  B,  Fig.  1354,  be  supported  by  a  cord,  C  B,  and  carry  a  weight,  W ;  required  the 
tension  of  the  cord,  and  the  pressure  on  the  pole  ? 

From  B  to  n  lay  off  equul  parts,  equal  to  the  units  of  weight  in  \V ;  draw  m  n  parallel  to  0  B, 
intersecting  B  A  in  in;  draw  mp  parallel  to  B  n ;  therefore  the  units  in  B/>  will  give  the  tension 
of  the  cord  C  B,  and  the  units,  measured  on  the  same  scale  of  equal  parts,  in  the  diagonal  13  /«, 
will  give  the  thrust  on  the  pole  A  B. 

Struts  may  be  distinguished  from  ties  thus  : — In  Fig.  1355,  P  Q,  Q  K,  represent  two  bars  of  a 
frame  meeting  at  the  joint  Q ;  produce  the  lines  of  resistance  beyond  Q  to  S  and  T.  Then  a  force 
in  the  direction  of  the  arrow  A,  between  the  angle  P  Q  K,  both  bars  are  struts ;  if  the  force  be  in 
the  direction  of  the  arrow  B,  in  the  angle  T  Q  P,  then  P  Q  is  a  strut,  and  Q  E  a  tie.  Again,  when 
the  force  is  applied  in  the  direction  of  the  arrow  C,  both  bars  are  ties ;  and,  lastly,  when  the  force 
is  in  the  direction  of  the  arrow  D,  in  the  angle  S  Q  K,  then  P  Q  is  a  tie,  and  Q  R  is  a  strut. 

A  beam,  A  B,  Fig.  1356,  resting  on  a  wall,  C,  and  supported  by  a  cord,  Q  A  ;  it  is  required  to 
determine  the  direction  and  tension  of  the  cord  B  P,  so  that  the  beam  may  not  change  its  position 
when  the  wall  C  is  removed,  the  point  B  being  also  given  ? 

Let  G  be  the  centre  of  gravity  of  the  beam,  through  which  draw  the  vertical  line  G  s  in  the 
direction  of  the  plumb  line,  to  meet  Q  A  produced  in  s,  join  s  B,  and  produce  it ;  B  P  in  the  direc- 
tion of  s  B  shows  the  direction  a  cord  fastened  at  B  must  take  so  that  the  beaux  will  not  change  its 
position  when  the  wall  C  is  removed. 


1355. 
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To  find  whether  a  pier,  or  other  support,  S  T,  Fig.  1357,  will  overturn  by  the  action  of  a  force 
P,  or  the  resultant  of  several  forces  operating  in  a  given  direction,  PGA.  Produce  the  direction 
of  the  force  P,  and  let  fall  the  perpendicular  O  A ,  then,  in  order  that  the 
structure  may  not  turn  on  the  point  O,  we  must  have,  G  being  the  centre 
of-  gravity,  weight  of  the  structure  S  T  x  O  B  greater  than  P  x  O  A. 
When  (weight  ST)xOB  =  PxOA,  the  pier  will  be  on  the  point  of  turn- 
ing on  the  edge,  O. 

By  Construction. — Let  B  C  be  the  vertical  line  passing  through  the  centre 
of  gravity  of  the  pier  or  pillar,  intersecting  the  direction  of  the  force  P  in 
the  point  C ;  from  a  scale  of  equal  parts  take  C  F  =  the  units  in  the  pressure 
P,  and  from  the  same  scale  take  C  E  =  the  units  in  the  weight  of  the  struc- 
ture, S  T ;  complete  the  parallelogram  of  forces,  C  D  E  F,  then  C  D  will  give 
the  amount  and  direction  of  the  single  force  tending  to  overturn  the  struc- 
ture or  support,  S  T.  When  C  D  produced  intersect  the  base  within  the 
edge  O,  the  structure  will  stand ;  but  should  the  point  of  intersection,  B, 
fall  without  the  base,  the  structure  must  fall. 

A  T,  Fig.  1358,  is  a  pier,  or  buttress,  weighing  860000  Ibs.,  P  a  pressure 
of  320000  Ibs. ;  A  B  =  O  T  =  6  6  ft. ;  O  A  =  B  T  =  15  ft. ;  the  cross-section 
ABTO  is  a  rectangular  parallelogram,  of  which  G  is  the  centre  of  gravity.     The  direction  of 
the  force  P  tending  to  overturn  the  structure  cuts  A  B  4  ft.  from  A,  and  A  O  at  C,  7  ft.  from  A. 
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or,  8-0622577  :  4  ::  8  :  3-969  =  OQ. 
Since  A  T  is  a  rectangular 
centre  of  gravity,  G,  divide 
we  can  compare  moment  of  the  wall  =  860000  x  OB  « 


If  P  =  715022  Ibs.,  the  point  R  will  coincide  with  the  point  O  on  the  MMP  t*W  *  A 

structure. 

Geometrical  Proposition.— It  the  sides,  or  the  sides 

are  similar,    a  Q,  6  P,  6  R,  represent  the 

three  perpendiculars,  angle  C  +  C  8  P  =  !»•• 

a  right  angle,  angle  c  +  cS  Q  =  a  right 

angle ;   but  angle  C  S  P  =  angle  c  8  Q, 

.'.  angle  c  =  angle  C. 

In  the  same  way  the  angle  o  may  be 
shown  to  be  equal  to  the  angle  B  ;  and 
consequently  the  angle  a  =  A. 

Funicular  Polygon. — Funicular  poly- 
gon is  the  term  employed  to  designate  a 
polygon  formed  of  rods,  chains,  or  cords, 
•whose  angular  points  are  solicited  by 
any  forces  whatever.  The  equilibrium 

of  such  a  system  of  thrusts,  tensions,  &c.,  are  subject  to  rales  easily 
suppose  that  the  polygon  has  not  all  its  sides  in  the  same  plane,  and  is  i 

ABO  DBF.  Fig.  1960.  Let  P,  Q,  R,  8,  T, be  the  forces  aotinguca  eaeh  e/th*  i 

A,  B,  C,  D,  E ;  the  respective  tensions  of  the  rides  A  B,  B  C,  C  I).  D  E,  B  P,  iMNiMtod  by  T.  T,. 
Ts ,  T, ,  .  .  .  .  respectively.  If  the  entire  polygon  is  in  equilibrium,  it  must  be  so  lor  all  la* 
summits  separately,  and  since  T,  must  be  equal  and  opposite  to  the  resnltoni  of  T  and  P.  II 
follows  that  any  two  sides  uniting  at  the  same  summit,  and  the  direction  of  the  fares  acting  MM 
this  summit,  must  be  in  the  same  plane ;  and  the  tension  T,  must  be  equal  and  opposite  to  U* 
resultant  of  the  force  Q  and  tension  T. ,  and  consequently  in  substituting  at  the 


tension  T,  its  two  components  P  and  T,  the  forces  P  and  Q,  and  the  toneione  T  awl  Tt . 
to  be  transferred  to  the  point  C,  parallel  to  themselves,  moil  be  in  equilibria**.    We  m» 
the  forces  P,  Q,  R,  and  the  tensions  T  and  T,,  supposed  to  be  transmitted  to  UM 
parallel  directions,  must  then  produce  an  equilibrium.    By  continuing  this  f 
the  conclusion,  for  the  equilibrium  of  the  funicular  polrgon.  that  wbce  all  Uw 


th  UM  mmmUon  «aMy  IhM  IM  tUm  U 

:  I-     ...     1.     - 


the  tensions  of  the  extreme  sides  arc  regarded  as  transferred  parallel  to  them**!***  to  Mjr  SMMtt, 
they  must  necessarily  produce  an  equilibrium  there.    These  usasiks  are  todeMMsMt  *f  fb* 
direction  of  the  forces  and  the  nature  of  the  rides,  and  are 
.]""•(•  .1  to  efforts  of  compression  instead  of  tension,  with 
sufficiently  rigid  to  resist  the  compressions,  without  a  eh 

the  funicular  polygon  are  weight*,  in  which  case  the  forces  P,  (1  B,  B,  .  .  .  .  are  all  verttaal  as4 
parallel,  and  the  polygon  necessarily  in  one  plane ;  for,  the  dlreettoB  of  ear*  ASM*.  M4  th*»* 
of  the  two  sides  meeting  at  the  summit,  are  in  the  same  vertical  plane .  and,  as  thf  Bgb  Me  «ts> 
we  can  draw  but  one  vertical  plane,  it  follows  that  the  two  vertical  psaas*,  eaeitossMf  the  earn* 
>-l'l'-  of  the  polygon,  are  coincident,  and  so  for  the  other  aide*.  Again,  eteee  all  Ih*  Mtanml  m*ess 
P,Q,R,.  .  .  .  Kml  the  ten«i«i.T,T4t  o/th*flrM  sad  last  std«  are  taee^liWtMKTaadT.mMt 
also  be  in  equilibrium  with  the  single  resultant  of  all  th*  parallei  fcrees. 

Determination  of  the  Tenttont  by  a  OivpHoel  (\mdrmr4tm  —If,  tn  arrardanee  with  the  ppassslm* 
views,  we  describe  upon  the  ride  A  B,  produowl  fr-o.  any  ooaTsnle*  emit  of '  esjMl  part*,  a  iMjHb 
equal  to  the  tension  T,  and  construct  the  parallcloitnun  B ••<  ft*.  I2e^.  tb»  *d*JU  awa*«»*4 
on  the  same  scale  of  equal  parts,  will  it  present  their  toasto*,T,  of  the  std*  B  t,  eejd  th*  eld*  B  4. 
the  external  force  P.  Then,  if  we  draw  through  the  potet  0.  for  eamfhve  ••»< BO*  gffmM 
eolar  to  tb«  directions  of  the  Ibfeei  .  .  .  MM  wbleb  ley  «*  I'  i^r.aVP. 

F'  (i',  proportional  to  the  force,   i  4  turn  th*  earn*  MM  e***  th*  te*  I 

•..li.-iil..r  to  A  B  with  a  length  proportioned  to  the  toast*  T.  or  to  II  MW  trtomjfe  BOC 

it  O.  B  C'.  respectively  psrpendimhiT and  |iiif  irtl  ml  to  th*  •*•»»  B »«ad  I 
of  th.-  tri.ui.-l.-  I!  '•  d.  mtut  bn  similar  to  it  by  the  ~ 


^./i     »HV     »i  irmii*.  !•       *'          •• ••    •      •- 

thir.1  side,  O  C',  of  the  flnt  wttl  bo  pfopartional  to  the  third  **±l4«»  *,  «r  totb*  to»^ 

an.1  will  I-  perpendicular  to  the  e&BC  of  th*  MtfMB  ^_«f**"f«rto*f*«  ••*••£  *!• 

same  cond.tion.  in  relation  to  the  side  C  D,  to  the  sUe  Q.  aad  the  JfMiss.  Tt.  wbssb  wfll  b» 

nronortionnl  tn  the  side  O  D1.  and  SO  OB.     TbM,  •  the  MMM  easMOlg  th*  4lffM*M  SflSMMB  m 


proportional 

the  contour  A,  B,  C,  ....  are  in  •mOlhffaM.  M 

respectiv.lv  ,  r..,-,rtional  to  these  weights.  Mil  then 

summit  draw  straight  line*  perpeadkeJar  t 

right  lines  will  intersect  at  the  same  pant. 

of  the  rides  of  the  polygon,  which  will  tba 
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B G1,  ihe  triangle  V  O  Z  answers  the  same  purpose  as  the  triangle  B  O  G1.  The  triangle  BOG1, 
Fig.  1362,  expresses  the  same  relations  as  the  triangle  B  O  G1,  Fig.  1361,  B  G1  being  taken  equal 
to  the  sum  and  in  the  direction  of  the  forces  P,  Q,  11,  .  .  .  .  B  O  is  drawn  parallel  to  the  direction 
of  T,  and  B  X  parallel  to  the  direction  of  T, ;  G1  X  gives  the  tension  of  T,  and  G1  O  the  tension 
of  T,,  both  measured  on  the  same  scale  of  equal  parts  as  B  G1.  O  B  is  parallel  to  T  or  A  B  • 
O  C1  is  drawn  parallel  to  B  C  ;  O  D1  to  C  D  ;  O  E1  to  D  E  ;  O  F1  to  E  F. 

We  have  been  very  particular  to  pass  nothing  over  that  might  make  the  proper  relations  and 
actions  offerees,  thus  circumstanced,  clear  to  the  mind  of  the  student,  since  the  proper  arran^c- 
nifiit  of  thrusts  and  tensions,  the  action  of  braces,  struts,  and  ties,  in  bridge-building,  roofing,  and 
in  all  sorts  of  lattice-work,  designed  to  combine  strength  with  lightness,  depend  upon  the  extension 
of  the  simple  principles  here  presented. 


1361. 


1363. 


If  the  same  Fig.  1362  be  inverted,  then  such  frame,  Fig.  1363,  consists  chiefly  of  struts,  and  is, 
therefore,  unstable  unless  their  ends  are  made  fast  by  suitable  stays.  In  a  polygonal  frame 
loaded  and  suspended  vertically,  represented  by  the  skeleton  diagram,  Fig.  1362,  the  bars  which 
are  struts  in  Fig.  1363  become  ties,  and  the  frame  is  stable  and  yet  flexible. 

The  diagram  of  forces  for  Fig.  1363  may  be  constructed  as  follows : — Suppose  the  polygonal 
frame  loaded  vertically  and  supported  vertically,  let  A,  B,  C,  D,  .  .  .  .  be  the  bars ;  a,  6,  c,  d,  .  .  .  . 
the  joints  of  which  6,  c,  c/,  e,  f,  are  loaded,  a  and  g  are  supported.  Take  any  convenient  point,  as 
O,  draw  O  A1  parallel  to  A;  OB1  parallel  to  B;  O  C1  parallel  to  C;  O  D1  parallel  to  D;  O  E1 
parallel-to  E;  O  F1  parallel  to  F ;  and  O  G1  parallel  to  G.  Then  draw  the  vertical  line  A1  F1 
crossing  the  lines  O  A1,  O  B1,  O  C1  .  .  .  .  Then  if  the  whole  load  on  the  frame  be  represented  by 
A1  F1,  the  parts  into  which  A1  F1  is  cut  by  the  lines  O  A1,  O  B1,  O  C1,  .  .  .  .  will  represent 
the  fractional  parts  of  the  load  that  must  rest  on  each  of  the  joints  to  secure  equilibrium. 

A,  B,  represents  the  part  of  the  load  to  be  applied  at  the  joint  b ;  B,  C,  the  part  to  be  applied 
at  c ;  C,  D,  the  part  to  be  applied  at  d ;  and  so  on.  The  lengths  of  the  lines  O  A,,  O  B,,  O  C,, 
....  represent  the  resistances  along  the  lines  A,  B,  C,  ....  to  which  they  are  respectively 
parallel.  The  two  parts  F,  G,,  G,  A,,  into  which  F,  A,  is  divided  by  the  line  O  G,  parallel  to  G 
represent  the  supporting  forces  at  a  and  g,  that  is,  Fj  G,  represents  the  supporting  force  at  17,  and 
G,  A,  the  supporting  force  at  a.  The  horizontal  stress  of  the  frame  is  represented  by  the  length 
of  the  perpendicular  O  G2  let  fall  from  O  on  F,  A,.  If  the  angles  of  the  polygonal  figure  A  B  C  D 
....  be  given,  the  angles  of  the  diagram  of  forces  O  Aj  Fj  are  also  given ;  hence,  when  the 
length  of  any  one  of  the  lines  in  C  A,  F,  is  also  given,  the  lengths  of  the  other  lines  are  readily 
found  by  plane  trigonometry,  to  any  required  degree  of  accuracy. 

If  the  skeleton  diagram  ABCD  .  .  .  .  ,  Fig.  1363,  represent  an  open  frame,  the  bar  G  is 
omitted  ;  in  this  case  the  stress  along  the  outer  bars,  represented  in  the  diagram  of  forces  by  the 
lines  O  A,,  O  F,,  must  be  met  by  oblique  forces  as  abutments ;  for  vertical  supports  would  not  be 
sufficient.     This  frame,  being,  as 
before  observed,  composed  of  struts, 
is  unstable,  and  must  be  connected 
with  suitable  stays. 

Let  A  B  and  B  0,  Fig.  1364,  be 
a  roof  resting  on  the  side  walls  A 
and  C;  a  uniform  section  of  this 
roof  weighs  6000  Ibs.,  the  angle 
B  A  C  =  34°,  B  C  A  =  44°;  it  is 
required  to  find  the  thrust  on  the 
points  A,  C,  the  roof  being  without 
a  tie-beam ;  what  would  be  the  ten- 
sion of  a  tie-beam,  A  C,  or  of  a  rod 
connecting  the  feet  of  the  rafters ; 
and  also  find  the  direction  and 
amount  of  the  pressure  of  the  roof  to  overturn  the  side  walls  ? 

To  construct  the  diagram  of  forces,  draw  O  a,  Fig.  1365,  parallel  to  A  B ;  O  c  parallel  to  C  B ; 
and  O  6  parallel  to  A  C,  Fig.  1364. 

Draw  the  vertical  line  a  6  c  =  6000  equal  parts  to  represent  6000  Ibs. 

Let  W  =  6000  Ibs.  applied,  suppose,  at  the  centre  of  gravity,  G,  of  the  section. 

.-.  angleaOfc  =  34°;   6Oc  =  44°.      Oa&  =  90  -  34  =  5Q°;  Oc6  =  90  — 44  =  46°. 
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:  cos.  a  O  6  ;  O  6  =  3657-3. 

Draw  Ap  perpendicular  to 
A  n  =  O  a,  the  thrust  along  the 
diagonal  TO  A,  =  the  amount  and 


wfli 

taking  the  lines  Oo,  aft,  complete  the 

amount  and  direction  of  the  nrearare  a   weu 

lines  O c,  c 6,  construct  the  parallelogram  O •  6 r, araw  He  - 

of  the  roof  applied  to  overturn  the  wall  C,  when  the  tie  A  C  is 


«» 


1366. 


1MT 


Given  the  skeleton  diapram  A  B  C  D  E,  Fig.  1987,  of  a  frame  haded  and 
AE^ins  horizontal.    OBl'  Fi&-  1868»  i»  P«*llel  to  A  B:  OC.  parallel  to 
to  CD;  OE,  parallel  to  DE;  and  OF.  U  drawn  parallel  to  AKTB,  B, 
load,  and,  being  vertical,  is  perpendicular  to  OF,.    Now  rappow  the  eagle  F.OC, 
natural  tangent  of  which  U  '21255  =  F.  C,,  when  O  F,  -  1  •  th<>  Mrmnt  of  Ifcfc  Mcfe 

:  scii.  F-°  Vr  87°:  VD- j  ?°:  F' 

in  the  diagram  of  forces  will  stand  thua : — 


OF,  = 


F,  C,  =  -21255 
F,  B,  =  -75355 
F,  1),  =  -46630 
F,  E,  =  1- 11U7 


OC,  =  1  0223 
OB,  =  12321 

OH,        |    1033 

.'  i        i        ; 


The  frame  is  vertically  loaded  with  5000  Ir»;  how  u 
culars  of  it«  action  when  the  foroM  balance  each  other  P 


it  .Iwtnboted,  aad  what  ai»  tW  pMU- 


l"l  J       «   I  H    i  i 

MJU    MM 

F, 

B.  +  F, 

E,  =  1-MM 

1-94525 

5000 

i  "  .  . 

2828  lb».i 

1-94525 

•it  n  . 

1-94525 

0 

l    i"  .; 

2886  11-  i 

r  in.  -.-_•:> 

i  .....; 

8W91U.I 

'. 


F,B,  -FIC,-=C,B,  =    75355-    21255=    541.        I 

the  joint  B. 

F.C.  +  F,  D,  =  C,D,  =  -67885;     1  04525  :  5uoo  ::    «7W» 
F.E.-F.D,  =  -7254;     1  iM 

1  94525:  5000::  F.E, 

the  vertical  weight  falling  on  the  rapport  at  E,  the 
=  1937  Ibs.,  most  fall  on  the  rapport  at  A.    The  I 
gram  of  forces  by  O  F, 

frame.    When  the  load  is  properly  distributed,  the 
strength  ;  without  stays  such  a  fraiae,  bowvtvr  veil 

•teM^e/JHtefefjMRtsfeel 
—The  McC'allum  Inflrxible  Arched 
tlian  any  other  wooden  bridge  thai  he*  bllesj 

""FTgTllSw  is  what  is  known  es  the  Jlwr  BHe>     It  .. 
posts  and  braces.    The  posts  are  framed  ine»  the  d 
Arches  are  placed  on  each  side  of  the  trass,  seesMrj  _ 
lower  chords,  abut  again*  the  •••miry.    This  fern  of 
Europe  and  the  Unitrd  Htetns 
great  length,  and  in  cases  wt» 
this  bridge  was  comparatiTcly 


1744  Iba.  |s»4  esj  *e  Ms* 
1M4  Iba.  kad  OB  tWJeM  fit 


672 


BEIDGE 


of  the  absence  of  counter-braces.  A  moving  load  produced  a  vibratory  and  undulating  motion, 
tending  to  loosen  the  connection  of  the  timbers,  which  generally  resulted  in  failure.  Many  of  the 
first  railroad  bridges,  both  in  Europe  and  America,  were  built  upon  this  plan ;  but  much  greater 
difficulty  was  found  in  adapting 

it  to  the  use  of  railroads  than  had  1369. 

been  previously  experienced  in 
its  use  upon  common  roads.  This 
difficulty  arose  from,  first,  the 
practical  impossibility  of  perfectly 
combining  the  action  of  the  arch 
and  the  truss  (each  system,  of  it- 
self, being  insufficient  to  carry 
the  whole  load) ;  and,  second,  the 
absence  of  counter-braces.  These 
defects,  clearly  apparent  in  their 
use  on  common  roads,  were  greatly 
aggravated  under  the  increased 
imd  concentrated  nature  of  the 
weight,  and  the  rapid  transit  of  trains  on  railroads.  It  is  true  they  were  obviated  in  part  by  add- 
ing" largely  to  the  amount  of  material  in  the  structures;  but  as  the  difficulty  was  inherent  in  the 
plan,  violent  contortions  in  shape  could  not  be  prevented,  and  these  in  time  caused  failures.  Tlic.-,c 
remarks  are  intended  to  apply  to  spans  of  considerable  length,  ns  experience  has  proved  that  plans 
of  even  an  inferior  grade  may  be  measurably  successful  in  spans  of  ordinary  length;  whereas 
nothing  short  of  the  most  judicious  distribution  of  material  will  ensure  permanency  in  cases  where 
long  spans  are  indispensable,  and  any  arrangement  which  can  be  made  permanent  in  the  latter 
case  must  certainly  prove  so  in  the  former.  It  is  worthy  of  remark  here,  that  this  particular  com- 
bination of  the  arch  with  the  truss  is  even  now,  with  some,  a  favourite  idea,  but  it  is  believed  that 
its  warmest  advocates  will  be  generally  found  among  those  whose  opportunities  for  practical  inves- 
tigations have  been  limited,  and  that  it  is  only, necessary  that  the  question  be  properly  presented 
to  them,  to  produce  a  change  of  views  in  respect  to  it.  This  partiality  for  the  combination  of  the 
arch  and  the  truss  is  attributable  partly  to  the  fact  that  the  simple  truss  has  in  many  instances 
failed,  and,  as  a  last  resort,  the  arch  has  been  added,  of  such  dimensions  and  strength  as  to  be 
competent  to  carry  the  truss  and  load  ;  the  truss  serving  only  as  a  stiffener  to  the  arch,  while  the 
latter,  thrusting  upon  the  masonry,  has  sustained  the  whole  weight.  Besides,  to  the  casual 
observer  who  has  never  studied  bridge  construction,  this  combination  presents  at  least  an  aj'/n^i- 
ance  of  great  strength  and  solidity,  which  do  not  in  fact  exist.  That  the  simple  truss  without  the 
arch  has  failed  in  some  instances  is  unquestionably  true ;  but  while  many  of  these  failures  hare 
been  caused  from  inattention  to,  or  ignorance  of,  the  laws  regulating  the  composition  and  resolu- 
tion of  forces,  by  far  the  greater  number  have  arisen  from  the  inferior  quality,  or  lack  of  the 
requisite  amount  of  material,  or  from  inferior  workmanship.  The  acknowledged  failure  of  the 
Burr  Truss,  as  applied  to  railroad  purposes,  led  to  the  invention  of  several  other  plans,  all  of 
which  were  based  upon  the  abandonment  of  the  arch,  and  were  aimed  at  perfecting  a  truss,  which 
of  itself  would  be  sufficient  to  meet  the  emergencies  of  the  case.  This  was  in  pursuance  of  what 
was  considered  a  very  reasonable  hypothesis,  namely,  that  one  system  properly  proportioned  must 
prove  much  superior  to  any  method  or  arrangement  in  which  the  attempt  was  made  to  combine 
two  distinct  principles,  in  their  nature  heterogeneous.  Among  the  most  prominent  plans  presented 
to  remedy  existing  defects  was  one  invented  by  Stephen  H.  Long.  This  plan  of  bridge  was  com- 
posed of  lower  and  upper  chords,  posts,  and  braces,  "similar  in  outline  and  general  arrangements 
to  the  Burr  Truss,  but  differing  from  it  in  detail.  An  efficient  system  of  counter-braces  was 
introduced ;  these  were  made  adjustable  by  wooden  wedges,  as  were  also  the  sustaining  braces, 
by  means  of  which  any  desirable  elevation  or  deflection  might  be  given  to  the  truss.  This  plan  of 
truss  was  rigid  to  a  degree  not  previously  attained ;  and  to  such  an  extent  was  this  true,  that, 
when  properly  adjusted,  no  perceptible  deflection  was  produced  by  the  passage  of  the  load.  It 
was,  however,  found  difficult  to  keep  it  in  adjustment,  in  consequence  of  the  great  shrinkage  of 
the  wedges  and  other  timbers  of  the  truss. 

The  bridge  from  which  this  example,  Figs.  1370  to  1373,  of  Long's  framing  is  taken  consists 
of  seven  equal  openings  of  180  ft.,  measuring  from  centre  to  centre  of  the  piers.  The  bottom 
string  course  is  a  beam  built  of  six  planks,  each  a  foot  in  depth,  four  of  the  planks  being  5  in.  in 
breadth ;  and  the  two  outside  planks  each  4  in.  When  put  together  these  planks  form  a  beam 
12  in.  in  depth  and  28  in.  in  breadth.  The  planks  are  bolted  together  by  screw-bolts,  placed 
about  2  ft.  apart  and  alternately  near  the  top  and  bottom  of  the  beam,  as  shown  in  the  vertical 
section,  Fig.  1372.  Short  wedges  of  wood  are  let  into  the  bottom  string  to  the  depth  of  about 
1  in.,  and  into  the  sides  of  these  wedges  are  mortised  the  ends  of  the  diagonal  braces,  Fig.  1371. 
These  diagonal  braces  abut  against  similar  wedges  which  are  let  into  the  top  string  beam.  The 
top  string  consists  of  three  lines  of  8  in.  square  timber,  placed  with  a  small  space  between  each,  se  as 
to  make  the  whole  breadth  of  the  beam  28  in.,  the  same  as  that  of  the  lower  string.  The  pieces 
composing  this  beam  are  bolted  together  at  intervals  of  7  ft.  All  the  braces  are  8  in.  square,  and 
the  number  of  braces  abutting  on  each  block,  both  at  the  top  and  bottom  string  courses,  is  always 
three,  arranged  two  on  one  side  and  one  on  the  other.  Along  the  top  string  beam  are  fixed  short 
cross  pieces,  5  in.  by  7  in.,  one  above  each  of  the  abutting  wedges.  These  cross  pieces  receive  the 
tops  of  the  vertical  ties,  which  pass  entirely  through  the  framing  from  top  to  bottom,  and  ar« 
secured  above  the  top  string  and  below  the  bottom  one  by  screw-bolts  and  nuts.  Similar  cross 
pieces  below  the  lower  string  receive  the  extremities  of  the  vertical  ties.  Two  of  these  vertical 
ties  pass  through  each  of  the  abutting  wedges,  so  that  for  the  two  sides  of  the  bridge  there  are 
four  vertical  ties  in  each  length  of  7  ft.  The  frames  are  connected  at  the  top  by  cross  beams,  and 


. 


the  lateral  Aittuam  of  the  bridge  U  farther 

thaw  tie*  being  carried  iuto  the 

longitudinal  *loepee»  foe  the  rail 

tnamnt  baMMk  •>..   ..  r  -•.   .  •  . 

each  of  the  abutting  wedge*  throogfaoat  U»  whole 

Ktreagtheoed  by  dugoaai  horiionul 


1 

•\ 

I 

"rl 

1 

1 

• 

1 

lira. 


. 

•—  "*•  *" 


674 


B1UDGE. 


The  Improved  Burr  Truss,  introduced  by  Thomas  Steclo.  is  shown  in  elevation,  Fig.  1374 ; 
Fig.  1375  is  part  of  the  plan  of  the  same;  and  Figs.  1370,  1377,  the  detail  to  a  larger  scale  of  tho 
tension-posts,  braces,  and  counter-braces,  upper  and  lower  chords,  and  their  irou  fastenings. 


In  this  method  of  combining  an  arch  with  a  trussed  137e- 

frame  the  arches  are  connected  with  the  tension-posts, 

and  the  posts  with  the  chords  by  screw  fastenings,  as 

seen  in  Figs.  1370,  1377;    and  all  is  so  arranged  as  to 

admit  of  changing  the  position  of  the  arches  relatively 

to  the  chords,  or  of  drawing  together  the  chords  without 

changing  the  position  of  the  arches,  and  thus  regulating 

and  distributing  the  strain  over  the  different  parts  of  the 

bridge  at  pleasure.   This  adjustment  must  take  place  once 

or  twice  in  each  year  until  the  timber  becomes  perfectly 

seasoned ;  after  which,  in  a  well-constructed  bridge,  but 

little  attention  will  be  required.     Plates  of  iron  should 

in  all  cases  be  introduced  between  the  abutting  surfaces 

of  the  top  chords  and  arches,  and  all  possible  care  taken 

to  prevent  two  pieces  of  timber  from  coming  in  contact, 

by  which  decay  is  hastened.     Care  should  also  be  taken 

to  obtain  the  curve  of  the  parabola  for  the  arches,  as  it  is 

a  curve  of  equilibrium  and  of  greatest  strength.  v— ^ 

The  parabola  is  the  eurve  of  equilibrium  when  no  load  is  upon  the  bridge,  and  also  when  the 
load  is  uniform ;  but  there  can  be  no  curve  of  equilibrium  for  the  variable  load  of  a  passing  train. 
Stiffness  can  be  secured  hi  this  case  only  by  an  efficient  system  of  counter-bracing.  The  Improved 
Burr  Truss,  of  Steele,  Fig.  1374,  presents  an  example  of  one  of  the  systems  to  produce  the  required 
stiffness. 

Bridges  constructed  on  this  plan  will  be  found  to  possess  an  unusual  amount  of  strength  for 
the  quantity  of  material  contained  in  them,  and,  if  well  built  and  protected,  great  durability. 

The  following  are  the  points  to  be  attended  to  in  erecting  one  of  these  bridges,  as  given  by  the 
inventor  in  Haupt's  Treatise  on  Bridges: — The  truss  must  first  be  raised,  provided  with  suit- 
able cast-iron  skew-backs  to  receive  the  braces  and  tension-posts ;  and  the  several  parts  of  the 
chords  should  be  connected  with  cast-iron  gibs.  Wedging  under  the  counter-braces  must  be 
avoided  by  extending  the  distance  between  the  top  skew-backs  sufficiently  to  bring  the  tension- 
posts  on  the  radii  of  the  curve  of  camber  of  the  bridge.  The  tension-posts  must  be  about  8  in. 
shorter  than  the  distance  between  the  chords ;  and  in  screwing  up  the  truss  care  must  be  taken 
not  to  bring  their  ends  in  contact  with  the  chords ;  but  they  must  be  equidistant,  and  about  4  in. 
from  them.  When  the  truss  is  thus  finished  it  must  be  thrown  on  its  final  bearings;  and  it  is 
then  ready  to  receive  the  arches  which  should  be  constructed  on  the  curve  of  the  parabola,  with 
the  ordinates  so  calculated  as  to  be  measured  along  the  central  line  of  the  tension-posts.  They 
must  be  firmly  fastened  to  the  posts  and  bottom  chords  by  means  of  strong  screw-bolts  and  con- 
necting-plates, as  shown  at  d  d,  and  should  abut  on  the  masonry  some  distance  below  the  truss, 
which  can  be  effected  with  safety,  as  the  attachment  to  the  posts  and  chords  will  relieve  the 
masonry  of  much  of  their  horizontal  thrust.  When  a  bridge  thus  constructed  is  put  into  use,  it 
will  be  found  that,  as  the  timber  becomes  seasoned,  the  weight  will  be  gradually  thrown  upon  the 
arches,  which  will  ultimately  bear  an  undue  portion  of  the  load.  To  avoid  this,  the  camber  must 
be  restored  and  the  posts  moved  up,  so  as  again  to  divide  the  strain  between  the  truss  and  the 
arches. 


IW1DGE. 


The  Howe  Bridge  is  composed  of  lower  and  upper  chords,  brace*,  ami  rntutUv-braess,  vertical 
rods,  and  cast-iron  bearing-Hocks.     The  braces  abut  oo  the  W^i^Uarsx,  which 


, 

chords  in  such  a  manner  as  to  permit  the  rod*  to  btmr  iltnvtl  y  upon  «*"qn     ttpaa*  of 
length  were  built  upon  this  plan,  but  experience  proved  that  even  this  InM—  -uk»  all 


its  limit,  beyond  which  it  could  not  be  safely 

In  the  progress  of  railroad  enterprise*,    iu  order  to  save  large  expenditam  of 
masonry,  longer  spans  than  had  been  previously  uaed  became  daairable,  and  in 


absolutely  indinenHbto;  besi.le*  thi.<  locomotives  were  Inrgvly  incraued  in  a  eight.  *»•»*«  the 
demands  of  traffic,  and  furnish  a  more  «"*»¥MnKftl  mode  of  working  :  and  thu»  araaa  UM  BMsaatty 
for  the  adoption  of  some  other  ex|x<li<  nt  t<>  meet  the  increased  requinoMttta  of  'fHgtu.  As*n 
had  been  done  by  way  of  improving  thU  truss  that  mechanical  still  coold  devise.  and  which  M 
extensive  practice  luul  amply  affordi-d,  it  became  evident  that  some  rssttosf  ohaag*  MMHt  b*  ssa4e 
in  its  arrangement,  to  enable  it  to  meet  the  exigencies  of  the  caw.  la  this  cejMrgcewv  tW  ««4, 
heretofore  condemned  in  the  liarr  TVun.  wiu  again  retorted  to;  for  it  had  brae  provrd.  boas  UM 
experience  which  its  use  in  tlmt  tru.vs  h»<i  afforded.  that  an  air*  of  MiAVimt  •txr.  »t.utti  ,.$  ayalMt 
permanent  masonry,  wmilil  place  the  truw  in  a  postUoo  of  aMoadary  unportMHW. 

It  will  be  observed  that  the  arch  of  the  Iturr  Bridge,  Fig.  13W,  abuU  npoo  UM  Maanaij  j» 
precisely  the  same  manner  as  the  arch  of  what  U  denominated  the  /mpnui  lh*«  Trmm,  Fig.  !>7V 
and  the  difference  between  the  two 

consists  simply  in  the  mode  of  con-  W* 

nectinn  with  the  truss,  and  not  in 
any  change  of  principle  or  method  of 
action. 

It  will  be  seen  that  the  Burr  Arch 
is  securely  fastened  to  the  poets  and 
braces  of  the  truss,  forming  a  solid 
adjustable  mass.  In  Fig.  1378  the 
arches  are  not  fastened  to  the  braces 
or  rods,  but  have  an  independent  con- 
nection with  the  lower  chord  of  the 
truss,  by  means  of  rods  radiating  from 

the  former  to  the  latter.     By  this  method  il  was  supposed  that  any  dr*irat>lr 
be  effected,  and  that  the  strain  could  be  put  upon  .  itlnr  i-y.-t*  m.  or  equally  IM-II  nwh. 

T)i  is  new  arrangement,  although  plausible  in  theory,  u  found  iiupoMtbJo  in  practice,  for  UM 
following  reasons  :  — 

1st  The  rods  from  the  arch  to  the  lower  chord  are  of  various  Irn/tlia,  enoaeqowUy  UM 
contractions  and  expansions  must  vary  proj»ortionately. 

2nd.  Not  a  single  rod  in  the  arch  is  of  the  mmo  length  as  tbnae  in  UM  troaa,  hone*  UM 

s  will  vary  from  that  in  each,  and  all  UM  rwk 


or  ignorant 


expansion  and  contraction  of  the  rods  in  the  truss 
connecting  the  arch  with  the  lower  chord. 

3rd.  This  combination  is  exceedingly  liable  to  maltreatment  from  the 

4th.  Ami  even  if  it  were  everything  in  practice  that  is  claimed  for  it  in  theory  (which  U  w4 
the  fact),  it  involves  a  constant  eXBOadttON  fur  adjustment,  which  most  continue  during  Ik* 
existence  of  the  bridge  it.-.-lf. 

The  Burr  Truss,  Fig.  1369,  with  all  its  defects,  on*  At  mndt  saprfer  If  /sr  to  the 
Truss,  Fig.  i::7s.     l-W.  in  the  forni.-r.  th.-re  may  sometimes  be  a  yielding  and  eosapf 
the  parts  of  the  truss  and  those  of  the  arch,  producing  a  certain  degree  of  ontted  actioa ;  whOe  m 
the  Howe  Truss  everything  depends  upon  th«»  length  of  the  rods,  whirh  mu»t  slw»r» 
the  temperature,  and  thus  render  nn  uppnnch  even  to  |xifrct  aditutmrat  a  matter  of 
deli.-a.-y.    But.  in  either  Fig.  !:«•  or  Fig.  1378,  U  is  clearly  evident  that,  in  order  *°Ba*«e' 


of  UM 
bore* 

separate  sy.-tnn. 

Fig.  i:";7'J  show*  an  elevation  of  a  bridge  erected  upon  Howe's  plan  over 


.         .  . 

absolutely  safe,  the  nrch  nn<l  tl.-  truss—  each  of  itself,  indopendentlv 
hiillici.  nt  Ktreiiirth  to  sustain  the  whole  load,  that  the  strain  may  ba 
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centre  of  the  pier  to  the  end  of  the  truss.     The  pier  is  3  ft.  2  in.  wide  at  top  and  6  ft.  at  the 
skew-bocks.     The  truss  IB  formed  of  three  rows  of  top  and  bottom  chords,  and  two  sets  of  posts 


1380. 


1381. 


and  braces.  It  is  counter-braced  by  rods  of  1  in.  iron  between  the  braces. 
The  panels  increase  in  width  from  the  end  towards  the  middle  of  the 
span.  The  first  panels  are  9  ft.  1J  in.  from  centre  to  centre  of  posts, 
and  the  middle  ones  12  ft.  1  i  in. 

In  order  to  simplify  and  make  clear  the  real  points  of  difference 
existing  in  the  combinations  of  the  various  plans  of  trusses  of  the  same 
general  outline,  it  may  be  stated  that  the  material  composing  any  bridge 
truss,  whether  of  wood  or  iron,  or  of  both,  is  subjected  either  to  tension  or  thrust,  and  it  is  upon 
the  proper  application  of  these  elements,  together  with  a  judicious  distribution  of  the  material, 
rather  than  upon  any  difference  in  detail  that  the  perfection  of  any  bridge  structure  depends ; 
this  may  be  illustrated  by  reference  to  Figs.  1382  to  1385. 

Fig.  1382  is  the  truss  of  the  Burr  Bridge ;  in  this  the  upper  chord  and  braces  are  acted  upon 
by  thrust,  and  the  lower  chord  and  posts  by  tension. 

Fig.  1383  is  the  Howe  Truss,  without  the  counter-braces ;  in  this  also  the  upper  chord  and 
braces  are  subjected  to  thrust,  and  the  lower  chord  and  vertical  rods  are  acted  upon  by  tension. 

Fig.  1384  is  a  plan  of  truss  sometimes  used,  the  counter-rods  being  omitted ;  in  this  the  upper 
chord  and  vertical  struts  are  subjected  to  thrusts,  and  the  lower  chorda  and  diagonal  rods  are 
acted  upon  by  tension. 


1382. 


1383. 


1384. 


tt        g£    -±$ 

Upon  a  comparison  of  these  plans  it  will  be  discovered  that  the  variations  between  the  Purr 
Truss,  Fig.  1382,  and  the  Howe  Truss,  Fig.  1383,  consist  in  the  use  of  vertical  rods  and  bearing- 
blocks  in  the  latter,  instead  of  vertical  posts  in  the  former,  both  having  precisely  the  same  duty 
to  perform.  It  will  also  be  seen  that  Fig.  1384  varies  from  Fig.  1383,  in  that  the  rods  are  placed 
diagonally  instead  of  vertically,  changing  the  element  of  thrust  from  the  diagonal  braces  in  the 
latter  to  the  vertical  struts  in  the  former,  and  transferring  the  element  of  tension  from  the  vertical 
to  the  diagonal  line. 

Much  importance  is  sometimes  attached  to  just  such  modifications  in  detail  as  exist  in 
Figs.  1382  to  1384,  while  the  nature  and  intensity  of  the  destroying  forces  are  the  same  and  equal  in 
each.  This  has  been  proved  by  actual  experiment,  by  the  celebrated  engineer  and  bridge-builder, 
D.  C.  McCallum,  as  follows  : — Models  were  built,  one  on  each  plan,  of  equal  length  and  height  of 
trusses,  containing  the  same  sectional  area  and  kind  of  material  in  chords  and  braces,  and  of  equal 
perfection  in  details  and  workmanship,  when  it  was  found  that  the  real  difference  in  strength  was 
unappreciable ;  and  it  may  be  well  to  add,  that  any  given  amount  placed  upon  each,  in  progress  of 
the  experiments,  presented  precisely  the  same  characteristics  and  contortions  in  shape,  until  final 
failure  took  place.  All  bridges  having  their  chords  parallel,  irrespective  of  the  particular  method 
adopted  in  combining  them,  and  regardless  of  the  amount  of  material  used  in  their  construction, 


BRIDGE. 

when  loaded  to  nearly  the  point  of  fracture,  present  snovwhat  the  i 

deflection  6«'n-y  ineJnaoly  at  points  near  the  abatmenU.    This  win 

that  the  vertical  strain  is  increased,  as  the  diatenea  frosa  the  1/^*5*? 

the  centre  the  vertical  strain  is  nothinc.  and  i  . 

weight  of  the  structure  and  iU  load. 


All  bridges 

illustrate!  . 

.-r.-l.-t ;  D  D,  brace*. 

i  a  sufficient  weight  U  applied  to  any  trine  of  this  i 
straight  line,  the  upper  ends  of  the  braces,  D  D.  i 
between  the  ends  ur  -1:— :-;  >    • 
will  describe  area, 
I'll     But  when 

ts.nAWE^,  ^-sTrtasrSSASS  „*£  Sft 

illustration  of  the  McCalltun  l*jUxAU  Anktd  Tr»m,  see  PI*.  1888.  to  whieh  A  A  ktk. 
chord ;  B  B,  the  upper  chord .  C  C,  tension-rods;  D  D,  braces;  ' 


Upon  an  inspection  of  this  figure,  it  will  be  seen  that  any  dHWtta 
of  the  nr'-h,  by  moans  of  the  weight  W.  will  cause  the  points  B  B 
outuvmf,  and  in  th-  <lir.-«-ti..n  of  ti,.-  ends  of  the  truss,  pmdndnir  an 
ui.i  -r  chord,  at  the  ends  of  the  braces  D  I),  the  bitter  describing  am  of  a  dreJe  •*•>»<  and  f*«* 
mmunioatcd,  by  means  of  the  tension-rods  CC.  to  the  centre  ef  the  le*j*r  •hetd. 


r:«i.-in-  the  latter  at  the  |«.int  where  the  rode,  CC,  meet. 
in*  rtinu'  n  vertical  strut  at  P,  the  upward  tnnvcmmt  of  the  chords 
t  \V.     Thi»  perulinr  notion  may  be  d«schbrd  as  follows: — 
l"fleoticin  pn«lu.-  .  ntro  of  the  arch  will  cauar 


ess  1%.  «».  to  whkfc  A  A  a*.  nfaMs  .4 
bythe««4rblV 
DDi 


'  !"•!•••-  at  the  II|I|MT  ends  of  the  brac«M,  whirh.  l>y  tamos  of  the 

trail- :  tly  back  to  the  under-side  of  the  arch,  prodoeing  an  es«ia*W  tot*  al  Ib* 

point,  etinal  to  the  original  <fa«M»arrf  force  Applied  on  lop  of  the  mm*.    TUa 
forces  is  m  agreement  with  a  well-known  law.  namely,  when twofbrwof  esjfjsjs*vsj**f 
are  opposed  to  each  other,  a  state  of  rest  is  prodnr 
fnrth.-r  ill.i-tmtion  of  the  actian  of  this 
;  .ver  chord,  the  centre  being  renjored;  II  B. 

an-  hnuv*  which  pass  through  th*  lower  chord  and  net  opt*  the 
It  will  be  seen  that  the  ends  of  the  pieoes  of  th*  lower  chord  at  B  E  are  raised  e*nstte»ahrj 

This  upward  t*-ndency  will 
until  th<-  upper  chord   l»etwc««n  B  It  i« 
:ht  line,  when  the  action  will  bo 

the  fonw*  at  a  state  of  wet.  In 

whi.-h  A  A  are  portions  of  the  lower  chord:  It  Hipper 
.rch  braces,  which  pass  thionfh  th*  low*r 
ch.-r.l.  and  rest  in  the  i  U  D.  trtu»««-md«; 

i ;  W,  weight     It  -•llbeawn  that  the  strain 


3 •"£••• 


1  .races  ;  W,  weight     It  wi      e  ssett  tat  te  strain 

ppnluced  by  the  weight  W  is  transferred  ID  the  lover 

-l.-rd  by  means  of  thmet  upon  the  brace*  B  K,  to  the 

ointsFF,  and,  by  moans  of  teneioa  o»  the  rode  D  I  • 


.-l.-rd  by 

pointsFF,  and,  by  _ 

•  -iMU  H  it.  and  from  thence  it  hi  bro«e;ht  «{>« 
thearch-braoeiCC,  which  rest  «poa  the  osaeauy.    In  thie  •••••-  «  p«Hb»t  I  l*flfl  !>•  ef  Isnee 

^«sJMO»s».***iDBaMltereM 

o*t*anl  towanN  the  mils  of  the  truss.  whJeh  M*l  fals*  the**  pototv  ths>  beias!  M**MM  by  Ik* 
•train  upon  the  ,  "«Nrh  tWWa^slt  It 

Fora  full  plan  ..f  Mr<  »llum'»  Inieaible  Arehed  Trmm  th*  rssjaer  to  ieeVttid  t»  n«a.  13*1  *s 
Upon  inspection,  it  will  be  ubemed  that  the  11  Kill  Ing  prtneipie  to  wr? 


.EDGE. 

toward  the  ends  of  the  t  nwa,  not  only  by  the  addition  to  the  amovnt  of  material  at 

it  will  be  seen  also  that  the  panel*  become  shorter  as  the  vertical  strain  iaomaaa, 

]>Ince<l  upon  lines  rn.liatia-  with  th-  ivn-a  .  the  braces  form  eqaal  snjlss  with  the  • 

this  way  the  latter  are  made  to  approach  more  nearly  together  toward  the  ends  of  thetrwsa, 

student  has  already  had  sufficient  evidence  of  the  great  strength  of  Mils  farm  of  traw.  and  It  hi 

also  been  shown  that  the  tensile  strain  upon  the  tower  chord  ia  «ny«h  test  than  in  any  other  has 

plan.     In  fact,  the  hitter  may  be  <*toWy  itttnd,  and  the  stiaeUre  will  atiU 

sustain  a  heavy  load.    In  this,  it  differs  from  all  other  «""»M'>HfnML 

In  Fig.  !3iH,  U  is  the  upper  chord;  8,  straining  beam:   A.  arch-brae*     M.  — «-  *- 

C,  counter-brace. 

Upon  referring  to  Fig.  1391,  which  represents  a  clear  span  of  180  fort,  it  will  be  ana  that  th* 


on  referring  to  Fig.  1391,  which  repreeenU  •  rlaar  »pan  of  180  fart,  it  will  be 
races  which  n-st  upon  the  abutment*  ere  «tt*n4iHl  to  point*  on  the  arch  a 


arch-br 

tin  abutment*. 


47  ft 


From  the  top  of  each  set  of  arrh-l.nuv*.  running  diagonally  OB  -t«4i  »Uc  >/  th» 
truss,  are  placed  heavy  saspension-roda,  which  are  •^»wt^tt  with"  tbWmer  chorda  IS  ft  fkflhiT 
from  tli>'  masonry,  'llm.  the  bridge  eeat  U  robetantially  tratutfevred  to  a  point  47  ft  towards  tb* 
centre  of  the  bridge,  reducing  a  »|*n  »f  180  to  88  ft,  eo  far  M  the  'mrfr  sfcijfa  npoa.  the  lewr 
chord  i..  aoMemea.  For  thi»  int<-nmxliate  apace  of  86  ft,  the  arrh-braa  ie  of  i  ' 


to  sustain  the  whole  load,  if  n-jiiir-  .1.     MrrnjtJL  howeter,  U  not  all  that  ia  reqvUvd,  tat  a  raUmd 
bridge  t>s|KTinlly.  Mibj.-.-t  n»  it  i-  (•  u    .  •    .  .-  l<«d  ;  there  tuu-t  ahn  be  r«y*S 
from  vibration.  '  A  bridge  may  be  •trong  yet  flexible,  rigid  yet  wmk  ;  ia  fact.  fexibUity  ie 
patible  with  durability  ;  the  otructure  »h<»uld  be  prepared  at  ell  tinMetoreeeiveMi  to»d.  e«d__ 
not  be  permitted  to  change  ahapc  in  the  alighte»t  degree  by  iu  |«aap  ot«r  it    To  pfodaee 
result,  an  effective  system  of  numtcr-bracve  ia  itulujienaable. 

The  proper  office  of  counter-bract*  u  frto|in  ntly  "^ifwHeirtijuA,  M  It  evident  frojn  the 


, 

of  their  a|>|)lication  in  many  ca«e*  in  which  they  are  oacd  M  r  a»r4  treoo  o*/j,  haviajt  •  a«y<Mav 
rather  than  a  positive  action  ;  this  may  be  readily  kliown.     Whm  Uw  h«d  U  *ffdle4,  th»  t 
deflected  in  consequence  of  the  yi.  Min^  of  tin-  brace*  ;    this  baa  the 


deflected  in  consequence  of  the  yi.  Min^  of  tin-  brace*  ;    this  baa  the  eAet  of  dUrita 
diagonals  in  the  dint-lion  of  their  1.  u.-th.  while  the  dia^onaU  in  the  dircrtioo  of  •. 
braces  are  correspondingly  le»itHcnt*.i  ;  thu  will  leave  •  amee  bai»MB  the  ende  of  the  fe 
the  betiri*<i-hlo.k  in  the  lower  chord      \Vh-n  the  trua»  is  in  thia  rnnditWci.  if  wedgt*  »••• 


of  the  feller.  e*l 


between  the  ends  of  the  counter-brace*  and  the  lower  chord,  in  each  •  manner  a*  to  ftll  «p  the 
whole  apace,  it  is  evi.leut  tint  t!>»  weight  may  be  removed  without  at  all  anWtin*  the  ihapeal 
tlu-  truss,  the  deflection  ori^iimlly  prolix  ,  .1  by  the  weight  being  maintained  by  the  euanlaf  hieei*. 
the  strain  u{x)n  the  susUiining  brace*  and  other  portknu  of  the  truaa  nmaining  predevly  the  a*aw 
as  when  the  weight  was  suspended. 

Now  suppose  the  original  weight  to  have  been  200  tona,  it  la  eridmt  that,  ae  eaoa  ea  it  to 

removed,  each  counter-brace  will  be  mihjccted  to  an  upward  throat,  ouily  fbwnd  fram 

the  sum  of  all  tlio  thrusts  making  2('0  ton*.    Now  kt  there  be  a  atnallcr  load  epptted.  04*  hf4 

will  not  produce  any  additional  strain  upon  any 

incn-aued  in  the  slightest  degree ;  the  onU 

be  the  relief  of  thu  counter- brncen,  eijn:il  to  the  <1  " 
The  inventor  luu  fmnd  it  vury  ditllrult  to 

with  some  individuals,  from  the  fact  that  **igkt  and  tlniu  were  amt*mtoA     Kov  it  ••  Uw.  «b> n 

v    _  .  •        .  .  i  A      ^M^K     A. 


.-. '1011(111118  nfV-r  the  former  baa  b»-eo  removed. 
In  or  1.  r  U)  make  a  practical  application 
Inflexible  Arched  Tnut  u  «ubmitt 
a  train  of  locomotive  engine*,  attached 
obtained,  the  tenders  are  anm.'tinai  detached, 
this  loex£  the  latter  i. attained  down  to  a  perfect  baring  In  all  ita  paf«a 


structure  is  more  or  leas  deflected,  whil*  the  eoaatar-biaofs  arc  ••••>« 

if.  then-fore,  when  the  bridge  is  in  this   condition  with  Us  load,  th- 

lengthen.*!  wit. i  o  force,  it  would  not  recover  " 

load,  but  w.mld  IM  held  down  by  the  action  of  the  cow* 

as  when  loaded.    In  thu  plan  of  bridge,  the  lower  end-  of  the 

which  are  attached  to  tb«  vertical  ties  or  paste  at  a  point 

•M.-.tm£»s  and  nut*,  by  wtiir'i    they  may  be  IsnirtlMSJsd 

made  to  perform  a  pa-  Whenthe  brldj 

th:m  that  orijrinally  appli'«l  rannot  proisjas  any 

paMgeofa  train  ..0,-r  it  will  bo  to  relieve  the  on 


Such  Miiiilibrium  .-f  f.in«  aa  will 


181.    r>ucii  i^iuiuitriuiM  ••• 

tv  and  dUtribntioo  of  malwWas  will 
a  Ih*  dniftmr*  ooWast  SVWM""'. 

i  uaalifaafina  la  all  M»  pi 

4tk  fhe  anaog«QieBToril7|«»tes^ 


prir";;!:i:-  ^^AVSSBZtt*  ^  -.*—-*•••. 

ilnriMilv  of  the  material  wssjesftf  «**  < 


••.- 

by  a  single  weight,  W( 
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the  arc  being  neglected.  Let  B  =  the  radius  of  the  arc  q  C  a,  and  put  2  c  =  its  length  ;  then  the 
chord  q  a  and  veraine  C  D  are  readily  calculated.  Let  the  chord  q  a  =  2  d,  and  C  D  =  2  e. 
Let  /  =  A  g  =  A^  =  Ba  =  B6  and  g  =  B  n  =  Bm  =  As  =  Ar.  Also  let  A  B  =  2  A 
2_A-2d  =  A  _  rf|  A-a  =  ^  ^  putt.ng  9  fo 

2  / 

angle  a  B  n  =  q  A  s. 

?  *  ~  2  C.  =  A  -  c,  2A-2c  =  AB-p&. 
8 

h  —  c 
.•    Putting  <f>  for  the  angle  6  B  n  =  p  A  s,  —  —  =  COB.  <f>. 

.-.  ^  —  0  =  angle  aB6  =  nBm  =  sAr. 
.-.  mn  =  g  sin.  (<j>  —  6). 

c  Tff 

Then,  according  to  the  principle  of  work,  2  g  sin.  (<£  —  0)  to  =  2  e  W.     .'.  w  =  ---  . 

3>  sin.  (<p  —  6") 

Let  A  B  =  2  A  =  188  ft.  ;  the  length  of  the  arc  g  C  a  =  the  straight  line  p  D  6  -  2  C  =  136  ft  • 
li  =  200  ft.  ;  m  B  =  g  =  60  ft.  ;  6  B  =  /  =  50  ft. 

It  will  be  found  that  the  arc  q  C  a  before  being  disturbed  contains  38°  57'  40"  ;  the  versine  of 
this  arc  =  11-449  ft.  =  2  e;  the  chord  =  133-39576  ft.  -  2d. 


=  •  5460424  =  cos.  56°  54'  15''  ;  (0).       -       =  •  5200000  =  cos.  58°  40'  4"  ;  (<?>). 

.-.  <J>  -  0  =  1°  45'  43". 
e  5-7245 

=  3-100092.     .-.  w  =  more  than  3  times  W. 


..  .  -  —     lAR'AM 

g  sin.  (£  -  0)      60  sin.  (1°  45  49") 

Consequently,  the  weight  W  before  reducing  the  arc  q  C  a  to  the  straight  line  p  D  6  must  raise 
more  than  six  times  its  own  weight  if  posited  at  s  and  n. 

Description  of  an  Iron  Bridge,  in  which  the  Forces  are  well  combined  to  meet  the  demands  of  Railway 
Traffic.  —  The  bridge  we  now  propose  to  describe  is  one  belonging  to  a  system  of  bridge-building 
introduced  by  Wendel  Bollman  ;  it  was  erected  at  Harper's  Ferry,  U.S.,  the  practical  working  of 
which  was  carefully  observed  by  the  editor  of  the  present  work.  This  iron  suspension  trussed 
bridge  was  124  ft.  between  the  abutments.  The  length  of  the  cast  iron  in  the  stretcher  was  128ft. 
The  weight  of  the  cast  iron,  65,137  Ibs.  ;  weight  of  wrought  iron,  33,527  Ibs.  ;  making  the  total 
weight  of  cast  and  wrought  iron,  98,664  Ibs. 

Fig.  1398  is  an  elevation  of  part  of  the  side,  showing  one  pier  and  part  of  the  cast-iron  stretcher. 
The  cap  is  removed  from  the  pier  to  show  how  the  rods  are  secured. 

Fig.  1397  is  an  elevation  of  both  piers  and  of  the  eight  panels  of  which  the  bridge  is  composed. 
The  system  of  arranging  the  braces  and  connecting-rods  is  exhibited  in  this  figure. 

Fig.  1401  is  a  cross-section,  showing  the  floor-bracing  and  the  position  of  the  rails.  Fig.  1401 
also  shows,  in  section,  the  roof  and  posts. 

Fig.  1400  shows  a  plan  of  the  flooring  of  the  bridge,  the  positions  of  the  rails,  and  floor-bracing. 

Fig.  1399  shows  two  posts,  part  of  the  stretcher,  and  the  diagonal  rods  in  one  of  the  panels. 

The  wrought  iron  requires  little  workmanship,  the  rods  from  the  centre  to  abutments  having 
but  an  eye  at  one  and  a  screw  at  the  other  end  ;  with  a  weld  or  two  between,  according  to  length. 
The  long  counter-rods  have  two  knuckles  and  one  swivel  for  adjustment  of  strain,  and  convenience 
in  welding,  as  well  as  in  raising  the  whole. 

The  cast-iron  stretcher  is  octagonal  without,  circular  within,  and  averages  1  in.  of  metal.  It 
is  cast  in  lengths  according  to  the  length  of  panel,  and  jointed  in  the  simplest  manner,  —  at  one 
end  of  each  length  is  a  tenon,  at  the  other  a  socket.  The  latter  is  bored  out,  and  the  tenon  and 
its  shoulder  turned  off  in  a  lathe  to  fit  the  socket  ;  thus,  when  thoroughly  joined,  to  form  one  con- 
tinuous pipe  between  abutments.  The  ends  of  the  sections  of  cylinders,  inserted  into  those 
contiguous,  are  slightly  rounded,  to  allow  a  small  angular  movement  without  risk  of  joint  fracture. 
A  cast-iron  plate  or  washer  sets  on  a  bracket  cast  with  each  abutment  end  of  stretcher,  and  at 
right  angles  to  the  centre  acting-rods.  The  tension-bars  are  passed  through  this  washer  to  receive 
a  screw-nut  for  the  erection  and  adjustment  of  the  system.  The  stretcher  or  straining  beam,  the 
vertical  posts,  and  suspension-bars,  compose  the  essential  features  of  the  bridge;  each  post  being 
hung  by  two  bars  from  both  ends  of  the  stretcher  independently  of  all  the  others  ;  and  each  post 
and  pair  of  tension-bars  forming  with  the  stretcher  a  separate  truss.  This  system,  perfect  in 
itself,  is  additionally  connected  by  diagonal  rods  in  each  panel  ;  also  by  light  hollow  castings, 
acting  as  struts.  The  diagonal  side  rods  might  be  safely  dispensed  with  ;  for  the  peculiar  merit 
of  the  truss  is  its  perfect  independence  of  such  provision.  They  are  therefore  used  as  a  safeguard 
only  in  case  of  the  fracture  of  any  of  the  principal  suspension-rods. 

By  this  combination  of  cast  and  wrought  iron,  the  former  is  in  a  state  of  compression,  the  latter 
in  that  of  tension  ;  the  proper  condition  of  the  two  metals.  It  unites  the  principles  of  the  Suspension 
and  of  the  Truss  bridges.  Each  bar  performs  its  own  part  in  supporting  the  load  in  proportion  to  its 
distance  from  the  abutment  ;  so  that  the  entire  series  of  suspending-rods  transmits  the  same  tension 
to  the  points  of  support  as  would  be  equally  transmitted  from  thence  to  the  centre  of  the  bridge. 

This  bridge,  it  will  be  seen,  is  composed  of  seven  independent  trusses,  which  transfer  the 
weight  concentrated  on  each  floor  beam  directly  to  the  abutments,  without  aid  from  auy  other 
connection  ;  and  not  from  panel  to  panel,  as  in  general  use.  The  strain  on  cast  and  wrought  iron 
is  wholly  in  direct  line  ;  and  the  result,  the  least  quantity  of  metal  is  required  to  carry  a  given 
weight.  The  weight  of  bridge  and  load  has  a  vertical  pressure  on  the  piers,  towers,  &c.,  the  only 
horizontal  thrust  being  from  the  expansion  of  iron,  which  may  be  accommodated  by  rollers,  sliding 
on  an  abutment  bracket  placed  over  the  pedestal,  or  by  other  means  :  the  necessary  dimensions  of 
masonry  therefore  become  moderate. 
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It  is  evident,  from  an  inspection  of  the  cuts,  that  no  chord  is  requisite  at  the  bottom  of  the 
truss  to  resist  tension  ;  the  only  advantage  of  that  employed  is  to  regulate  the  moveim-at  produced 
by  expansion,  in  the  performance  of  which  agency  tin-  resistance  is  one  to  compression.  Although 
the  abutment-bracket  casting  and  its  pedestal  were  so  constructed  as  to  admit  of  accommodation 
to  expansion,  by  rollers,  yet  such  contrivance  was  omitted  with  the  view  of  fully  testing  the  effect 
of  greatest  expansion  throughout  the  system. 

This  bridge  was  inspected  by  the  writer,  ten  months  after  it  was  erected  at  Harper's  Ferry  ; 
during  which  time  it  had  been  exposed  to  extremes  of  cold  and  heat,  and  to  an  average  run  of 
twenty  trains  daily.  From  the  closest  inspection,  we  find  that  the  extreme  expansion  measures, 
as  near  as  possible,  ^  in.  on  each  tower,  or  f  in.  in  the  entire  length,  128  ft.  of  stretcher  ;  and  without 
the  slightest  percentible  derangement  of  masonry  ;  the  dimensions  of  which  are  4  ft.  square  of  base, 
li:  ft.  high,  and  2  ft.  9  in.  at  top. 

While  on  the  subject  of  expansion,  it  may  be  well  to  notice  the  effect  from  difference  in 
expansion  of  the  rods.  At  the  first  point  of  suspension,  or  where  the  longest  and  shortest  rods 
meet,  the  counter-rod  is  about  four  and  a  half  times  longer  than  the  acting-rod  ;  and  the  expansion 
of  the  counter  ia  four  and  a  half  times  that  of  the  acting-rod.  But  there  is  also  a  proportionate 
difference  in  the  lengths  of  stretcher  from  the  point  directly  over  the  centre  of  connection  to  tin- 
extremities  of  these  rods.  This  has  been  practically  proved  in  this  bridge.  The  suspender  bolt, 
when  the  expansion  is  extreme  or  $  in.  in  Jength  of  stretcher,  exhibits  a  motive  difference  of 
•fg  in.  toward  the  short  or  acting  rod  ;  which  difference  is  provided  for,  as  seen  by  slot,  dotted  in 
elevation,  where  the  vertical  suspender  bolt  moves  to  accommodate  any  such  difference,  and  to 
give  that  proportion  of  weight  to  each  rod  according  to  the  angle.  It  affords  <•;»>•  nei-ess  for 
repairs  ;  for  instance,  should  a  new  floor  beam  be  required,  it  is  but  needed  to  slacken  the  horizontal 
rod  and  the  keys  in  longitudinal  strut,  remove  the  washer  under  point  of  suspension,  and  let  down 
the  beam  to  be  replaced  :  which  can  be  done  without  trestling  up  any  part  of  the  bridge.  In  case 
of  fire,  the  floor  may  be  entirely  consumed  without  any  injury  to  the  side  truss. 

The  permanent  principle  in  bridge-building,  sustained  throughout  this  mode  of  structure,  and 
in  which  there  is  such  gain  in  competition  with  every  other,  namely,  the  direct  transfer  of  weight 
to  the  abutments,  renders  the  calculation  simple,  the  expense  certain,  and  facilitates  the  erection 
of  secure,  economical,  and  durable  structures. 

Details.  —  Resistance  of  cast-iron  stretcher  G  H  to  compress:on,  177,511  Ibs,  or  4930  Ibs.  the 
sq.  in.  Half  weight  of  bridge  and  load  :  weight  of  iron,  24,000  Ibs.  ;  weight  of  wood,  15,000  Ibs.  ; 
weight  of  load,  184,000  Ibs.  ;  momentum,  25,000  Ibs.  -  248,000  Ibs. 

Size  of  Acting-rods. 

No.  1  section  of  iron  2  -46  =  2  bars  1$  x  |    I    No.  3  section  of  iron  3  97  =  2  bars  2x1 
No.  2       „  „      3-31  =  2     „    If  x  1    I    No.  4        „  „      431  =  2    „    2£  x  1 


A  h  ; 


Strain  on  Acting-rods. 
No.  1,  -    ^-     -  =  39355  Ibs.  strain. 


A*.    No.2, 

A/;     No.  3, 

No.  4, 


X  52 


=  55623  Ibs. 


=56136  Ibs. 


w     , 
N0-  *' 
No.  2, 
No.  3, 


Weijht  on  Acting-rods. 

No.  1,  31.000  -  4,238-2  =  26,761-8. 
„  2,31,000-  7,9922  =  23,007-8. 
„  3,  31,000  —  11,745-9  =  19,254  1. 

Value  of  Iron  in  Acting-rods. 

/  16.000  the  sq.  in.  ;  2  rods  7  in.  diameter,  length  23  ft.  2  in. 
\  2  bars  $  x  1£  in.  diameter,  25  ft.  3  in.  length. 

15,000  the  sq.  in.  ;  2  bars  7  in.  x  If  in.  diameter,  38  ft.  length. 

14,000  the  sq.  in.  ;  2  bars  7  in.  x  2  in.,  length  52  ft.  5  in. 

Size  of  Counter-rods. 

A  </  ;    No.  1  section  of  iron  2  •  5  =  2  bars  If  x  f  . 
A/;     No.  2         „  „       3-9  =  2     „     2    x  1. 

Ae;     No.  3        „  „      4'5  =  2     „     2J  X  1. 


No.  1, 

No.  2, 


Strain  on  Counter-rods. 
*  112 


=  25712  Ibs  .strain. 
,  43069  Ibs.      „ 


11745-9 
17 


Weight  on  Counter-rods. 


No.  1, 
No.  2, 


.    ,992  I 


31000  x  48  5 
-  128~~ 
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Fa/ii*  of  Inn  in  Co*mt*r-nd*. 

No.  1,  10,000  the  so,.  in.    2  ban  1  x  II,  length  111  ft  7  km. 
Xo.2,  11,000  them,,  in.    2  ban  1  x  2,  -    ;    , 

No.  3,  12,000  tlie  sq.  in.    2  ban  1  x  2J,      "        «  £  ]|  fr. 

Valneof  iron  in  counter-rod  o,  13,000  the  sq.  in.  :  2  ban  I  x  1&,  length  66  ft  1  1  ia  T  -iflfc  «** 
posts,  15  ft.  ;  diameter  of  poets,  6  in.  ;  weight  on  each  pott,  —  —  c  31000  Ibs.  Dmfonal  W»*ea, 
1  in.  diameter,  22  ft.  9  in.  in  length. 

Trial  made  on  the  1st  tiij,  of  Jun<;  1852,  to  prow  (JU  CapMlity  e/  tUt  JMsW.—  Thn*  tnWSM 
tonnage  engines,  with  three  tenders,  were  first  carefully  weighed/  •*!  thinTai  wra  ih,  i 


, 

at  the  same  time  nearly  covering  its  whole  length,  and  weighing  in  the  earsAasfTlLSM  th 
136-i35H  tons  nett,  being  over  a  ton  for  each  foot  in  length  oftbe  bridge.  ' 
about  eight  miles  an  hour,  and  the  deflection*,  ««w»3hw  to  SMgea  properly  set  -iri  MM 
their  action,  were  at  centre  post  1}",  and  at  the  flnt  post  fom  abrtmentA  of  •»  *»»     rra 
test  it  is  found  that  the  load  did  not  cover  the  entire  length  of  bridge  by  abovt  13  ft,  yet  the 
of  weight  in  the  middle,  and  at  a  speed  of  about  eight  mile*  an  boor,  produml 
tion  than  If  of  an  in.  at  the  centre  post,  and  ^  of  an  in.  at  the  flnt  point  fnwi  . 

Before  proceeding  farther,  it  is  necessary  to  point  oat  ^nn>  Htiow  mfalsfcss  made  by  expeH- 
menters  and  writers  on  the  strength  of  material*.  When  discussing  tbe  ttrmfth  of  gilders  resale 
on  supports,  the  editor  of  the  present  work,  in  hi*  new  theory  of  the  «tmtgth  «/  owU-rtek.  flr* 
pointed  out  fallacies  involved  through  introducing  an  imaginary  NHL  tonaad  tb»  k««tfml  »»i«, 
and  merely  investigating  the  upright  lamina  of  the  match*!.  We  do  not  fNfom  U>  rltn-^a  ifcu 
subject  thoroughly  here,  but  to  show  how  error*  mar  be  inmlred  wbm  the  jtnaftb  of  fmlrr. 
is  considered  with  respect  to  forces  supposed  to  act  only  in  pandlel  apright  fJaas*.  8a* 
Engineer  and  Architect's  Journal,'  June,  1846. 

If  a  beam,  QR,  Fi-.  U02,  rests  loosely  on  two  rapporta,  A  and  B,  and  la  k»M  b  tb» 
middle  with  a  weight,  W,  which  deflects  it  ;  before  the  weight  U 
ab  =  pq=cd;  and«/=  rs=nm,  but  win  u 
the  beam  is  deflected  by  W,  pq  is  greater 
than  aborcd,  and  r  »  is  less  than  either  «•/ 
or  mn.  Before  the  beam  is  loaded  it  is  sup- 
posed to  be  rectangular  ;  in  most  cases  this 
change  of  form  may  be  detected  by  expe- 
riment. Although  the  nature  of  the  ma- 
terial and  amount  of  pressure  may  render 
this  change  of  form  imperceptible,  yet 
these  forces  acting  across  the  gird'  r.  in 
the  directions  ofpqrs,  are  in  operation, 
loosening  bolts,  buckling  and  puckering 
upriirht  sheets,  and  so  on.  This  action 
should  be  carefully  attended  to  by  engi- 
neers in  constructing  girders,  whether  solid,  hollow,  or  cornnnml  nf  •ki>Mna  frmmr*. 

The  material  at  r*  is  wire-drawn  and  mmpmacd,  while  »t  />?  th*  •alxtal  b 
extended,  and  loosened,  according  to  tho  elastic  limit  and  natvre  of  th*  »tnlrr     Tb* 
erroneous  theory  of  the  strength  of  materials  im>posua.  when  the  beam  b  b*«l  bt  a  vstg 
fibres  are  compressed  at  pq  and  extended  at  r*.  without  altrnUna  of  brmdth;  that  K  t-f  nnai 


=  a6or  c</,  and  also  =  nor*/.   A  portion  of  tbe  bndy  will  often  be  taeed  oat  near  lhelto»»f. 
but  when  the  substance  supporting  tbe  weight  U  tnogh.  tbe  vmniUan  may  lake  ph 

motion,  and  not  directly  through  the  plans 


and  diagonally,  with  a  sliding  rutting  motion,  and  not  directly  through  the  plan*  e? '«,  to  the 
middle. 

Stone  Bridget.— Tbe  art  of  constructing  atone  bridges  has  always  bean  and  etifl  Is  M  asm*  the 
domain  of  practice  as  of  theory  Tbe  long  and  intricate  e»l«-<iUif  «•  whisk  It  hi  nssssiewy  to  fe 
through  in  determining  the  principal  dimensions  of  a  stone  bridge  thong*  " 
always,  with  a  wise  precaution,  subordinated  to  practice;  Ike  little;  time  w 
the  guidance  of  engineering  works  devolves  have  • 
\vith  wln.-h  project*  hare  u>  be  designed  and  eiegajleil 


for  want  of  time  or  nppnrtunitr.  have  failed  to  gain  swBVimi  thiKetleal  kmovUlte, 
'which  might  U-oomnsnsatod  for  by  their  low  practise  aided  byaflrvah«ftoe«lr4ssis« 
principl«»-all  this  lias  induced  Edmond  Bov.  the  ifpsrlsiinsd  rYsjwk  ens^nss*.  to  e^MSesa  toto 
a  few  pages  some  practical  information  and  f<«muUa,  toto  which  enter  eary  Ike  elms 
of  arithnx  ti<-  nnd  geometry,  and  by  means  of  which  may  be  readily  detenatoed  the  < 
aqneducts,  bridges,  viadncta,  and  retaining  walU. 

Before  proceeding  farther,  we  give  this  practical  epitome  of  Boy :  it  eprnks  6*  tu. 

EMTIBICAL  FOBHTUB  snrrao  to  jmamuii  TW«  T 

w  *  *~« >«"*r^ ^2  2t^?t±?l 


^  . 

the  creator  numl>cr  of  ompiric«l  formuto)  gnrtsw  tke  4snnj  of  masonry  M  IM 
deptrTin  consideration  of  'th.  span  atone.    i»Tii  way  j>  toidp  barf,  a  , 
r  f*  dcpm-ed  to  the  4e0w  "^  A.«*hV 


epr 

tickl  arch,  even  if  the  latter  f*  dcpm-ed  to  the  4e0w  "^ 
formnlie,  to  possess  an  equal  drpth  at  the  cmwn.    B«eh  M 
and  of  Rondelet. 

These  fonnuls)  appear  to  as  deleetivr  :  in  proofs 
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which  exists  between  the  dimensions  of  the  masterpieces  of  the  celebrated  Perronet  and  those  which 
they  would  have  had  if  his  formula  had  been  applied. 

In  determining  the  thickness  at  the  crown,  we  ought  evidently  to  take  into  consideration : — 

1.  The  span  of  the  arch. 

2.  The  degree  of  depression. 

The  greatest  radius  of  the  curve  of  the  intrados  and  the  magnitude  of  the  arc  of  the  intrados 
alone  corresponding  with  these  two  conditions,  the  depth  at  the  crown  in  segmeutal  bridges  must 
be  determined  by  the  former  of  these  two  quantities  or  by  the  two  combined.  It  is  also  obvious 
that  the  lateral  thrust  upon  the  abutments  with  the  depression  given  to  the  arch,  and  the  dimensions 
of  the  abutments  at  the  springing,  will  therefore  be  determined  by  the  radii  of  the  curves  of  the 
iutrados.  All  other  dimensions  will  follow,  generally,  from  the  depth  at  the  crown. 
Signification  of  the  Letters  employed  in  the  Formulas. 

Q  =  the  span  of  the  arch. 

B  =  the  longest  radius  serving  to  determine  the  depth  at  the  crown. 

F  =  the  rise,  or  distance  between  the  level  of  the  impost  and  the  summit  of  the  intrados. 

C  =  the  depth  at  the  crown. 

Semicircular  Arches. 

We  have  U  _  ^_ .  ri -i 

I 

F  =  R  =      .:  [2] 

m 

Formula  [3]  is  applied  by  us  to  any  span,  with  ordinary  materials. 

Formula  [4]  is  applicable  to  cases  in  which  materials  of  feeble  resistance  are  employed,  such  as 
certain  kinds  of  freestone.  The  dimensions  denoted  by  this  formula  are  not  excessive  for  spans  of 
less  than  12  or  15  metres,  and  it  may  with  propriety  be  employed. 

Arches  heavily  banked.— In  the  case  of  arches  supporting  thick  mnsses  of  embankment,  it  will  be 
necessary  to  add  to  the  depth  at  the  crown  in  the  proportion  of  0  •  02  for  each  metre  of  embankment 
above  the  extrados. 

Elliptical  Arches. — In  the  elliptical  arch  the  radius  of  the  upper  segment,  which  is  the  longest 
radius,  may,  in  accordance  with  the  various  conditions  according  to  which  we  wish  to  construct  the 
curve  of  the  arch,  have  many  dimensions  for  the  same  span  and  the  same  rise.  We  shall  therefore, 
in  order  to  have  a  uniform  formula  for  elliptical  arches,  always  consider  as  a  basis  of  calculation 
that  the  curve  is  of  3  centres  only,  with  segments  of  60°.  It  will  not,  however,  be  necessary 
always  to  construct  the  curve  of  the  intrados  with  3  centres  j  it  may  be  of  3,  5,  7,  or  9,  as  may  be 
deemed  expedient ;  we  have  chosen  3  merely  as  a  uniform  basis  of  calculation.  It  is  plain  that  a 
curve  of  5,  7,  or  9  centres,  substituted  for  one  of  3  which  has  served  as  a  basis  of  calculation,  must 
have  the  same  rise  as  the  latter.  Our  opinion  is  that  the  curve  of  3  centres  should  never  be 
employed,  as  it  must  of  necessity  be  angular. 

2.  The  mode  of  calculation  which  we  have  adopted  fixes  a  priori  the  utmost  limit  of  depression 
which  it  is  proper  to  give  to  elliptical  arches,  and  consequently  indicates  the  moment  when  we 
should  begin  to  employ  the  segment. 

The  general  value  of  R  in  cases  of  curves  with  3  centres,  the  arcs  of  which  are  of  60°,  ia 

R  =  Q  x  1-183  -  1-366  F.  [5] 

Let  r  represent  the  radius  of  the  lesser  arcs,  then  r  =  Q  —  R    [6].      If  we  make  F  =  0'134 

O 

x  Qor-^-,  we  have  R  =  Q  x  1-183  -  1-366  x  0-134  x  Q;  whence  R  =  Q  x  1,  and 
/  "4o 

r  =  Q  -  R  =  0. 

This  result  agrees  with  the  geometrical  principle,  that  the  chord  of  an  arc  of  60'  is  equal  to  the 
radius. 

Thus,  according  to  our  principles,  the  employment  of  arches  of  the  elliptical  form  is  limited 

between  F  =  \  Q  and  F  =  ^-%  • 
/  "4o 

On  the  other  hand,  if  we  compare  the  section  of  the  ellipse,  Fig.  1407,  which  is  depressed 

F 
to—  =  0-20  with  the  segment  of  60°  or  0' 134  x  Q  =  F,  drawn  in  a  dotted  line  near  it,  we  shall 

V& 

see  that  the  aperture,  or  vent,  which  would  result  from  the  employment  of  each  of  these  two 
curves  would  be  the  same,  or  nearly  so ;  the  difference  will  be  still  less  on  comparing  the  segment 
before  mentioned  with  the  curve  of  Fig.  1404.  In  this  latter  case  it  is  indeed  nothing.  Practically, 
then,  there  would  be  no  advantage  whatever  in  employing  an  elliptical  arch  having  a  rise  of  less 
than  \  of  the  span,  because  in  such  a  case  we  should  have  a  curve  too  much  depressed  at  the 
summit,  and  because  this  ellipse  might  be  advantageously  replaced  by  a  segment  with  a  rise 

of  affording  a  vent  equal  to  that  of  the  ellipse. 

In  practice  elliptical  arches  having  a  rise  of  less  than  £  of  the  span  have  never  been  employed. 
General  Values  of  the  Elements  serving  to  determine  the  depth  at  the  crown  of  elliptical  arches : — 

R  =  0  x  1-183  -  1-366F; 

C  =  0-30  + 0-05  R.  [7] 

Plan  of  Curves  witti  several  Centres. — Let  A  B,  Fig.  1403,  be  the  span  of  the  arch,  and  I F  the 
perpendicular  on  the  middle  of  A  B  =  the  rise. 
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Describe  the  half-circumference  A  F1  B  with  }  A  B  for  a  radios. 

Divide  the  half-circumference  A  F'  B  into  as  many  t-«|ual  parts  M  there  ar*  to  be  < 

Produce  the  perpendicular  I  F  as  far  as  F',  the  point  «  here  it  cut*  U*«-  halfi 
divides  the  top  segment  into  two  equal  part*. 

Draw  the  chords  B  1,  1  2,  5  F',  F'  3,  3  4,  4  A.    Take  upon  A  B  aor  two  potato  r  at  ami 
distances  from  the  extremities  A  and  B,  which  will  be  the  centre*  of  the  Arat  aicofth*  ««rt*i 
the  radius  of  which  will  be  B  r.    Through  the  point  r  draw  r »  parallel  to  the  radios  I L  wk*H 
will  cut  the  chord  B  1  in  o  and  B  o,  and  be  the  chord  of  the  tin-t  are.    Thrown  th*  petal* dm w  •  i 
parallel  to  the  chord  1  2 ;  through  the  point  F  draw  V  p  parallel  to  toe  chord  t  "^Itrf  B^trt  «« 
intersection  p  of  the  latter  two  parallels  will  determine  the  chord  op  of  the  amod  an  *ad  la* 


chord  p  F  of  the  half  arc  of  the  summit.  Through  the  point  /-  drawing  p  B  parallel  lo  1 1.  wk** 
will  cut  in  r  the  radius  o  r  produced,  and  in  R  the  perpendicular  I  V  p«*tw«t.  la*  *ntf  of  the 
arch :  the  points  r'  and  R  will  be  the  centres  of  the  second  arc  and  of  the  air  of  la*  Mauait. 
Figs.  1404,  1405,  give  illustrations  of  curves  with  7  centres.  It  will  be  *a*a  that  the  MSMtnvtMi 
is  exactly  the  same ;  but  the  first  two  radii  may  be  taken  at  pleasure,  and  the  third,  that  at  la* 
arc  of  the  summit,  may  be  determined  as  for  Fig.  H03,  which  u  iLc  out  of  a  com  with  5 
centres  only. 

It  follows  from  the  means  which  we  have  pointed  oat  that  it  would  be  aecwamry  I*  Bfasaal 
cautiously,  in  order  to  give  the  proper  dimensions  to  the  unaller  radii  ntrtmmrj  to  Madae*  a 
regular  and  graceful  curve  approaching  as  near  as  possible  to  the  ellipse.  To  avoid  th»  w*  haw 
drawn  up  Tables  applicable  to  the  describing  of  curves  with  5  and  7  ceotna,  aad  by  lama*  tf 
which  we  may  determine  by  a  simple  multiplication  the  length  to  be  given  to  the  tnl  IMMT 
radii  of  the  curves. 

There  are  only  two  distinct  conditions  according  to  which  elliptical  eorrae  otaj  b*  tracwd:— 

1.  Supposing  that  the  angles  in  the  centre  of  each  of  the  arc*  are  equal  lo  each  other. 

2.  That  the  magnitudes  of  the  arcs  are  equal. 

We  give  Tables  Nos.  I.  and  II.,  which  satisfy  the  former  condition,  and  No*.  Ill  aad  IT, 
which  satisfy  the  hitter  for  curves  with  5  and  7  centres. 

ELLIPTICAL  ARCHES  OF  5  AND  7  CEHTRI*,  EQTAL  AXCLCD. 
No.  I.  No.  1L 


180' 
5  centres,  Angles  =  —  —  =  36°. 
o 

ISO* 
7  centres.  Angle*  =  —  —  m  WOT. 

PROPORTIONS  : 

rauronraMt 

Of  the  Rise 

Of  the  1st  Radios 

OrtbeRlw 

Of  toe  l*t  lUdlu.  Of  iWlsrflta**. 

—  to  the  Span. 

—  to  the  Span. 

—  to  the  Span. 

•-U>lbt8B.a. 

plH^fjHI 

y 

Q 

"" 

0-36 

0-278 

0  30 

..  IM 

o*sii 

0-35 

0  265 

0  29 

0-189 

0't6S 

0-34 

0-252 

0  28 

0-168 

0-t49 

0-33 

0  239 

0  27 

0  158 

" 

0-32 
0-31 
(1)  0-30 
0-29 
0-28 

0-225 
0-212 
0-198 
0-185 
0  171 

0  26 
0  25 
0-24 
0  23 
0-22 
0-21 

0-145 
0-183 
0-128 
0  113 
0  104 
0-095 

0-228 
0  210 

o-iw 

0  187 
0  177 
0  IM 

(2)  0  20 

0-086 

0  155 

ELLIPTICAL  ABCHES,  wrra  ABW  or  WAM.Y  WCAL 

No.  III. 


'    PitopORTiojts  : 

••MM 

OftbeRUe 

Of  UM  1st  Kadlu* 

Of  Uw  1st  •*•*• 

«u-.-«— 

onto** 

—  to  the  Span. 

fL  to  Uw  Spaa. 

wnaiwajc 

•.Mat 

e 

0*36 

0-800 

49      0 

82      0 

0-85 

0-289 
0-279 

50    20 
51     40 

80    4O 
t9    80 

0-32 

o-:u 

0-30 

o  ••-".' 

0-268 
0-257 
0  246 

0  2:15 

0-218 

53      • 

54    20 
55    40 

67      0 
68    20 
69    40 

tf      0 
.        •  • 
25    tO 
14      0 
23    40 

tt  to 

' 

.—  ——  • 
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ELLIPTICAL  ARCHES  WITH  ARCS  OF  NEARLY  EQUAL  MAGmiTDES.    7  CENTRES. 

No.  IV. 


PKOPORTIOXS  : 

A  NO 

-Es: 

Of  the  Ris.-  F 
to  the  Sp.n  i  y. 

Of  the  1st 
Radius  o  r  to 
the  Span  Q. 

Of  the  2nd 
Radius  p  r  to 
the  Span  Q. 

Of  the  1st 
Radius  with  the 
Horizontal  Line 
of  tin1  Springing. 

Of  the  1st 
Radius  with  the 
2nd. 

Of  the  2nd 
Radius  with  the 
3rd. 

Of  the  3rd 

Kiulm*  with 
the  Vertical. 

o 

o 

o 

0             1 

0  30 

0-220 

0-431 

44    53 

22    37 

16    30 

G      0 

0-29 

0-210 

0-425 

4.1     30             22    30 

16      0 

6      0 

0-28           0-200 

0-41D 

46      7             22     22 

15    30 

6      0 

0  27 

0-190 

0-413 

46    45             22     15 

15      0 

6      0 

0-26 

0-180 

0-40(5 

47    2:$            22      7 

14    30 

G       0 

0-25 

0-170 

0-400 

48      0 

22      0 

14      0 

<;     o 

0  24 

0-160 

0-394 

48    37 

21     53 

13    30 

6       0 

0-23 

0-150             0-388 

49     14 

21     46 

13      0 

6       0 

0-22           0-140 

0-382 

49    51 

21     39             12    30 

6      0 

0  21           0-130             0-376 

50    28             21     32 

12      0 

6       0 

(3)  0-20 

0-120 

0-370 

51       0 

21     30 

12      0 

5    30 

NOTR.  —  The  horizontal  columns  marked  by  the  figures  (1),  (2),  (3),  correspond  to  the  examples  given  iu  Figs.  1403  to  1405. 


1404. 


14C5. 


The  rise  and  span  of  an  arch  being  given,  divide  the  rise  by  the  span  ;  the  quotient  -=-  will 


be  one  of  the  numbers  of  the  first  column  on  the  left,  or  near  it  :  the  products  of  the  span  by  the 
proportions  corresponding  to  this  quotient,  situated  on  the  same  horizontal  line,  will  give  the 
length  of  the  first  radii.  The  radii  near  the  summit  of  the  curve  must  be  determined  from 
the  diagram. 

It  is  necessary  to  remark  that  in  the  application  of  Tables  Nos.  III.  and  IV.,  in  which  the 
angles  in  the  centre  are  not  equal  to  each  other,  the  divisions  of  the  half-circumference  must  be 
made  according  to  the  angles  indicated  in  these  Tables.  See  application,  Fig.  1405. 

The  principles  of  our  Tables  have  nothing  absolute  about  them;  they  may  be  varied  on  the 
plan  and  the  number  of  centres  increased,  if  it  be  found  that  the  limits  are  too  restricted  ;  for 
the  construction  employed  for  5  and  7  centres  is  analogous  to  that  to  be  employed  for  9,  11,  or  13 
centres.  Only  the  flatness  of  the  curve  at  the  summit  is  proportional  to  the  increase  in  the 
number  of  centres,  and  greater  care  is  needed  in  the  construction  of  the  plan.  Our  Tables  are 
designed  only  to  give,  within  practical  limits,  the  means  of  avoiding  the  necessity  of  making 
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experiments,  and  of  obtaining  a  priori  the  required  curve*.    Our  genanl  formula  [S\  tttm  tto 
values  of  the  radii  for  a  curve  of  3  centres  with  angle*  in  the  centre*  equal. 

We  do  not  advise  the  adoption  of  the  curve  of  3  centre*  for  a  depreanoo  of  teas  ttoa  •'«, 
for  in  the  two  viaducts  of  Port-de-Piles  and  of  Auzon  (railway  from  Toon  to  Bontamax),  ta  tto  eiav 
etruction  of  which  Roy  took  part,  the  former  having  three  art-he*  of  31  mrtrw.  aod  the  lattof  ft* 
arches  of  20  metres.  The  designs  for  elliptical  arches  of  3  centre*  with  *ngk*  la  tto  twaim 
equal,  gave  a  depression  of  0  •  33.  In  the  execution  of  these  work*,  naoune  wa*  "*J<gH  to  to 
had  to  curves  of  5  centres,  because  with  3  centres  only  there  WM  a  tery  dutiurl  aagW  at  «aeh 
change  of  curvature. 

Tracing  the  Ellipsis. — 1.  Gardener's  ellipsis. 

Let  A  B,  Fig.  1406,  be  the  span  of  the  arch  and  major  axi*  of  the  <-llit»u.  rpoa  tto  •hifli  of 
A  B  raise  the  perpendicular  I  F  equal  to  the  rise  of  the  arch,  which  will  be  half  tht  "nfo 
the  ellipsis.  From  the  point  F,  as  a  centre  with  $ABorIBa»a  nuliu*,  demito  aa  a 
the  line  A  B  in  two  points,  m  and  m\  whicli  will  1«  tin-  !"•  «•!  r>f  the  elliptic  If  at  th*  fcri 
we  fix  the  ends  of  a  thread,  the  whole  length  of  which  is  equal  to  A  B,  tto  mj<v  axb  of  tto 
ellipsis,  and  with  a  style  keeping  the  thread  equally  tcnae,  we  more  it  round  fcwa  B  to  F  cad  A. 
the  style  will  trace  a  curve  which  will  be  an  ellipsis,  and  the  right  line*  ma,  ma.  and  •  «'.  »  > . 
drawn  from  the  points  a  and  a'  to  the  foci  m  and  m',  are  radii  Tectorea,  aod  they  ahow  tto  ptMtUaa* 
of  the  thread  as  the  style  moves  round. 

1.  The  line  bisecting  the  angle  formed  by  the  two  radii  vector**  from  the  M 
ellipsis  is  a  normal  to  the  curve  in  this  point.    This  property  of  the  rlltpou  will 

a  ready  means  of  determining  the  joints  of  the  vousaoira.   We  will  return  to  thbaabjcct  pnaaattj, 

2.  The  plan  of  describing  an  ellipsis  by  means  of  a  thread  u  applicable  only  to  the  laying  «"•<  of 
gardens,  from  which  its  name  is  derived.   For  plans  of  arches  where  a  rery  exact  curre  it  nqalnd. 
we  propose  the  following  method : — 

Substitute  for  the  ordinary  thread  a  piece  of  wire,  the  diameter  of  which  ahoajd  to  tram  |  to  i 
of  a  millimetre ;  at  the  foci  m  and  m',  Figs.  1408,  1409,  fix  two  pini,  which  will  MTV*  M  potato  of 
rotation;  one  of  these  pins  passes 
through  a  hole  in  the  middle  of  a 
paij  of  pincers,  closing  with  a  screw, 
the  use  of  which  is  to  hold  firmly  one 
end  of  the  wire ;  the  other  pin  has  a 
ring  attached  to  it,  to  which  the  other 
end  of  the  wire  is  fixed.  The  part  d 
of  the  pincers  is  intended  to  balance 
the  part  c.  Instead  of  pincers,  the 
part  c  might  have  a  small  cylinder 
with  a  ratchet  wheel,  m  is  a  small 
flat  piece  of  board,  mounted  on  three 
rollers  turning  on  their  centres;  6  is  a  hori- 
zontal pulley  of  0'05  in.  diameter  turning  on  | 
a  vertical  axis  fixed  in  the  board  m;  around  - 
this  pulley  passes  the  wire  which  guides  the 
elliptic  track  that  must  be  followed  by  the 
board  m;  through  a  hole  in  the  board  at  q 
passes  a  style,  loaded  a  little,  if  necessary,  to 
n-inlrr  its  trace  upon  the  plan  plainly  vUiblf. 
The  board  m  must  always  be  moved,  so  that 
tiir  hole  q  is  on  the  bisecting  line  of  the  angle 
fWinrd  by  the  radii  vectores.  The  mrvi-  thus 
il.-.-fril..-ii  will  IK-  yet  more  exact  if  the  pin  <>f 
the  pulley  be  made  hollow  to  enable  the  style 
to  pass  through  it. 

'ijuu  Ellipsis  through  Points. —  Let  A  B, 
FL'.  1410,  ^  Q,i  the  middle  of  AB.aud  th«- j«-r- 

iicular  i  F  -  F.    The  foci  m  and  m  will  lo  * 
determined  in  the  manner  shown,  Figs  H0»  to 


AB 


1410.    From  the  point  i  as  a  centre  with  A  i  or  "2    M  a  radio*,  daaxfto  tto  p*r 

At  tte  point  A,  the  extremity  of  ^  ^^.^u^±J!affS^*^C  H^^* 

BdmdtoaaoiMK.  Ik.  * 

w  BIW  mtm^m  ^  ^^* 


, 

A  m',  the  distance  from  the 


tolto 


major  axis,  eriTte<l  frc.in  the  focus  m'. 


uiu  be  met  by  each  of  these  . 
If,  then,  we  "take  »\*>n  A  i  any  pointo  1 
„•  _  22',  —  33',  which   will  meet  tto  i 
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3.  Numerical  value  of  the  position  of  the  foci. 

We  have  as  the  value  of  the  distance  from  the  middle  of  the  major  axis  to  the  foci . — 


I  m'  =  *   -2 F,  because  of  the  rectangular  triangle  m'  i  F. 

4.  Numerical  value  of  the  position  of  the  line  D  K. 

Wo  have  as  the  value  of  the  distance  from  the  middle  of  the  major  axis  to  the  point  K  where 

QZ 
the  line  D  N  meets  the  major  axis  » k  = •—      — ,  because  of  the  similar  triangles  D  i  K  and 

4\/SL'_P 

Q  4 

D  N  •',  whence  D  i  =  ^ . 

5.  Values  of  the  ordinates  of  the  ellipsis. 

The  perpendiculars  In,  —  m'  n',  —  2  n*,  —  3  n'",  included  between  the  major  axis  and  the  curve, 
are  the  ordinates  of  the  ellipsis.  The  parts  of  the  major  axis  measured  from  its  extremity  A  :  Al, 
—  Am',—  A 2,  —  A 3,  are  the  absciss®  of  the  above-mentioned  ordinates.  Representing  the 
abscissa  by  x  and  the  ordinates  by  y. 

2  F     /Q* 
Section  of  Elliptical  Arches. — We  have  y  =  -TT^  ~r  —  x1 ;  the  area  of  an  ellipsis  being  equal 

to  IT,  multiplied  by  the  product  of  the  two  half-axes,  and  representing  the  section  of  the  arch  by  S, 

wQF 
we  have  S  =  — - —  . 

Determining  the  Joints  of  the  Voussoirs. — When  the  thickness  at  the  crown  and  at  the  springing 
has  been  decided  upon,  the  thickness  at  the  springing  being  greater  than  that  at  the  crown,  it  will 
be  necessary  to  trace  the  mean  ellipsis,  having  just  determined  its  foci :  upon  this  ellipsis  must  be 
marked  the  divisions  of  the  course  of  voussoirs.  In  each  of  these  joints  of  division  will  be  deter- 
mined the  bisecting  line  y  p  of  the  angle  formed  by  the  two  radii 
vectores  drawn  from  each  point  of  division,  Fig.  1410. 

Segmental  Arches. — General  values  of  the  radius,  rise  and  mag- 
nitude. 

The  chord  of  an  arc  or  the  span  of  a  segmental  arch  being 
given,  the  radius  of  this  arc  is  determined  according  to  two  different 
conditions,  see  Fig.  1411. 

1.  The  rise  required. 

2.  The  magnitude  in  degrees  and  minutes  which  it  is  neces- 
sary to  give  to  this  arc. 

The  rise  being  =  F,  and  the  magnitude  equal  A,  we  shall 
have  for  R  and  F  the  following  values : — 


1411. 


R  = 


2F 


F  =  R  — 


[8] 


[9] 


2  sin.  a ' 

sin.  a  =  j^; 
F  =  R  —  cos.  a  x  R. 


[10] 

[11] 
[12] 


Note  on  Trigonometry. — It  will  be  necessary  to  give  a  few  explanations  of  the  chief  terms  used 
in  trigonometry,  to  enable  those  of  our  readers  who  have  not  studied  that  science  to  employ  the 
formula  we  have  just  adduced.  The  sine  of  an  angle  a  b  c,  Fig.  1412,  which  we  will  call  a 
is  the  perpendicular  m  n  let  fall  upon  c  6  from  the  point  m,  where  one  of  the 
sides  meets  an  arc  described  from  the  summit  6,  as  a  centre  with  a  radius 
of  1.  The  cosine  of  an  angle  is  the  portion  of  the  side  c  b  included  between 
the  point  n,  the  bottom  of  the  perpendicular,  and  the  summit  b  of  the  angle, 
the  centre  of  the  arc.  The  sine  of  an  arc  is  the  perpendicular  a  d  let  fall 
from  one  of  the  extremities,  a,  of  the  arc  upon  the  radius  c  6,  passing 
through  the  other  extremity,  c,  of  the  arc.  The  cosine  of  an  arc  is  that 
portion  of  the  radius  included  between  the  end  of  the  sinus  d  and  the 
centre  6  of  the  arc.  The  portion  c  d  is  called  the  versed  sine,  and  is  equal 
to  the  radius  c  b  of  the  arc,  minus  the  cosine  d  b.  The  tangent  of  an  arc, 
a  c,  is  the  perpendicular  c  t  erected  from  the  extremity  of  one  of  its  extreme  radii,  c  6,  and  included 
between  its  point  of  contact,  c,  and  the  point,  £,  where  it  is  met  by  the  other  extreme  radius,  a  6, 
produced.  The  cotangent  is  the  tangent  of  the  complement  of  the  arc. 

Chief  Relations  of  the  Trigonometrical  Lines. — The  sinus  of  an  angle  or  of  an  arc  is  equal  to  the 
cosinus  of  its  complement.  The  tangent  of  an  angle  or  of  an  arc  is  equal  to  the  cotangent  of  its 
complement,  hence  the  formulae : — Sin.  a  =  cos.  (90°  —  a) ;  .  .  .  .  tang,  a  =  cot.  (90°  —  a). 

There  are  two  kinds  of  tables  giving  the  values  of  the  trigonometrical  lines :  those  giving  the 
logarithms  of  the  values  of  these  lines,  and  those  giving  their  natural  values.  Of  the  former  kind 
are  the  tables  of  Callet  and  De  Lalande ;  of  the  latter  are  the  tables  of  Richard,  and  those  contained 
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in  the  works  of  Clandcl  and  Ohevallot  All  UUm  are  ealevktad  far  MM  bariaj;  a  rediui  at  I 
They  are  usually  urranirrd  in  the  following  manner :  the  number  of  degne*  si  avwiud  at  tW  tap 
of  the  page  from  0  to  45  ,  and  at  the  bottom  from  44°  to  90',  haeaaw,  M  «w  ha*«  mtd,  the  f4^_ 
tangent,  cotangent,  and  cotiine  of  an  arc  an  equal  reapeativety  to  th*  coatae,  eosaagMri,  wMMewt,  ae4 
sine  of  their  complement.  The  number  of  minute*  fur  angle*  or  ami  from  •  to  40*  are  fow»4  «•> 
the  left  of  the  page,  and  for  angles  or  area  from  45*  to  HP  the  npber*  art  o»  tht  rift!  Tf  ths  pam 
The  values  wliica  are  found  in  the  horuontal  line  of  Mali  nomber  of  •hirtss,  la  tobies  ei  fc« 
sines,  cosines,  ic.,  are  the  logarithm*  of  the  natural  value*  of  the  ate*,  twagsBt.  eolejagesjt.  a*d 
cosine  of  the  angle  or  are  whose  magnitude  i*  expressed  by  the  i 


bottom  of  the  page,  increased  by  the  number  of  minute*  fond  in  tbe  Ml  cohsM  far  the  4MMB 
which  are  marked  at  the  top,  and  in  the  right  column  for  degree*  marknl  at  th*  »»4U*a  All  UMM 
vain, -s,  it  most  be  remembered,  are  calciUaU-d  for  a  radio*  of  1.  la  table*  of  log.  ata**,  Aa,  tfht 
iii'l.-x  is  increased  by  10. 

From  the  fact  of  the  value*  of  the  trigonometrical  line*  bring  fifw  Car  a  radio*  of  1. 
from  a  comparison  of  the  aimilar  triangle*  a  d  6  and  m  m  i,  that  tM  aiae,  taafwt,  ealMMBl 
cosine  of  arcs  of  different  radii  are  to  each  other  a*  their  radii.    Thoa,  «h«n  th*  rala*  of  » 

_  .he  table*,  we  hare  to  multibl 

arc  in  question  in  order  to  obtain  it 


nometrical  line  has  been  found  in  the  table*,  we  have  to  multiply  this  val«*  by  the  radian  of 

it*  true  value.    The  operation*  on  the  logarithm  af  the  vd 
of  these  line*  are  performed  in  the  aame  wav  a*  on  ordinary  logarithm*,  and  It  will  M 


remember  that  the  characteristic  <>f  all  these  logarithms  (Tables  of  Button)  Is 
10  units,  and  that  the  decimal  part  i*  always  pod  tire, 

FoUilt  L.E  G1VISO  THE  DEPTH   AT  TUB  CBOWH,   AVD  TH»  Pi 

\:\~>.  urn  AL  -  .  i  ..:\>v 


Wy 


Eunnns  or  m  Aw*. 

,  .-.. 

Mignitade. 

Radio*  =  R. 

Rte=P. 

0 

120 

Q  x  0-577 

Qx  0-280 

OSO  +  0-07B:  1 

II 

90 

Qx  0-707 

Q  x  0-207 

0  30  +  0  06  B; 

60 

Q  x  1-000 

Qx  0-184 

0-SO  +  o 

i 

50 

Q  x  1-183 

Q  x  0-111 

0-30  +  0-03  B- 

i 

40 

Q  x  1--102 

Qx  0-092 

0  30  +  0  01B; 

having  Magnibtdet  intermediate  to  tkote  given  in  lit  orw*aVawfl*Ur.-To 
depth  at  the  crown  of  eegmental  arches  having  magnitude*  tntermediato  to  those 
'lul.l-.  find  the  depth  with  the  radiu*  of  the  arc  to  be  employed  far  the  two  may 
which  that  of  the  jtivcn  arc  lie* :  a  fourth  proportional  to  the  difference  of  th*  txtr* 
to  the  difference  of  th-  di-pth*  at  the  crown  corresponding  to  the*e  magni tildes  and  to 
between  the  given  and  one  of  the  extreme  magnitude*,  will  be  the  qw»rity  whiel 
to  or  subtracted  from  tin-  depth  nt  the  crown  corresponding  to  the 


talW 


served  to  determine  the  fourth  terra  of  the  proportion. 

Kxampk.—Let  it  U-  required  to  determine  the  depth  mi  the  crown  of  a 

with  a  radiu*  of  10  metre*. 

We*hallharefor9(randR«10*:   C«0-» 
and  for       ..     ..  60°  and  B  =  10-;   0  =  070 


•fit* 


F)i  ffenoCM  •  • 


010 


Thsnioti 


:  • 


9f 
^0-10  x  14 

ii  in 
Hmce  for  7(T  and  U  =  lO'OO;  C  =  0  80  -  0'046  m  O'TH  this 

F  =The  operation  wo  hare  indicated  irOl  be  tndUpensabU  oaly^  the  ease  af  afMol 

lying  between  120  i»t..l  ao  .  and  90°  and  e0^.beeaa*e 

(    f,,r  variationsoMy  Md  ^£1*^^  **£*•*$£ ^fjjf^ 

as  there  are  decrees  of  difference  between  them.  .._.«.^__     . 

By  nerforming  an  analogous  «P«ntk»  m  « 

I  hedifeiMeM^toi>fw1M  act  he  exneily  th»  •*»*,  b^theyji 


Jll 
* 


Vill  not  be  rtartly  th« 

AC'll*"^",    I*lf%4    »uv  %^s*i|ye^ir^"^i  •    * 

,.,g  to  the  foregoing  nuapU, 


?^^lSr^rrJ^.Vtr^.^ 


?  =  0-172.    The  proportion  of  the  rise  to  the  span  fc» 

and  0-134  of  the  formal*?,  No*.  14  and  15. 
•hall  have 


m  the 


C-0» 


the 
wa   a*  for 


DiffenMM 


0-184      B  •  10«;    C-i-79: 

o  0  l» 
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0-073      0-207-0-172 


Establishing  the  proportion  =  — 


F 


0-10 


we  shall  have  *  = 


0-10  x  0-35 
0-073 


=  0-048. 


Hence  for     -  =  0-172  and  R  =  10™ -00,   C  =  0»'752. 


Thus  thia  example  proves  that  the  radius  and  the  rise  of  an  arch  being  given,  wo  mny 
determine  the  depth  at  the  crown  easily  by  the  aid  of  our  formula  without  first  considering 
magnitudes. 

Gothic  Arches. — The  best  form  of  Gothic  arch  is  that  consisting  of  two  segments  of  CO0,  in  which 
R  =  Q.  It  is  for  this  form  only  that  we  give  a  value  for  the  depth  at  the  crown,  measured  like 
all  the  preceding  according  to  the  vertical  passing  through  the  summit  of  the  arch. 


In  this  case  F  =  Q  x  0'866; 
and        C  =  0-30 +  0-04  R. 


[18] 
[19] 


Lateral  Thrust  of  Arches.  —  The  following  formula  will  furnish  .a  means  of  verifying  the  depths 
at  the  crown,  determined  according  to  our  formula,  and  the  arrangement  of  the  extrados,  which  we 
will  discuss  later.  This  formula  denoting  the  horizontal  thrust  at  the  key  is  given  regardless  of 
an  overweight  or  an  accidental  weight. 

T  =  the  horizontal  thrust  for  ti  given  length  of  the  arch. 
d  =  the  weight  per  cubic  metre  of  the  masonry. 
C  =  the  depth  at  the  crown. 

r  =  the  radius  of  the  intrados  in  semicircular  arches  ;  the  radius  of  the  curve  at  the  summit 
in  arches  with  any  kind  of  intrados. 


We  have 


T  =  --  (2  Cr  -f  C2)  . 


[20] 


Arches  of  Cellars.  —  The  depth  at  the  crown  of  arches  for  cellars  of  dwelling-houses  will  be  equal 
to  the  half  of  that  of  an  arch  of  a  bridge,  of  the  same  form  and  the  same  dimensions  (.span  and 

rise)  -£ 

Arches  of  Buildings.  —  The  depth  at  the  crown  of  arches  of  buildings,  such  as  arches  of  churches, 

will  be  equal  to  -—  of  that  of  an  arch  of  a  bridge,  of  the  same  form  and  the  same  dimensions 
o  '  o 

(span  and  rise)  -         • 


MODIFICATION  OF  THE  DEPTH  AT  THE  CROWN  ACCORDING  TO  THE  NATURE  OF  THE  MATERIALS 

EMPLOYED,  AND  THE  GREATEST  RADIUS  OF  CURVATURE. 

The  Radius  of  Curvature  and  the  Employment  of  Material.  —  The  general  formulae  for  the  depth  at 
the  crown  given  in  the  preceding  chapter  were  composed  on  the  hypothesis  that  the  employment 
of  materials  of  various  kinds,  forming  the  intrados  of  arches,  would  be  subject  to  the  dimensions 
minima  and  maxima  of  the  greatest  radius  of  curvature  of  the  arches,  and  which  are  shown  in  the 
following  Table  :  — 


Nature  of  the  Materials  employed. 

Maximum  Radius 
R. 

Mean  Depth. 

Pressure  on  square  O'Ol 
borne  by  the  Masonry  : 

At  the 
Crown. 

At  the  Base  of 
the  Piers. 

Rough  unhewn  stone  and  concrete 
Unhewn  stone,  regular  in  shape,  such  asj 
calcareous  limestones,   laminated    tra-> 
chyte,  or  rough-hewn  stone   ) 
Stone  slightly  hewn  and  bevelled 
Hewn  or  joggled  stone  and  bricks 
Cut  or  free  stone  

m. 
2-00  to  (3-00) 

4-00  to  (5-00) 

8-00 
14-00 
20-00 

0-25  to  0-30 

0-33 
0-40 
0-60 

k. 
1-00 

2-50 

4-00 
5-50 
7-00 

k. 
5-00 

8-00 

12-00 
15-00 
20-00 

Above  a  radius  of  20  the  mean  depth  of  the  cut  stone  should  be  increased  by  0'03  for  each  extra 

metre  of  radius. 

This  Table  has  been  constructed  on  the  supposition  that  lime  only  moderately  hydraulic  will 
be  used.  For  cases  in  which  lime  eminently  hydraulic  is  employed,  the  values  3m'00  and 
5m  •  00  are  given. 

The  slightly  hewn  stone,  or  ashlar,  as  we  understand  it,  should  have  its  beds  bevelled  to  the 
extent  of  0  •  12,  and  the  remainder  of  the  bed  not  too  much  cut  away ;  the  joints  should  be  per- 
pendicular to  the  facing  to  the  extent  of  0'08.  Hewn  or -joggled,  stone  should  have  0'20  of 
its  beds  bevelled,  the  remainder  of  the  bed  not  too  much  cut  away,  and  0  •  10  of  the  joints  square 
with  the  facing.  Cut  or  free  stone  should  have  0'40  of  its  beds  bevelled,  and  0'25  of  the  joints 
square  with  the  facing.  These  regulations  for  the  cutting  of  the  stone  constitute  the  utmost 
allowance  which  may  be  made  if  the  work  is  to  be  properly  executed. 

It  is  easily  conceived  that  if,  in  the  construction  of  an  arch,  whose  greatest  radius  of  curvature 
is  14  metres,  in  which  case  we  might  employ  hewn  stone  having  a  mean  depth  of  Om'40,  we  use 
cut  stone  having  a  mean  depth  of  0'60,  this  latter  having  a  larger  bed,  the  pressure  will  be  spread 
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of  -tone  lying  well  together  and  o.  great  rfsleti»s  rover     T%* 

(?upthcnaunchesmi,rhtin«eha^br,Z»iT 
•  over  a  wider  and  well-resisting  earmee. 

=  depth  at  the  crown  according  to  the  general  formula. 
R  =  the  radius  of  the  intrado*  serving  to  determine  the  depth  at  the  < 
Let  R'  =  the  radius  maxima  for  the  material*  to  be  enbstitoted  for  «*">•« 
employed,  according  to  the  preceding  Table,  and  C  =  the  depth  at  the  emw 
materials  substituted  for.  those  considered  in  the  general  fcrmnkof  the  Take* 

We  shall  then  have  C*  =     C      , 

K'  l**J 


1.— Let  us  consider  a  bridge  with  an  elliptical  arch  in  which  R  3  ft" -00  and  ia  the 
cnn.struetion  of  whiflb  uli-liUy  hewn  *tnne  might  be  employed.  BappoMa*  that  it  k  wt^rf  t« 
Mit^titute  for  it  cut  stone,  we  shall  have  B'  =  20'00. 

General  value:  C  =  0'30  +  0-05  B  =  0'70,  whence  C*  =    °'7C     =  0-51 

^r 

The  Table  shows  that  for  a  radioa  of  20" -00  the  cat  stand  should  hare  a  •«•  depth  efO-00 : 
when  the  result  obtained  is  below  thin  limit  the  condition*  are  changed,  and  thk  inn  that  the 
radius  maxim  for  the  material*  should  be  lea*  than  20  metre*.     We  conclude  tnm  thi*  that  hwa 
stone  should  be  substituted  for  rut  stone,  in  order  to  keep  within  the  limit*  easicned  to  aae* 
kinds  of  materials ;  aud  we  shall  have  on  this  last  hypothec)* : 


Fxample  2.—  Let  us  consider  the  viaduct  of  St.  Germain,  inserted  radar  No.  •  la  the  Cesamra* 

:  uble. 

\v.  have  R  =  5-00.     Being  semicircular,  C  =  0  30  +  0-07  R  =  0'«5. 

In  thiscaae,  according  t«»  the  Tal.l,-.  Mi^l.tly  h.-wn  •toneaooold  have  beet)  M«d;  Urt  «nL*w» 
millstone  grit  was  employed,  for  which  tin-  Table  give*  B'  =  2'00; 

hence         CX  =  -  -  =  1  -02. 

^l 

The  engineer,  M.  Flachat,  gave  0"-95. 

•••  two  examples  ti.u-  j  :•  \.-  that  the  role  we  hare  MlahUahed  late  farte  Menwl  all  Uw 
runditioii.-*  oT  resutanot-  \\i,..-  .  r>-ult  from  the  employment  of  dMbreol  Uad*  of  •alerial. 

Ti'-  first  example  lead*  t<>  tin-  following  r..!,.-lu"»ion:—  Wneaete?  UM  thkkMM  at  UM< 
found  for  a  kind  of  material  that  ha*  born  *ub*titnUxl  for  that  which,  to 
'J  iti.].-.  miirlit  have  been  employed,  1*  leas  than  the  mean  depth  of  UM 


ii.\.-d  in  the  Tnt.lr.  we  ought  to  consider  thu  raUtitutxo  a*  toifn^hle,  an 
dct'-niiinc  tin-  ii'.immnm  thirknM*  at  the  crown  with  a  kind  of  malarial  of  vhk-h  UM 
should  not  )»•  -P  :i«i-r  than  the  thicknea*  found  for  the  crown.  By  Droaaadinf  to  tkl* 


k.<|,  within  th«-  1-,tind»  of  safety,  and  be  raided  br  a  apirit  (/MmMay.  wktok  «*fM.  flMfl 
umMtancmof  an  extraordinary  nature,  tobeeonaiaered  to  every  *»dertoktof.  Turn  mmmmm 
thiokn.ss  h.  ,„.-  thu*  determined,  it  i*  obviou*  that  it  Till  V  nl~*n  illnatlili  In  trnjiaj  nt  fc*J 


hewn  stone,  and  hown  fi-r  i-lu'htlv  hewn  _. 

I'oirfr  of  Kt*i*t«*c«.—  H  will  I-  advantageous  to  give  the  molts  ef 
various  kinds  of  stone  and  mortar,  in  order  to  obtain  a  general  knowledge  of  their  psnsem  ef 

It  will  \x>  nece*»ary,  however,  to  remember  that  these  st|ieftomii  were  mad*  to 
lul-.nit'-ry,  wl,.  ro  time  and  destroctive  atmospheric 
possess  more  or  less  elasticity .   under  the  action  of 
approach  to  or  recede  from  each  other; 

f  renurnini;  th-  ir 
which,  the  force  of  cohei 

the  former  is  the  limit  •(  claaUcltT.  the  Utter  the  limit  of 
power.    As  compreaaioa  is,  general!  v  upraking,  the  sole 
we  shall  consider  it«  employment  only  with  r<vmnl  to  thi*.     In 
as  inoompre«xit>le:  l.nt  when  the  prr 
The  softer  divide  into  two  pyramid*, 
mid  whose  summit*  are  situated  towards  the  centr* :  the  aide 


from  each  other ;  these  actions  have  limits  beyosid  vhieh  bediae  toss  the 
ir  primitive  forms  when  the  press«M  is  tofcea  oeT.  and  oU**r  ttmsls  Jsjyemj 
Minn  being  ezeeeded  and  overeosae*  a  raptave  ef  the  mwtJesss  takes  pla*w  • 


form  of  xplinter.x.  It  has  been  remarked  that  atones  begin  to  creek  ee  etnn  a*  Ih*  pvasisM 
the  half  of  that  required  to  crnah  them:  it  is,  therefor*,  at  thai  moment  that  the  •SMS* 
particles  is  destroyed,  aad  it  is  evident  that  this  is  the  point  which  meat  not  bt  emw**V 
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case  of  masonry  having  a  weight  to  support.  Even  this  limit  should  not  be  reached  if  the  supports 
are  isolated. 

Experiments  have  shown  that  the  weight  which  prismatic  stones  of  the  same  nature  will  sup- 
port increases  nearly  as  their  density.  The  weight  which  stones  of  the  same  form  and  nature  will 
support  is  proportional  to  the  areas  of  the  transverse  sections.  The  resisting  powers  of  three  prisms 
of  the  same  weight  and  the  same  nature,  having  equal  bases,  are  to  each  other  as  the  numbers 
703,  806,  and  917,  according  as  their  bases  are  respectively  rectangular,  square,  or  circular; 
which  shows  that  with  an  equal  section  a  stone  increases  its  power  of  resistance  in  proportion  as  it 
assumes  the  cylindrical  form. 

Representing  the  resisting  power  or  the  cube  by  1,  that  of  the  inscribed  cylinder  will 
be  0-08;  that  of  the  same  cylinder,  placed  upon  a  sharp  edge,  0'32;  and  that  of  the  inscribed 
sphere  0-26. 

It  is  easier  to  crush  several  stones  placed  one  upon  another  than  a  solid  block  of  the  same  form, 
the  same  dimensions,  and  the  same  nature.  For  three  cubes  placed  one  upon  another,  Rondelet 
discovered  that  the  resistance  was  reduced  about  •£,  a  result  which  the  interposition  of  mortar 
diminishes,  and  which  is  explained  by  the  want  of  perfect  contact  of  the  surfaces.  According 
to  Vicat,  a  cube  of  0'03  loses  £  of  its  strength  when  it  is  formed  of  eight  small  cubes,  and  \  whru 
it  is  composed  of  four  equal  prisms  with  fixed  joints. 

It  follows  from  these  facts  that,  having  regard  to  the  imperfections  in  the  execution  of  work, 
in  practice  the  permanent  weight  should  not  exceed  -jL  of  that  necessary  to  fracture  the  stone,  and 
that,  further,  in  structures  composed  of  ordinary  stone  or  of  small  materials  the  ^  or  even  the  ^5 
should  not  be  exceeded.  In  the  slightest  structures  the  £  is  not  exceeded. 

According,tb  Vicat,  a  piece  of  masonry,  composed  of  cut  stone,  will,  after  five  months,  support  a 
weight  of  200,000  kilogrammes  per  sq.  metre  without  any  alteration  of  surface,  and  an  average  of 
40,000  kilogrammes  when  constructed  of  unhewn  stone  lying  well  together,  with  mortar  moderately 
hydraulic.  The  quality  of  the  mortar  employed  may  increase  or  diminish  the  powers  of  resistance, 
as  is  shown  in  our  Table  of  pressures  which  the  masonry  has  to  support.  We  give  for  arches  a 
force  of  pressure  which  is  about  J  or  i  of  that  proposed  by  Vicat,  and  for  perpendicular  masonry  it 
is  nearly  the  same. 

TABLE  OF  THE  WEIGHT  OF  A  CUBIC  METRE  OF  THE  DIFFERENT  MATERIALS  EMPLOYED  IN  MASONRY 
WORKS,  WITH  THE  PRESSURE  PER  SQUARE  CENTIMETRE  NECESSARY  TO  CRUSH  THEM. 


Nature  of  the  Materials. 

Weight  of  a 
Cubic  Metre. 

Crushing  Pressure 
to  the  Square 
Centimetre. 

Basalt  and  porphyry      

kilos. 
2000 

kilos. 
2000 

2710 

620 

Sandstone  hard       ..      .. 

2570 

890 

2490 

4 

Calcareous,  chonchyllious  and  hard     
„          compact  (lithographic,  lias)     
,          oolite  (globulous)       

2500 
2500 
2100 

400 
300 
110 

2000 

100 

Bricks  well  burnt  and  hard  •.  

1600 

140 

ordinary  burnt  (Bel^ian^  

2160 

100 

Ordinary  plaster,  mixed  stiff,  30  hours  after  use 
i         ,  .  & 
.          less  stin     ..              

1570 

50 
40 

Concrete  with  hydraulic  lime,  6  months  after  use    .. 
Mortar,  hydraulic  lime,  15  days  after  use  
„        highly  hydraulic  lime,  15  days  after  use 
„        Vassy  cement,  half  sand,  15  days  after  mixing  .. 
„        highly  hydraulic  lime,  14  years  after  use    .. 

1830 

•          • 

40 
4 
8 
150 
154 
80 

20 

See  SPECIFIC  GRAVITY. 

NOTE. — These  resistances  have  been  determined  by  experimenting  upon  cubes  having  a  dimension  of  0-03  to  0' 05. 

Plan  of  the  Curves  of  the  Extrados. — Tracing  the  Curves  of  the  Extrados.— In  arches  constructed 
in  one  of  the  usual  forms  the  pressure  which  acts  through  the  curve  of  the  arch,  called  the  curve 
of  pressure,  is  the  resultant  of  all  the  forces  acting  upon  this  arch ;  and  it  is  a  principle  that 
this  pressure  should  increase  from  the  crown  to  the  springing.  Hence  it  is  necessary,  to  ensure 
the  stability  of  the  arch,  that  none  of  the  points  of  this  curve  be  without  the  section  of  the 
arch ;  for  in  such  a  case  the  pressure  would  not  be  directly  supported.  From  this  fact,  and  from 
the  principle  alluded  to  above,  it  follows  that  the  thickness  of  an  arch,  measured  normally  at  the 
intrados,  which  serves  as  a  basis  for  the  form  of  the  curve  of  pressure,  should  increase  from  the 
crown  to  the  springing. 

We  admit  with  M.  Dujardin,  author  of  •  Routine  des  Voutes,'  that  an  extrados  constructed  s 
the  vertical  projection  from  the  part  of  the  radius  of  curvature  of  the  curve  of  the  intrados,  produced^ 
any  point  between  the  intrados  and  the  extrados,  be  always  equal  to  the  depth  at  the  crown,  complies 
sufficiently  with  the  conditions  of  an  increase  of  pressure,  and  gives  the  dimensions  of  the  haunches 
of  an  arch  in  a  way  to  render  the  disposal  of  the  masonry  similar  to  all  points,  Fig.  1413. 
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A  * 


LetoA  =  Kand6«/  =  C.    Take  any  radios,  o  «.  and  at  the  point  •  svsei  a  rsrtial  »  A  -  44 
=  C ;  through  the  point  A  draw  the  **"•*•"•««•'.  meeting  the  T*4hs>  •»  in  the  potel  a,  to  i  ' 

latter  has  been  produced ;  the  point  N  will  be  a  point 

of  the  curve  of  the  cxtrados,  and  M  m  the  »>»»*>%»***  of 

the  arch  at  the  haunches.    Proceed  in  a  like  manner  rf 

for  m'  n'.    By  joining  all  the  points  thus  found  we 

shall  have  the  curve  of  the  extrados. 

The  numerical  value  of  the  thickness  of  the  arch 
at  the  haunches  will  be  as  follows : — 

Representing  the  angle  6om,  formed  by  the  radius 
drawn  to  a  point  m,  at  which  point  it  i»  mjuinil  to 
find  the  thickness  of  the  arch  by  a ;  and  the  fhinfcMsl 

of  the  arch  by  e;  we  hare  bd  -  C ;  and  •  =  — 

,  .   -       : 

This  method  of  tracing  the  curre  of  the  extrados  is  simple  tad  pfaetfcial      Fig*.  1414  to  III* 
are  examples  of  arches  of  10  metres  span. 

1414  is  a  semicircular  arch :  Fig.  1415  a  sfgmwital  arrh  of  W;  and  FUr   I41«  •» 
elliptical  arch.    The  slope  of  the  abutments  is  in  each  ease  ft.    In  the  an*.  Fig.  I41«,  the  jotol 

\  \         F  ^__ 

of  rupture  is  determined  by  •  _     =  fr- .    In  Fig.  1414  the  joint  of  isfivn  Is  at  aa  i 

with  the  vertical. 


Semicircular  arches 
Elliptical 
Begmental  of  60" 
of50° 


Gothic     ..      .. 

Semicircular  arches 
Elliptical        

Segmental       

Gothic     

Thidmeu  of  <A< 
In  all  cases      

(ii-tiiiO         


C  m  0-804-0  07  R. 
C  =  0  30  +  0  05K. 
C  =  0  30  4-0  04  R. 
C  =0904  000  R. 
C-0  30  +  0  MR. 
C  -  0-80  4-  0  04  B. 


B  -  O'fO  +  0»  ^B  4-  1O. 
E  «  0-20  4-0  1501  -r 


Thick***  of  tJu  P*rt  at  tt*  0"  '"l*f*' 

With  1  to  8-  span  ..........     Jl'l80/?0' 

8-mdorer..  .P-lutt 

Orvtgtto**  of  O-  Os*ls»*  *  At  Br****. 
JQxOOM. 


uu. 


694 


BRIDGE. 


the  point  o'  draw  o'  A'  parallel  to  the  line  of  the  springing.  Producing  the  radii  o  c*,  o  c",  o  c'",  and 
BO  on ;  these  radii  will  cut  the  line  o'  A'  in  the  points  1',  2',  3',  and  so  on  ;  if  we  now  continue  these 
rmlii  from  the  points  1,  2,  3,  and  so  on,  where  each  of  them  cuts  the  line  AB  to  the  points 
1',  2',  3',  4',  5',  6',  7',  making  them  equal  to  o'D  and  equal  also  to  the  radius  of  the  curve  of 
the  intrados,  we  shall  obtain  a  series  of  points  D,  1',  2',  3',  4',  5',  6',  7',  which  will  determine  the 
curve  of  the  extnulos. 

Remarking  that  each  of  the  portions  0  1,  02,  03,  and  so  on,  is  equal  to  c'l',  c"2",  c'"3'",  and 
that  oo'  =  C  is  the  vertical  projection  from  the  portions  of  the  radii  0  1,  02,  03,  we  see  that  this 
construction  exactly  fulfils  the  conditions  already  mentioned  ;  that  the  vertical  projection  from  a 
part  of  the  radius  of  curvature  of  the  curve  of  an  arch  produced  to  any  point  within  the  intrados 
and  the  extrados  is  always  equal  to  the  depth  at  the  crown. 

We  would  remark  that  the  curve  in  question  will  never  descend  (in  semicircular  and  elliptical 
bridges)  to  the  level  of  the  springing ;  for  this  curve  which  is  determined  by  the  sliding  of  the 
extremity  o1  of  a  line  o'  D  along  a  line  o'  A',  parallel  to  that  of  the  springing  and  distant  from  this 
latter  by  a  quantity  equal  to  the  depth  at  the  crown,  the  direction  of  which  in  this  sliding  motion 
is  compelled  to  pass  constantly  through  the  point  o,  the  centre  of  the  curve  of  the  intrados,  this 
curve  is  a  conchoid  of  which  o'  A1 

is  the  asymptote.    The  point  of  the  415< 

curve  of  the  extrados  nearest  the  ! 

plane  of  the  springing  will  therefore 
be  measured  by  infinity,  and  its 
distance  from  this  plane  would  then 
be  equal  to  the  depth  at  the  crown. 

Example  2. — For  the  segment 
we  have  proceeded  in  the  same  way 
as  for  the  semicircle  ;  the  deter- 
mining of  the  curve  of  the  extradoa 
stopping  with  the  last  radius  o  A, 
Fig.  1415,  it  follows  that  the  abut- 
ment rises  above  the  plane  of  the 
springing  by  a  quantity  equal  to 
the  depth  at  the  crown.  In  prac- 
tice the  extrados  of  the  arch  must 
be  made  to  coincide  with  the  top 
of  the  abutment  according  to  the 
dotted  line. 

Example  3. — For  the  elliptical 
arch  with  five  centres,  Fig.  1416, 
we  have  proceeded  for  each  arc  of 
the  ellipse  in  the  same  way  as  for 

1416. 


the  half-circumference  of  the  semicircular.  Above  each  of  the  centres  o,  o,  o,  at  a  distance  from 
these  centres  equal  to  the  depth  at  the  crown,  draw  a  horizontal,  then  at  each  extreme  radius 
of  the  arcs  of  the  intrados  find  the  points  1'—  2'  - x1  -y  by  the  aid  of  the  portions  of  the  radii  of 
curvature  11'  =  o  c,  22'  =  o,  c',  x  x  =  22',  y  y'  =  </3  A. 
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For  all  elliptical  arches,  determine  by  the  aid  of  a  duurrui  UM  ewMwtth  ft  _  » 


,£s 

abutment  as  shown  by  the  dotted  line. 


A'ltitiHrnts  and  Pirn. — Tkitkntu  of  U*  A^mtmtmtt  ft  tkt  Ptm*  «/  f4j  JW^us**      1^  •      •*•- 
thickneaa  of  the  abutments  at  the  plane  of  the  springing  for  ante*  of  el 

t  of  the  abutments  or  piers.    Vehave  already! T7 UM  nS  SuT 

determine  the  depth  at  the  crown,  and  -C   -  thr  depth  at  UM  orowa. 

For  any  span  and  any  form  of  arch  we  shall  have 


except  for  the  Gothic  arch  of  two  ""gmmts  of  60.  when 


The  height  of  the  abutments  should  not  exceed 

H      Q  x  1  SO.  CB] 

Except  in  cases  of  absolute  necessity,  the  height  sboaJd  nerer  exceed 

H  .  Q  x  t.  (ft) 

The  first  value  of  H  will  give  to  bridges  of  one  arch  the  most  solid  •lipnisiin  a 


public  work*  ought  to  poasees ;  it  is  also  the  limit  of  UM  conditions  of  gr^  stahOily.^  TW\MM 
value  of  U  corresponds  to  the  architectural  proportions  of  a  portico,   it  |g  also  Mttsd  to  lam 


facing  of  tht  Abutment*  on  tk*  Land  Side. — The  ihMm*^  of  the  ahateMte  at  UM 
springing  having  been  determined  by  formula  [tt\  the  exterior  being  (the  kod  i 
constructed  with  a  talus  of  £  of  0-20  the  nirtre  of  height  The  thickness  of  the  aU 
base  will,  therefore,  be 

-B  +  0-20H. 

This  talus  nearly  corresponds  with  the  retreats  which  many  bvDden  give  to  HMST  wsjfci;  this 
method,  we  think,  ought  to  be  abandoned  on  the  ground  of  p**"*"««d»f  rossjts  ofttnsd  to  UMW  to 
obtain  which  it  u  adopted;  namely,  greater  stability  than  with  tho  lalsja,  B*eh  Htosal  to  a 
reservoir  of  water  furnUhing  a  means  of  ftt^Htng  U  to  pnrrfrftfr  the  oMsonry. 

In  the  case  of  the  taltu  or  slope  we  have  taken  themeanof  the  thiokasssea  at  UM  sartogtac  a«4 
at  the  base.  This  mean  may  be  taken  in  practice  as  the  uniform  thiokaeas  tt  UN  aMsssB4,  Ike 
value  of  which  will  be 

E'  =  E  +  11x010.  [M] 

In  this  case  the  exterior  facing  will  be  vertical.     This  arranjmntat  wffl  hav«  UM 
inconvenience : — The  pressure  supported  by  the  masonry  qp  theUvel  of  the 
much  greater  than  that  supported  at  the  springing,  a  net  which  mijcbt  In 
consequences.    Besides  this,  such  an  arrangement  does  not  onrresrosjd  fal  i 
the  pressure  of  the  arch. 

The  thickness  of  the  abutments  thus  found  need*  no  assistance  of  walla,  wfcish.  If 
additional  guarantees  of  stability.     When  massive  walls  are  jplacnl  brhtad  tW  absjl 
sum  of  the  mean  thicknesses  of  these  two  walls  be  equal  to  half  the  widtk  of  tk*  wnck 
the  headings,  openings  in  the  form  of  arches  may  be  made  in  the  abwtSMSris  witkcvt  mi 


of  the  work.    In  this  way  a  oonsidorable  saviag  •»/  be  cfJortML 
It  will  not  be  prudent,  however,  to  hollow  the  sliajaisat  ostvss*  UM  walk 
-.h-  of  its  betKht.  for  there  should  always  be  at  the 


height  for  there  should  always  be  at  the  •f*f"g«"f  a  SAMS  of  SMJOSWT 
equal  to  that  prescribed  by  the  formula,  to  provide  against  UM  sHtliag  down  of  UM 
the  head  and  flanks  of  the  arch  in  eoaesqneno*  of  UM  slipping  to  watoi  UM  bttor  Is  UaMs 
there  is  not  sufficient  surface  to  resist  the  piassuia. 

rhicknett  of  U*  Pitn  at  UW  fipr,»ji+j-l*i  P  •  UM  tfclnHaai  of  the  aists  at 
»nd  F  =  the  talus  of  ttapten  per  a^etre of  height    Poraspaaof  1  00  tolor  10  oo  .. 

P.  Cxi  50, 

twice  and  a  half  the  thickness  at  the  crown. 
For  a  span  above  10- -00  wo  have 

P-OKS;  pq 

three  times  the  thickness  at  UM  crown. 

Talus  of  the  piers  a  metre  of  height  in  all  eaaM 

A  or  F  -  0  OtX 

The  body  of  the  piers  will  thai  increase  to  a  ssHre  of  I  ilfai  ty  A  tf  •'•*. 

Besides  this,  it  is  well  to  giro  as  rnoea  pnQislifSi  as  •laatlfi  to  UM  ssatoJ  to  aalsr  I 
thepreamaoverawldaraarnmofBatiualaMML  Tae  aato*s  of  ta*  **l  tW  towsitoa*.  W  la» 
WtA  the  flow  of  the  water,  and  the  farm  of  UM  lisaiisllis  awst  r^.tke>aflsV  to  tW  ** 
Htructionofthebasav  His  daty  to  to  ese  that  UM  works  U  fasmly  ytoaai  aad  aistoitod  »a»  ta» 
undermining ^action d ^^''^^  rtn||m^r-JT^Tt^|  T ^^^^^^a^^ ••-a^i  . 

and  the  same  span  will  be,  for— 

Gothic  arch  of  two  segments  of  «T  •  O'TO  I  HUpUeal  dsytaavs)  to  I 




Elliptkal  depressed  to  i -  1  U  ' 


Semicircular  '  "  !  ^ '  PfcAaaJ  ..  •  i 
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That  representing  the  thrust  of  a  semicircular  arch  by  1,  the  relative  thrust  of  other  archea 
will  he- 


Gothic  of  two  segments  of  60°        . .  =  0  •  50 

Semicircular       =  1  •  00 

Elliptical  depressed  to  ^ =  1  •  40 


Elliptical  depressed  to  £       ..      ..  =1-93 

to^      ..      ..=1-91 

Plat-band =  T95 


Position  of  the  Joints  of  Rupture.  —  It  follows  from  the  facts  which  we  have  gathered  from 
various  works,  that  the  position  of  the  joints  of  rupture  in  bridges  of  the  semicircular  and  elliptical 
forms  may  be  determined  in  a  general  manner  by  the  intersection  of  a  parallel  at  the  level  of  the 
springing,  with  the  curve  of  the  intrados  and  the  distance  of  which  from  the  level  of  the  sprinirin^ 
i°  £1  i-  i«  or  i  °f  the  rise  according  as  the  rise  itself  is  J,  ^,  |,  or  -£  of  the  span.  Calling  V  V  this 
vertical  distance,  we  have  the  proportion  :  — 

V  V       F  F1 

-j^=  Q-,  whence  VV  =  -  • 

This  formula  is  strictly  in  accordance  with  the  position  of  the  joint  of  rupture  in  semicircular 
bridges,  which  is  always  considered  as  being  on  the  radius  inclined  to  30°  with  the  horizontal.  In 
segmental  bridges,  so  long  as  their  magnitude  is  less  than  120",  the  joint  of  rupture  is  at  the  springing 
of  the  arch. 

Proportions  of  the  various  Parts.  —  Head-bands  of  Arches.  —  These  should  have  a  greater  thickness 
at  the  springing  than  at  the  crown.  This  arrangement,  which  is  more  rational  than  one  of  uni- 
formity, gives  the  work  a  certain  stamp  of  solidity  ;  this  kind  of  band  is  called  strengthened. 

In  arches  of  moderate  span,  the  thickness  of  the  band  at  the  crown  is  made  equal  to  the  body  of 
the  arch  =  C. 

The  thickness  at  the  level  of  the  springing  being  represented  for  all  forms  of  arches  by  B,  we 
shall  have 

B  =  C+  §-  x  0-025; 


For  a  span  not  exceeding  4  •  00  the  band  may  be  parallel  ;  for  in  such  a  case  the  increase  would,  be 
hardly  apparent,  and  it  seems  to  us  useless  to  introduce  such  a  condition  into  small  works. 

In  arches  of  a  wide  span,  20  or  30  metres,  the  thickness  of  the  head-band  is  often  made  less 
than  that  of  the  body  of  the  arch.  This  reduction  varies  from  0'  10  to  0'20,  according  to  the  hard- 
ness of  the  materials  or  the  taste  of  the  builder.  While  giving  the  work  a  bolder  appearance,  this 
reduction  in  no  way  compromises  its  solidity.  It  is  besides  quite  in  harmony  with  the  principles 
which  we  have  made  known. 

Tracing  the  Exterior  Curve  of  the  Head-band.  —  In  semicircular  arches  the  extrados  will  be  deter- 

mined oy  a  segment,  the  centre  of  which  will  be  below  that  of  the  intrados  by  —  -  x  0'025,  and  the 

£t 

radius  of  this  arc  will  then  be  equal  to  R  +  C  +  -^  • 

oO 

In  elliptical  bridges,  first  determine  the  value  of  B,  then  divide  the  increase  of  the  thickness 
of  the  band,  or  the  difference  between  the  thicknesses  at  the  crown  and  at  the  springing,  by  the 
length  of  the  half  of  the  curve  of  the  intrados  (measured  simply  with  the  compasses)  ;  this  will  give 
the  increase  of  the  band  for  each  metre  of  length.  Multiplying  this  quantity  by  the  length,  1,  of  the 
half-arc  of  the  summit,  2,  of  each  of  the  other  arcs  of  the  ellipse,  we  shall  have  the  thickness  of  the 
band  at  each  change  of  curvature.  The  arc  of  the  summit  will  be  determined  by  three  points,  and 
will  have  its  centre  at  n  ;  the  centre  of  the  second  arc  will  be  found  upon  the  last  radius  passing 
through  n.  It  is  besides  determined  in  position  by  its  two  extremities,  and  its  centre  will  then  be 
at  n';  in  the  same  way  we  shall  have  the  centre  n",  Fig.  1416. 

For  elliptical  arches  we  may  also  trace  the  ellipse  of  the  extrados,  the  major  and  minor  axes  of 
which  will  be  determined  by  :  —  The  major  axis  =  Q  +  2  B,  and  half  the  minor  axis  =  F  +  C. 

In  these  kinds  of  arches  the  joints  of  the  voussoirs  should  be  traced  according  to  the  normals 
at  the  mean  curve  of  the  head-band,  and  not  according  to  the  normals  at  the  intrados  ;  by  this 
means  the  pressure  is  distributed  more  equally  on  the  planes  of  the  joints.  This  arrangement 
corresponds  in  some  degree  to  the  inclining  of  the  planes  of  the  joints  recommended  in  the  learned 
work  of  Yvon-Villarceau  on  '  The  Construction  of  the  Arches  of  Bridges  considered  with  regard  to 
their  Stability.' 

For  segmental  bridges  the  extrados  will  be  a  segment  having  three  points,  the  crown  and  the 
Bpringings  :  its  centre  will  be  in  n,  Fig.  1415. 

The  Voussoirs.  —  The  key  voussoir  ought  always  to  be  a  header  ;  and,  as  far  as  possible,  the 
springers  should  be  the  same.  Now  the  key  is  always  like  the  first  voussoir  when  the  half  of 
the  total  number  of  voussoirs  of  one  head  minus  one  is  an  even  number.  We  are  thus  able  to  fix 
a  priori  the  number  of  voussoirs  to  be  put  into  an  arch,  and  the  builder  will  be  guided  by  this  iu 
regulating  the  piers  and  abutments. 

Plinths  and  Cordons.  —  Let  the  total  height  of  the  structure  from  the  top  of  the  foundations  to 
the  bottom  of  the  plinths  =  H,  the  height  of  the  plinth  =  A,  and  the  ledge  of  the  plinth  =  s,  then 
in  all  cases 

n  =  0-20  +  0-02  H.  [32] 

For  plinths  without  mouldings  for  small  structures,  s  =  $  h  ; 
„    plinths  with  mouldings       ..........  »  =  0'70A.  [33] 
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Representing  the  beigbt  of  ft.  eocdoo  «b>  b,  k.  ..  rf»U  km 


,  in  ewes  in  which  the  height  of  the  cnrdno  thw  fmw4  «<mld  , 
it  will  be  necessary  to  reduce  it  and  to  make  it  equal  to  Uui 
For  detail!  of  moulding*,  we  Fig*.  1417  to  142S. 
Detail*.—  P*r*  :—  Thickneei  of  the  pien  at  the  plane  of  •prturbc  •- 
lat,  up  to  10  mrtra*  apan  ......  ,  , 

2nd.  undi-r  10  nx-tm  cpaa  ..  i 

Slope  to  a  metre  in  height,  0'025,  or  ^ 

Plinths  and  Cordons  :  — 


Weahall  hare  A  =  040  +  0002  »  II. 


the  pier     If  Ihu 


Total  height  of  the  cordon*  *'  =  1  of 
of  tho  plinth,  reduce  A'  -  A. 

The  designs  of  cordon  and  plinth.  Fi-r*.  1417  to  H28.  an  •pwtenw  in  wnirk  all  Ike  < 
of  ledges,  plat-banda,  and  filleu  an  gireu,  mppoaiag  tbe  height  A  ID  be  oaHy. 


1417. 


Buttrenn.—Tho  breadth  of  bnttmwe  w«.  u.  .,_  v  _  »»». 

Qaural  Obttrtatitm  <m  On  Cautnc&m  tf  Ardm.— We  etras«ty  PM 
here  and  there  in  arches  of  wide  •pan ;  tbe  bonder*  aboeld  b»  of  *m 
that  of  the  rnnt<TJaU  employed  in  tbe  eonetnwtioa  of  tbe  mtrbt*.  IP 
be  uacd  to  hold  firmly  together  tbe  atone*  """"I""*"!  tbe  U«den. 
been  teated  by  experience. 

Thearchmof  the  eelebntod  bridge  boflt  by  Pemml.  MW  tbe  I 
ia  shown  in  Fig.  Hl!4,  are  128  ft.  (pan,  and  tbe  radioa  of  UM  etfela,  of 

tnt. 
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B1UDGE. 

COMPARATIVE  TABLE  OP  THE  PRINCIPAL  DIMENSIONS  OF 


PRESENT  DIMENSIONS. 

Thickness  : 

Propor- 

Magnitude 

No. 

NAME  or  THE  WORK. 

Number 
of 
Arches. 

Span  of 
the 
Arches. 

Longest 

llailius. 

Rise  of 
the 
Arches. 

tion  of 
the  Rise 
to  the 

of  the  Arc 

of  the 
longest 

Of  the 
Arches 

Of  the 
Piers 
at  the 

Of  the 
Abut- 

Span. 

Radius. 

at  the 
Crown. 

Spring- 
ing. 

the 
Spring- 
ing. 

Isr.  SEMICIKCULAR  ARCHES. 

1 

Bridge  at  Romilly,  over  the  Cheran 

1 

38-90 

19-45 

19-45 

0-50 

180° 

1-62 

.. 

.. 

2 

Bridge  at  Avignon  (Rhone)    .. 

21 

31-36 

15-68 

•• 

» 

»> 

0-74 

6-96 

26-43 

3 

Aqueduct  of  Spolette  (Italy)  .. 

10 

21-44 

21-44 

•• 

•• 

3-57 

4 

Bridge  at  Maligny    

1 

26-00 

13-00 

0-50 

180° 

0-92 

3-C5 

5 

Bridge  at  Furand,  over  the  Furand 

1 

20-00 

10-00 

•• 

» 

» 

1-00 

8-50 

6 

Viaduct  at  Stockport        

22 

19-80 

9-90 

.. 

»> 

n 

0-84 

3-04 

•• 

7 

'Viaduct  at  La  Manse,  on  the  railway  "1 
\    from  Tours  to  Bordeaux       .  .      .  .  / 

15 

15-00 

7-50 

•• 

»» 

>» 

0-90 

3-40 

8 

Viaduct  at  St.  Germain  (railway)  .  . 

20 

10-00 

5-00 

» 

» 

0-95 

1-90 

•• 

9 

Viaduct  at  Beaugency  (railway)    .  . 

2500 

8-40 

4-20 

., 

»> 

» 

0-80 

1-60 

2-60 

10 

/Roadways  over  the  railway  (Tours  \ 
\    to  Bordeaux)  ../ 

1 

8-00 

4-00 

.. 

»> 

»> 

/0-65\ 
\0-60J 

•• 

2-20 

11 

Roadways  under  the  same 

1 

7-00 

3-50 

.. 

>» 

» 

(0-65\ 
\0-60J 

•• 

2-00 

12 

It                                        M 

1 

5-00 

2-50 

.. 

>> 

»> 

0-55 

1-50 

13 
14 

/Aqueducts,   on  small    single    arch"! 
[     bridges,  under  the  same      .  .      .  .  / 
„                  „  (southern  railway) 

1 
1 

2-00 
2-00 

1-00 
1-00 

.•• 

»» 
» 

)> 
» 

0-29 
0-20 

15 

»> 

1 

1-00 

0-50 

•• 

t> 

>» 

/0-40\ 
\0-30/ 

0-55 

2ND.  ELLIPTICAL  ABCHES. 

16 

Bridge  at  Gignac,  over  the  Herault  j 

1 
2 

48-72 
25-34 

35-89 
12-67 

13-30\ 
12  -67/ 

0-275 

.. 

1-95 

7-80 

11-05 

17 
18 

Bridge  at  Neuilly,  over  the  Seine  .  . 
/Bridge  at  Port  de  Piles  (rail),  over  j 
^    the  Creuse      / 

5 
3 

38-98 
31-00 

48-73 
21-60 

9-75 
11-00 

0-250 
0-355 

60° 

1-62 
1-30 

4-22 

5-50 

9-83 
7-30 

19 

f  Bridge  at  Auzon  (railway),  over  the  j 

5 

20-00 

14-50 

6-67 

0-333 

»> 

1-10 

2-60 

10-80 

(26-50) 

20 

Bridge  at  Bordeaux  

17 

to 
(20-80) 

8-81 

0-332 

1-20 

4-20 

21 

22 

Bridge  at  Chavannes        
/Bridge  over  the  Brusche  (railway  in\ 

7 
4 

13-00 

10-00 

9-43 

7-14 

4  55 
3-00 

0-350 
0-333 

•• 

0-C5 
0-72 

4-55 
1-50 

6-50 
2-70 

\     Alsace)            / 

23 

/Bridge  over  the  canal  at  Ellesmerej 
\     (England)       / 

1 

4-90 

3-66 

1-83 

0-373 

•• 

0-31 

0-92 

24 

Pont  de  1'Alma,  over  the  Seine      .  .  | 

1 

2 

43-00 
38-40 

53-75 
50-56 

8-60 
7-70 

0-20 
0-20 

•• 

1-50 
1-50 

5-00 

10-00/ 

SRD.  SEGMENTAL  ARCHES. 

1st,  120°  and  over. 

25 

Bridge  over  Doux,  near  Tournon   .  . 

1 

47-78 

24-06 

19-82 

0-414 

157°  34' 

0-85 

•• 

••     - 

26 

Bridge  over  the  Conon  (England)  .  . 

~    l  one  l 
J  j\19-82/ 

11-10 

6-10 

0-307 

127°  12' 

0-92 

2-44 

*  * 
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BRIDGES,  VIADUCTS,  AXD  AQUEDUCTS  CONSTRUCTED  m  Eraorc. 


Nature  of  the  Materials 
of  the  Arch. 


Date 
of 

•  -.- 
stroc- 
Uon. 


NameofAKfallMl.i 
OtamM  • 


Freestone 


1785     Garella    ..      .. 
.._   jBe'nedic.    The  abnt-\ 
177   \ menta  include  wall*/ 

(The  ptera  of  thU  aao*- 
duct  are  M  mfcrea  high, 
with  a  boe  of  the  Mine 
1"  thkknai  M  at  UM  mfaf- 
ing;  the  tola!  Wfbt  of 
UM  work=  IMflMim 


741 


Freestone 


J  Bricks,  and  a  small 
\quantity  of  freestone/ 

Slightly  hewn  stone 

1  Unhewn  millstone 
•;rit,  unliiiury 
hydraulic  lime 

Hewn  stone 
Slightly  hewn  stone 


Unhewn  stone 
Slightly  hewn  stone 
Unhewn  stone 


Freestone 


Hewn  stone    .. 

Bricks,  with  free- 
stone bonders 

Freestone        ••      • 
Bricks      


Mill«t«.nc  prit.  with 
Vassy  cement 


Slightly  hewn  stone 
Freestone 


1834 


847 


845 


845 


Montluisant    «•     . . 

,  M.-uri  li-  i.-l.t  of  the 
<  piers  =  20  metre*. 
(  No  talus 

Morandier 

RFlachat      ..      .. 

/  Thoyot.    Tains  of 
\    the  piers  -  0-04 

(    Thickness  of  tbo    \ 
\  abutments  uniform  l( 


Carvallo  ..  . 
|  With  light  mi 
i  of  embanking 


17771 

to   }   Garipuy 

1798) 

1771      Pcrmuet  ..      ..      .. 

1848   (Bewdemoolinand 

l-l- 


I>cschamps 
CJanthey  .. 


1787 
1845 


1545 
1809 


Bazaino  ft  ChAf*"* 
Tclfofd    .. 


•J  • 
1-00 


roo 

0-50 

•  >  :.l 

0  30 

> 

w 

0*1 

2  28 

1-18 

6-84 

13 

I  i 

1  CO 

1  94 
1-38 

1  94 
1  38 

fttt 

4  M 

10 

7 

4  55 

i  H 

I  08 

8-08 

5 

0  30 

1  86 

1  10 

8-78 

6 

9-17 
7-76 

0-76 

051 

•  •» 

1-70 

8- 

1 

0-47 

•     ' 

1- 

'  '  1 

«-«7 
•1  96 

!.S) 

600 

n 

M  • 

11   10 

1  88 
1  08 

0-71 

8*16 

8 
« 

p  - 


.«.  y- 
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BRIDGE. 
COMPARATIVE  TABLE  OF  THE  PRINCIPAL  DIMENSIONS  OF  BRIDGES, 


No. 

NAME  OF  THE  WORK. 

PRKSKNT  DIMENSIONS. 

Number 
of 
Arches. 

Span  of 
the 
Arches. 

I/.nn.st 

Radius. 

Rise  of 
the 
Arches. 

Propor- 

tlul)  Of 

the  Rise 
to  the 
Span. 

Magnitude 
of  the  Arc 
of  the 
longest 
Radius. 

Thickness  : 

Of  the 
Arches 
at  the 
Crown. 

Of  the 
Piers 
at  the 
Spring- 
ing. 

Of  the 
Abnt- 
mcnte  at 
the 
Spring- 
ing. 

27 

28 
29 

2nd,  from  120°  to  90°. 
(Bridge    at    Verone,    near    Vieux-' 
\     Chateau  

3 

1 
1 

/  one  1 
\44-50/ 
46-47 
15-20 

28-62 

29-42 
10-75 

10-90 

11-37 
3-15 

0-245 

0-245 
0-207 

102°  04' 

104°  20' 
90°  00' 

1-62 

1-13 

0-90 

11-05 

10-40 
4V65 

Bridge  over  the  Taaf  (England)    .  . 
Specimen  of  passage  over  railway  .  . 

3rd,  from  90°  to  60°. 

30 

Covered  bridge  at  Florence  (Italy) 

3 

29-25 

21-20 

5-85 

0-200 

87?  17' 

1-62 

7-85 

8-77 

31 

J  Bridge  at  Grosvenor,  over  the  Dee) 
\    (England)       / 

1 

61-00 

44-23 

12-20 

0-200 

87°  16' 

1-22 

14-64 

32 

Bridge  at  Munich  (Bavaria) 

3 

31-20 

26-00 

5-20 

0-167 

73°  44' 

1-30 

2-92 

9-75 

33 

Bridge  at  Glasgow    

3 

17-70 

13-33 

3-35 

0-189 

85°  10' 

0-76 

2-75 

3-81 

34 
35 

Specimen  of  passage  over  railway  .  . 
Bridge  at  Brunoy      

1 
3 

12-00 
5-85 

10-00 
5-85 

2-00 
0-79 

0-167 
0-135 

73°  44' 
60°  00' 

0-75 
0-65 

i-'is 

1-90 
3-25 

4th,  from  60°  to  40°,  and  under. 

36 
37 

Bridge  at  Homps,  over  the  Ande  .  . 
(  Bridge    at    "Val-Benoist    Rail  way  \ 
\     (Belgium)       / 

3 
5 

21-40 
20-00 

21-40 
20-00 

2-87 
2-68 

0-135 
0-135 

60°  00' 
60°  00' 

1-30 
1-00 

3-57 
2-50 

8-77 

38 

(Bridge  at  Staples  Kailway  (Amiens! 
\     to  Boulogne)  / 

15 

14-00 

13-85 

1-90 

0-136 

60°  44' 

0-70 

1-75 

6-00 

39 
40 
41 

Pont  d'Je'na,  over  the  Seine  (Paris) 
Specimen  of  passage  under  railway 
„       *         „  (Northern  Kailway) 

5 
1 
1 

28-00 
8-00 
7-40 

31-35 
8-70 
8-50 

3-30 
1-00 
0-90 

0-105 
0-125 
0-122 

53°  05' 
56°  8'  40" 
51°  36' 

1-44 

0-70 
0-65 

3-00 

9-75 
2-40 
3-86 

42 
43 

fPont   au    Double,  over   the    Seine  \ 
i     (Paris)     .                                      .  .  / 

1 

1 
2 
2 

31-05 

31-18 
28-26 
25-34 

41-67 

42-20 
38-86 
42-14 

3-00 

2-99 
2-66 
1-95 

0-096 

0-096 
0-094 
0-077 

43°  42' 

43°  20' 
42°  39' 
35°  00' 

1-60 

1-13 
1-05 
0-97 

2:92 

16-24 

Pont  de  la  Concorde,  Seine  (Paris)  j 

44 
45 

Bridge  at  Moret,  over  the  Loing    .  . 
Bridge  at  Nemours,  over  the  Loing 

3 
3 

25-30 
16-24 

46-77 
30-21 

1-85 
0-97 

0-073 
0-060 

31°  20' 
15°  35' 

1-30 
0-97 

2-43 
1-95 

4V87 

of  the  outer  segmental  arch  are  parts,  is  160  ft.    A  comparison  of  this  bridge  with  a  bridge  on  the 
eame  plan,  after  the  designs  of  Roy,  will  be  found  at  No.  17  in  the  Table,  page  698. 

Along  the  line  of  the  Highland  Railway  numerous  bridges  and  viaducts  have  had  to  be 
erected.  Fig.  1 425  is  of  the  viaduct  which  spans  the  river  Conon,  in  Ross-shire.  From  circum- 
stances it  was  necessary  that  this  bridge  should  cross  the  river  on  a  skew  of  45°  to  the  stream,  and 
as  there  were  rock  foundations,  there  was  no  difficulty  to  contend  with  beyond  that  of  4  ft.  or  5  ft. 
of  water  in  the  channel  of  the  river  to  reach  the  rock.  The  peculiarity  of  the  skew  with  the  river 
at  this  place  could  have  been  more  easily  provided  for  by  the  adoption  of  iron  girders  from  pier  to 
pier,  but  aa  it  was  found  that  iron  girders  would  be  fully  as  expensive  and  not  so  permanent 
as  a  stone  bridge,  and  as  there  were  admirable  quarries  in  the  neighbourhood,  Joseph  Mitchell,  the 
engineer  of  the  line,  resolved  to  construct  this  bridge  on  a  skew  of  45°  with  the  river,  by  a  series 
of  right-angled  ribs  or  arches  spanning  from  pier  to  pier.  The  bridge  consists  of  five  arches  of 
73  ft.  span  each,  the  arches  being  constructed  of  four  ribs,  each  3  ft.  9  in.  wide ;  the  arch  stones 
are  4  ft.  deep  at  the  springing,  and  3  ft.  deep  at  the  crown.  The  key-stones  of  the  centre  part  of 
each  arch  were  made  to  connect  with  each  other,  as  were  the  stones  in  the  haunchings  of  the 
arches,  and  some  cramps  of  iron  were  inserted  at  the  joints  to  connect  the  ribs.  The  work  was 
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successfully  accomplished,  and  constitutes  a  very  perfect  piece  of  bridge  masonry.  The 
length  of  the  bridge  is  540  ft.,  and  the  height  45  ft  from  the  bed  of  the  river.  The  north 
abutment  is  founded  304  ft.  lower  down  the  river  than  the  south.  The  whole  bridge  was  con- 
structed for  a  single  line  of  rails. 

J.  A.  Roebliny'a  System  of  Bridye-buMing :  the  ParaboTtc  Truss. — Let  acb  and  a  db,  Fig.  1426,  repre- 
sent parabolic  curves  of  the  same  deflection  and  span.  The  upper  curve  forms  an  upright  arch,  which 
presses  against  the  points  a  and  b.  If  these  points  are  connected 
by  the  chord  a  6,  and  this  chord  balances  the  pressure  at  a  and  6, 
the  chord  and  the  arch  will  be  in  equilibrium  and  at  rest. 

The  inverted  parabolic  arch  a  d  b,  freely  suspended  between 
a  and  6,  will,  on  the  other  hand,  produce  an  inside  pressure  upon 
these  two  points  of  support.  If  the  two  arches  are  equally  and 
uniformly  loaded,  their  strains  at  a  and  6  will  be  the  same,  and 
in  the  directions  of  their  respective  tangents  a/,  &/,  and  a  e,  e  b. 
We  may  therefore  remove  the  chord  a  6,  and  in  its  place  suspend 
the  arch  a  d  b ;  then  th^  outward  pressure,  exerted  by  the  upright 
arch  upon  a  and  6,  will  be  met  and  balanced  by  the  inward  pres- 
sure at  a  and  6,  produced  by  the  suspended  arch  a  d  b.  The 
two  arches  are  therefore  in  equilibrium,  without  any  inter- 
mediate chord. 

In  a  bowstring  girder  or  arch  nearly  the  same  amount  of  material  must  be  expended  in  the 
chord  a  6  which  is  required  in  the  arch  itself.  But  the  chord  adds  nothing  to  the  supporting 
power  of  the  arch.  On  the  other  hand,  by  suspending  the  subverted  arch  a  d  6,  we  may  dispense 
with  the  chord,  and  at  the  same  time  we  have  doubled  the  supporting  power  of  the  system.  The 
great  economy  of  the  parabolic  beam  is  therefore  apparent  at  a  glance.  All  that  is  required  in 
practice  is  to  provide  sufficient  panelling,  and  light  bracing  inside  of  the  arches,  in  order  to 
preserve  their  form  and  equilibrium  under  variable  loads.  It  will  be  shown  hereafter  that  a  greater 
amount  of  material  must  be  expended  to  obtain  the  same  strength  in  other  systems  of  girders 
and  trusses. 

To  ascertain  the  forces  of  tension  and  compression  at  a  and  6,  produced  t>y  the  upright  and 
suspended  arch,  draw  the  parallelogram  afbe,  the  sides  forming  tangents  to  the  curves.  The 
pressures  caused  by  the  upright  arch  will  then  be  represented  by  a  /  and  6  /,  and  the  tension 
caused  by  the  suspended  arch  is  measured  by  a  e  and  6  e.  Suppose  the  weight  W  to  represent  the 
whole  weight  of  the  upright  arch,  then  this  weight  will  act  through  the  linear  braces  /  a  and  /  6 
upon  a  and  6,  and  its  relative  magnitude  is  represented  by  the  diagonal  /  E,  which  is  the  resultant 
of  the  two  forces  fa  and  fb.  Let  the  pressure  at  a  or  b  be  denoted  by  P,  then  is  W  :  P  =  e  f  '.  af; 

and  therefore,  P  =  W  — — .    Let  x  represent  the  deflection,  or  verse  sine,  g  c  or  g  d,  y  —  half  the 

e  f 
chord  a  g  or  g  b ;  and  suppose  the  curves  to  be  parabolas,  then  g  c  will  be  equal  to  c  /,  or, 

x  =  \gf  =  \  g  E ;  and  ~aj*  =  ~ag*  +77*  =  V*  +  4  *2,  or,  a  /  =  V  y2  +  4  x2.    Substituting  this 

W      , 

value  in  the  equation  for  P,  and  4  x  for  e  f,  we  have  P  =  -j —  v  y2  +  4  x  *.    The  tension  T, 

caused  by  the  suspended  cable  at  a  and  6,  is  equal  to  P,  and  found  by  the  same  formula. 

As  an  example,  let  us  suppose  the  span  of  the  arch  to  be  500  ft.,  its  verse  sine  50  ft.,  and  its 
total  weight  500  tons ;  to  find  the  pressure  or  tension  at  the  points  of  support,  we  then  have 


500   A  / s     —* 

250  +  4  x  50 . 


4  x  50 


P  -.  500  X 


269-25 


200 
P  =  670  tons. 


=  500  x  1-34. 


The  figure  1  •  34  represents  a  variable  coefiBcient,  which  is  dependent  upon  x  and  t/,  but  independent 
of  the  weight  W.  We  may  therefore,  for  convenience  sake,  compose  a  table  of  coefficients  which  will 
facilitate  rapid  calculations.  The  following  Table  gives  the  coefficients  for  versed  sines  of  ^  of  the 
span  to  -jij  :  — 


V.  S. 
Coe. 


1-118    1-23    1-346    1-463    1'58   -1'70    1'82    1'94. 


As  an  example,  suppose  a  span  of  1000  ft.,  verse  sine  ^,  01  125  ft.,  and  load  1000  tons.    The 
coefficient  of  pressure  or  tension  in  the  Table  is  1  •  118,  therefore  the  pressure  or  tension  is 

1000  x  1-118  =  1118  tons. 

As  another  example,  suppose  the  same  span  and  load  with  a  verse  sine  of  -^  of  the  span  = 
66  •  66  ft.,  then  the  coefficient  in  the  Table  is  1  •  94,  and  therefore  the  pressure  or  tension  is 

1000  x  1-94  =  1940  tons. 

It  may  be  necessary  to  calculate  the  exact  length  of  the  arch,  suspended  or  upright,  measured 
by  the  curve. 


/  4 

Let  Z  denote  one-half  the  length  of  the  curve,  then  is  Z  =    v    y-  -f  — 

o 


This 


formula  applies  to  a  parabola,  and  is  much  more  simple  than  the  formula  for  a  true  catenary.    It 
is  sufficiently  correct  for  practice,  provided  x  is  not  greater  than  y. 

To  determine  the  deflection  x  from  the  length  of  the  curve  and  of  the  span,  the  following 
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equation  will  answer:  i  =  v  --  (Z*  — »•). 

rise  or  fall  of  an  arch,  due  to  iU  expansion  or  contraction    ^. 

lliia  diagram  represents  half  a  p+raMa.  with  tU  ordinals*  nH 

property  of  the  parabola  that  x  :  *'  =  y»  :  y'»;  from  this  we 

and  so  on.     When,  therefore,  r  and  y  are  known,  we  ma  ea)r«k*ls>  UM  e»viaaass  a'  r".  *~  *-  aW 
any  abscissa.    This  will  enable  na  to  by  down  Ute  <mrv«  of  tW  aarfcat  esak  «  to  -•-'-  '-' 

l.-iiL-t h  of  suspenders  for  the  suspended  cable. 

To  ascertain  the  compreaaion  of  the  arrh  at  iU  crown  «-.  Fig.  14JB,  or  th*  tswsasa  «f  UM  aataa 
nt  it-  !-.u.  -t  |.  mt  d,  draw  the  lines  «k  and  fra  parallel  tDj»aad*«alFts: 
diagonal  6<-  represents  the  strain  at  fc.  whil-  t  A 
represents  the  horizontal  (train  at  </  or  <-.  and  i  4 
represents  the  vertical  pressure  produced  upon  t  *» 
or  n,  either  by  the  arch  or  cable.    *  A  bring  i«jual 
to  c  d  or  2  T,  of  course  the  Mini  of  the  vertical  pres- 
sure* at  i  and  6  is  equal  to  the  whole  weight  of 
the  arch  or  W. 

In  a  similar  manner  can  the  rnmpreaikjii  at 
i  of  the  arch  be  ascertained  at  any  other 
l-.int  of  tin-  curve  by  simply  laying  down  a  tangent  and  drawing  owl  Ha  paimOafe«lMK     Tk» 
tension  or  compression  u  thus  found  to  increase  gradually  fruca  the  enUv  to  tto  paawts  tt 
support. 

Uy  laying  down  the  corves  accurately  on  a  large  scalp,  all  the  diflbiwai  straias  M*  b»  wsaHMsl 
by  the  scale  sufficiently  accurate  for  all  practical  p«rf 


General  Itetcriptio*. — The  three  «>|*-ninp»  of  tht«  bridjrr  are  spanned  by  two  rnnffrt  •aMlMwsjs 
parabolic  trnasea,  1184  ft.  in  length,  at  a  distance  of  14  ft  apart  in  the  etaar ;  UM  fksv  WSMM  sW 
M]|.(«>rt  of  the  track  resting  upon  the  lower  chord*.  This  snpscstrw0tw«  is  imly  fitii  «MI  ••• 
of  the  two  middle  piers,  while  it  rests  anon  n>ller-pUtm  on  all  the  rrtasr  pivta.  Tfcto  anaa««^««|. 
t  h.  r.-fore,  admit*  of  free  contraction  and  expansion,  nansad  by  ntufcusa  «/  iMBjpstnlsjpa.  It  wHl  •• 


that  the  towers  which  support  the  cables  on  the  middle  pfaira,  f<m  Inlnml  parts  *4  law 

irpoajttea  h  wai 

tin-  work,  when  affected  by  contraction  or  expansion.    The  nahls 


r.\:i''.].-  structure,  and  consequently  will  change  their 


one  united  system,  all  moving  together  uniformly  when  th 

The  railway  track  is  supported  at  intervals  of  5  ft.  by  rolled  Imn  beams  ef  If  m.  dapea 
21  ft.  5  in.  in  length.    The  rails  rest  upon  wooden  stringers,  IS  x  IS, 
depth  i.y  tin. her  l.riddngt,  6  x  12,  fitted  in  between  the  iron  beama, 
of  '.»  in.  depth  underneath  the  bridging,  suspended  by  bnlta  to  the 


to  the  depth  of  bearing,  which  is  wanted  to  distribute  the  enoomtr»t«l  w,uhi  at  UM  laaamsaHaj 
drivers,  and  thus  diminish  their  kneading  action.  Every  HBDad  etnas  beam  ia  sajspaadsd  to  ate 
cables  by  means  of  suspenders,  but  each  of  the  beams  is  aim  firmly  rivHsd  to  UM  save?  eaw*4s  by 
rivets  of  |  in.  diameter.  This  onion  forms  the  only  oaeaectiag  leak  between  ate  aaatea 


and  the  cablet. 

1  here  is  one  trust  on  each  side  of  the  track,  and  each,  is  doable  tajnaabial  ftam  ami  to  sad. 


Tin-  principal  features,  which  give  mppnrttnjr  strengtk  at  wWl  as 
th.-  an •!..  *.  The  cables,  which  co-operate  with  lh»  arrhea.  are  liisio 
out  mldin-  much  to  stiffncaa.  An  additinoal  snoree  of  stisagta  as  well  as  sUwWes  ia 

ire-rope  staya,  six  on  each  tower;  thees  are  also  vary  •wMssri  M  Mwat^  saVMsjawafsaws 
between  the  spans  under  the  action  of  variable  loads,  and  also  ta  ralsrvtag  li*  ajaWi  at  UM 
haunches,  where  aarittance  is  moat  needed. 

At  the  extreme  end.  of  the  trasses  torn  Ufa*  teal*  wfa*^  atop  a*  a4M  to  ft*  eaVtV 
tionnl  nd  stiflneas  to  those  points. 

At  the  flwt  glance  this  plan  may  appear  a  onmplfa«M  artaatwawaf,  aMaalxac  Its  e«a  aa4  I 

m~  SMaaii ia     U 


maximum  weight  <>f  that  part  of  the 


the  want  of  internal  harmony 
place  of  exhibiting  a  want  of  harmony, 
rative  and 

.-•-:•. 

uniform 
other  tria 


the  ii,»>r  ami  t/.w«-r  forms  a'  fixed  uiangW.    Talastoaale  ayatom  ef  saaym.j 
of  trusting.    Nothing  can  be  mt*v  pertesi,  el 


•  ate 
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In  the  Niagara,  Cincinnati,  and  Alleghany  bridges,  the  conditions  upon  which  the  true  action  of 
stays  depend  are  only  partially  fulfilled,  because  of  the  different  material  of  the  towers  and  the 
neutrality  of  the  floor.  And  yet  with  these  drawbacks,  the  stays  in  these  works  answer  such  an 
admirable  purpose,  that  they  could  not  be  supplanted  by  another  arrangement.  But  in  the  plan 
before  us  all  parts  are  composed  of  the  same  material,  and  are  allowed  to  expand  and  to  contract 
freely,  and  consequently  their  harmonious  action  cannot  be  disturbed  on  that  score. 

Suppose  the  section  of  the  arch  was  doubled,  and  made  strong  enough  to  support  a  maximum 
load  and  the  superstructure ;  and  suppose,  further,  that  its  ends  were  connected  by  a  chord  strong 
enough  to  resist  the  thrust ;  all  that  would  then  be  needed  would,  by  common  consent,  be  span- 
drils  of  sufficient  stiffness  to  preserve  its  form  under  the  action  of  variable  loads.  No  engineer 
would  doubt  the  stability  of  this  simple  arch.  Now,  in  the  plan  before  us,  we  employ  the  game 
arch,  but  of  only  half  the  section.  This  deficiency  of  strength  is  made  up  by  the  suspended  arch ; 
and  in  place  of  heavy  spandrils  we  introduce  a  light  panel-trussing  throughout  its  whole  extent, 
which  will  be  found  more  effective  in  reality  than  any  system  of  spandrils  can  possibly  be  made. 
This  panel-trussing,  judging  from  experience  on  the  Niagara  Bridge,  will  be  found  abundantly 
effective  to  preserve  the  form  of  the  arch.  If  there  were  no  adjoining  spans,  and  if  there  were  no 
n  'vssity  for  towers  for  the  support  of  the  cables,  nothing  more  would  be  needed.  But  the  towers 
being  there,  the  application  of  stays  becomes  at  once  one  of  the  most  economical  as  well  as  most 
efficient  means  to  still  further  secure  the  stability  of  the  whole  system.  Only  fourteen  panels  are 
left  without  stays  in  the  centre  opening,  reducing  this  distance  to  280  ft.  In  this  space  the  arch 
and  the  panel-work  have  to  maintain  their  form  alone,  not  counting  upon  the  assistance  of  the 
cables.  With  reference  to  stiffness  alone,  the  plan  before  us  may  also  be  considered  in  the  light 
of  a  simple  bowstring-girder,  with  this  difference  in  favour  of  the  Parabolic  Truss,  that  the 
haunches  of  the  arch  are  greatly  assisted  by  the  stays. 

The  harmony  of  action  between  the  arches  and  cables,  when  under  the  influence  of  variable 
loads,  now  remains  to  be  considered.  Inside  of  the  space  of  the  central  opening,  between  the  two 
longest  stays,  a  distance  of  280  ft.,  a  want  of  uniformity  of  action  is  utterly  impossible,  because  the 
least  impression  upon  the  arch  will  be  equally  felt  by  the  cable  throughout  its  whole  extent,  and 
will  be  checked  by  the  upward  resistance  of  the  superstructure.  As  the  cable  becomes  depressed, 
every  other  point  tends  to  rise,  but  is  prevented  by  the  weight  and  stiffness  of  the  truss,  the  arch, 
and  the  panels.  Considering  now  that  the  weight  of  the  middle  span  is  640  tons,  the  local  impres- 
sion made  by  a  40-ton  locomotive  will  be  no  more  than  is  due  to  the  natural  elasticity  of  the  material 
composing  the  truss.  The  cables  being  the  most  sensitive  members  of  the  system,  their  action  will 
greatly  tend  to  spread  every  local  impression  over  a  large  extent,  and  thus  neutralize  its  effects  by 
engaging  all  parts  of  the  system  to  resist. 

So  far  as  the  stays  extend,  no  local  depression  whatever  can  be  produced,  because  every  attach- 
ment of  stay  forms  a  fixed  point,  which,  in  connection  with  the  arches,  cables,  and  panel-braces, 
will  be  found  sufficiently  rigid  to  resist  the  severest  local  action  beyond  that  due  to  the  natural 
elasticity  of  the  materials.  Roebling  is  positive  in  this  statement,  because  his  observations  on  the 
suspension-bridges  he  built  fully  justify  him  in  making  it.  If  any  one  will  take  the  trouble  to 
scrutinize  the  action  of  the  Niagara  Bridge  under  the  passage  of  a  single  heavy  locomotive  and 
tender  with  sufficient  care  and  attention,  and,  by  means  of  a  level  placed  in  one  of  the  towers,  will 
observe  the  progressive  depressions  of  that  structure,  which  take  place  from  the  tower  toward  the 
centre,  he  will  discover  scarcely  any  depression  inside  of  the  reach  of  the  stays.  Beyond  the  stays, 
toward  the  centre,  the  depression  increases  rapidly,  and  becomes  greatest  in  the  centre.  Similar 
facts  will  be  noticed  on  the  Cincinnati  Bridge,  under  the  action  of  a  number  of  heavily-laden  „ 
teams,  following  each  other  in  close  succession. 

The  cables  and  stays  are  securely  fixed  upon  the  cast-iron  saddles,  which  are  mounted  upon 
the  tops  of  the  wrought-iron  towers  by  means  of  cushions,  held  down  by  screws.  The  height  of 
the  towers  being  62  ft.  above  the  base,  and  the  supporting  columns  of  an  elastic  material,  they 
will  yield  a  little,  when  one  span  is  fully  taxed  with  a  maximum  load,  while  the  adjoining  spans 
are  empty.  This  yield  will  be  imperceptible  to  the  eye,  but  will  no  doubt  be  susceptible  of  mea- 
surement. And  as  this  movement  will  not  result  from  the  free  working  of  the  different  members 
of  the  system,  but  will  be  entirely  due  to  the  elastic  yield  of  the  materials,  it  may  be  repeated 
indefinitely  without  impairing  the  integrity  and  safety  of  the  structure. 

Since  wire  possesses  a  much  greater  degree  of  elasticity  than  bar-iron,  one  very  great  advantage 
of  the  cables  and  stays  will  be,  that  ordinarily,  when  not  taxed  by  any  load,  the  greater  part  of 
the  weight  of  the  structure  will  be  borne  by  the  wire.  Under  the  action  of  light  loads,  the  cables 
and  stays  will  continue  to  bear  the  greater  share ;  but  when  taxed  with  heavy  trains,  then  the 
arches  will  also  receive  their  full  proportion.  When  the  structure  is  relieved,  the  cables  and  stays 
will  again  contract  and  support  the  largest  share.  And  so  long  as  this  process  is  kept  within  the 
limits  of  natural  elasticity,  allowing  for  an  ample  margin,  the  structure  will  remain  perfectly  safe 
and  intact. 

Each  of  the  two  cables  is  represented  as  composed  of  nineteen  wire-ropes.  Ropes  will  be  found 
in  practice  to  be  the  most  economical  means  of  forming  the  cables,  also  the  easiest  to  put  up,  and 
the  quickest.  Cables  made  of  wire  laid  parallel  may  also  be  constructed  by  those  who  have 
experience  in  this  process,  and  know  how  to  make  a  good  cable ;  but  the  same  amount  of  wire 
laid  parallel  into  cables  will  give  less  strength  than  the  same  amount  of  wire  laid  into  rope, 
provided  the  lay  in  the  latter  is  long,  and  that  its  manufacture  has  been  conducted  with  the 
necessary  care  and  proper  machinery.  It  is  impossible  to  obtain  perfectly  uniform  tension  in  a 
parallel  cable,  but  it  is  possible  to  do  so  in  a  rope.  The  cost  of  the  two,  per  pound,  will  be  about 
the  same,  and  of  course  the  strongest  should  be  preferred. 

In  place  of  making  the  cables  of  wire,  they  can  also  be  made  of  iron  or  steel  bands,  provided 
the  bands  are  rolled  full  length,  so  that  they  can  be  laid  into  the  cable  without  splicing.  The 
rolling  of  bands,  say  4  in.  wide  and  J  in.  thick,  and  1000  ft.  or  more  in  length,  is  a  process  which 
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has  never  been  attempt- 
ed. But  this  process  is 
perfectly  practicable  on 
a  continuous  mill  con- 
structed on  the  same 
principle  as  is  Bedaon's 
train. 

The  greatest  depth  of 
the  superstructure  in  the 
central  span  ia  44  ft, 
while  its  width  is  only 
21  ft.  5  tn.  It  id  plain 
that  this  width  is  not 
enough  to  ensure  suffi- 
cient lateral  stability  in 
heavy  storms,  or  to  pre- 
vent all  horizontal  oscil- 
lations under  the  passage 
of  rapidly-moving  trains. 
It  must  be  observed  that 
we  are  explaining  the 
principle  of  Roebling  on  a 
liridut  with  acentre open- 
ing of  500  ft.  and  two  side 
openings  of  300  ft.  each 
in  the  clear  at  low  water. 
Where  one  or  two  tracks 
are  wanted  for  the  ac- 
commodation of  common 
travel,  in  connection  with 
railroad  traffic,  either  tho 
floor  for  common  travel 
may  be  placed  overhead, 
above  the  railroad  floor, 
or  on  the  same  level.  If 
the  latter  arrangement  is 
preferred,  then  an  in- 
creased width  becomes 
necessary,  and  this  will 
still  more  add  to  horizon- 
tal stability.  To  ensure 
lateral  strength,  Figs. 
1428,  1429,  two  wire- 
cables  in  horizontal  para- 
bolic curves  have  oeen 
laid  down,  anchored  to 
one  of  the  piers,  sus- 
pended to  the  lower  floor 
and  fastened  at  intervals 
to  the  beams,  which  will 
ensure  an  ample  degree 
of  safety  under  all  cir- 
cumstance*. These  hori- 
zontal cables,  forming 
one  system  with  the  floor- 
ing, will  expand  and  con- 
tract alike  with  the  su- 
perstructure ;  they  can 
consequently  be  screwed 
up  tight,  to  ensure  their 
efficiency. 

The  top  chords  as  well 
as  the  arches  are  suffi- 
ciently braced  among 
themselves,  horizontally, 
to  impart  to  the  super- 
structure  a  degree  of  in- 
ternal rigidity:  and  the 
same  system  in  »l*o  «"ar- 
ried  out  vertically  be- 
tween opposite  posts, 
overy  20  ft..  BO  far  as  the 
arches  ru«  o&ot*  the  top 
chords. 

Supporting  Po*rr  of 
Stayi. — The  plan  of  stays 
ia  illustrated  by  Fi*. 
1480 :  a  6  represent*  the 
tower:  ah,  the  floor,  at 
right  angles  to  it .  and  5  c, 
b<i,  &/,  6 «/,  and  6  A.  are  the 
six  stays,  their  respective 
lengths  marked  in  feet, 
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fractions  omitted.    It  is  plain  that  the  supporting  power  of  the  different  stays  is  measured  Ly 
the  ratio  of  the  height  of  tower  to  their  different     i  HSO. 

lengths.     Thus,  if  we  denote  the  supporting  power 
of  the  stay  be  by  P,  its  ultimate  strength  by  U,  we 

have  P  :  U  : :  60  :  63;   and  P  =  U  ^- 

In  the  same  way]  for  6  d,  P  I  U  : :  60  :  72 ;  and    $ 

p-u6-?. 

U72 

The  ultimate  strength  of  each  of  these  stays  is 
assumed  equal  to  100  tons,  and  we  therefore  get 
their  supporting  power  as  follows : — 

For  be          = 
bd          = 
be 
bf 
bg 
bh 

Total  supporting  power  of  6  stays,  in  tons 

„        24 
Allow  £  of  ultimate  strength 

Each  stay  produces  a  horizontal  strain  upon  the  lower  chord,  which  is  to  its  supporting  power 
or  vertical  action,  as  is  the  base  of  the  triangle  to  its  height.  Thus  the  horizontal  action  of  the 
stay  6  c  is  represented  by  the  base-line  a  c  =  20,  and  its  vertical  action  by  a  6  =  60,  and  its  direct 
action  by  6  c  =  63.  If,  therefore,  the  horizontal  action  is  denoted  by  #,  we  find  its  value  for 

Tons. 

x  =  100  X    fS  =  31-74 

x  =  100  x    j$  =  55-55 

x          =  100  x    |$          =          70-58 

x          =  100  x  ^  =  80-00 

x          =  100  x  ¥$          =          85-47 

x          =          100  x  fiS          =          89-55 


U 

c 

d,         e-         f        y 

TV 

Tons. 

30          •*- 

63 

=            95-23 

30          -5- 

72 

83-33 

30          -4- 

85 

=  "         70-58 

)0          -t- 

100 

=            60-00 

30          -4- 

117 

51-25 

30          -4- 

134 

44-77 

ys,  in  tons 

..      ..       405-19 

..      ..     1620-76 

324-15 

Aggregate  ultimate  horizontal  action  of  6  stays,  in  tons        ..      ..     412-89 
Allow* 82-58 


The  weight  of  the  central  span  is,  in  tons 


Tons. 
642 

650 


We  will  assume  it  at  .. 
The  greatest  possible  transitory  load  which  can  be  placed  upon  this  span 
would  be  a  train  of  locomotives,  estimated  at  the  rate  of  1£  ton  a 
lineal  foot,  or  for  a  length  of  500  ft.,  at 750 

Therefore,  aggregate  weight  of  superstructure  and  load     . .       1400 
Deduct  the  supporting  power  of  24  stays,  allowing  i  of  their  ultimate 

strength        324 

Leaves  for  the  support  of  the  arches  and  the  cables    ..      ..       1076 

In  order  to  avail  ourselves  fully  of  the  economical  principle  of  the  Parabolic  Truss,  it  is  very 
evident  that  the  tension  produced  by  the  cables  should  be  exactly  balanced  by  the  compression  of 
the  arches,  because  the  one  supports  the  other.  This  exact  balance  of  the  two  forces  must  exist  at 
the  anchor-plates,  located  at  the  ends  of  the  superstructure,  on  the  abutments,  or  on  the  piers, 
which  serve  as  such. 

These  plates  firmly  hold  the  ends  of  the  cables,  and  at  the  same  time  serve  as  supports  for  the 
ends  of  the  arches.  To  further  simplify  this  investigation  at  its  present  stage,  we  will  assume 
that  if  the  tension  of  the  cables  and  the  compression  of  the  arches  are  equal  to  each  other  in  the 
central  span,  then  also  the  same  balance  will  exist  at  the  anchor-plates.  This  is  not  strictly  the 
fact;  but  for  the  purpose  of  making  the  question  plain,  and  to  avoid  intricate  mathematical 
formulas,  such  as  would  not  prove  palatable  to  the  practical  engineer,  and  would,  moreover,  add 
nothing  to  the  accuracy  of  this  investigation,  but,  on  the  contrary,  would  tend  to  obscure  the 
subject,  at  present,  however,  we  assume  it  to  be  a  fact. 

The  length  of  span  from  centre  to  centre  of  towers  is  530  ft.,  and  the  deflection  of  the  cables  is 
60  ft.  The  ratio  of  deflection,  therefore,  is  1  :  8*83.  From  the  table  of  coefficients,  we  find  the 
ratio  of  weight  and  tension  for  i  =  1  •  23.  It  will  be  near  enough  to  assume  it  here  at  1  •  22. 

The  span  of  the  lowest  tier  of  arches  is  516  ft.,  and  its  versed  sine  or  rise  40  ft.,  and  the  ratio 
of  deflection  is  12*90  ft.  The  corresponding  coefficient  of  compression  in  the  table  we  find  to  be 
1-70  ft. 

Let  us  represent  the  weight  to  be  borne  by  the  cables  by  x,  and  the  weight  to  be  supported  by 
the  arches  by  y,  then  will  be  the  tension  of  the  cables  =  1  '22  x,  the  compression  of  the  archea 
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1  •  70  >/.    And  since  the  condition  is  that  the  t.-nsion  of  the  cable*  should  eqnal  the  compression  of 
the  arches,  therefore  in  l"2->  x  =  T7y.     But  the  aggregate  weight  to  be  U.rne  l.y  th.  »n-h«w  and 
cables  was  found  to  be  1076  tons.    Therefore,  x  +  y  =  1076,  or  y  =  107»!  —  i.  '  SuMir. 
value  in  the  previous  equation,  and  we  have  l-22x  =  1-7  (1076  —  x),  and  x  =  6*26 •  43  tons •  and 
also,  i/  =  1076  -  626-43  =  449 -57  tons. 

From  the  foregoing  we  now  find  that  the  tension  of  the  cable  is  626*43  x  1  '22  =  7G4  -24  tons. 

Compression  of  the  arches  u         ..      449 •  57  X  1*70  =  764 "27  too*, 

both  about  the  same. 

The  question  may  be  asked  here,  why  the  weight  resting  upon  the  arche*  and  cable*  u  not 
equally  divided  ?  If  this  was  done,  then  it  would  be  necessary  to  observe  the  same  ratio  of  span 
and  versed  sine  for  the  cables  as  well  as  for  the  arches.  But  this  would  reduce  the  d«-fl. 
cables,  and  thereby  diminish  their  supporting  power;  or  it  would  increase  the  rise  of  the  arch 
and  make  the  structure  too  top-heavy  and  too  deep  in  the  centre.  On  furtln  r  investigation  it  will 
be  discovered  that  the  proportions  here  assumed  are  efficient  and  economical.  The  more  weight 
thrown  upon  the  cables,  the  cheaper  the  structure  will  be.  But  at  the  same  time  a  certain  amount 
must  be  reserved  for  the  arches,  else  they  will  be  too  light,  and  the  balance  between  the  centra 
span  and  the  side  spans  may  be  endangered  under  the  action  of  heavy  transitory  loads.  Each 
cable  is  composed  of  nineteen  smaller  cables  or  wire-ropes.  The  maximum  tension  of  each  rope  it, 
therefore,  764  -i-  38  =  20- 10  tons. 

Allowing  six  times  the  strength,  we  have  the  ultimate  strength  of  each  rope.  20-10  x  6 
=  120 -60  tons. 

Each  arch  is  composed  of  twelve  channel-bars,  9  in.  deep ;  we  therefore  find  the  maximum 
compression  of  each  of  the  channel-bar*,  704  -4-  24  =  31  •  83  tons. 

Allowing  a  maximum  compressive  force  of  4  tons  to  1  sq.  in.  of  wrought  iron,  we  get  the  section 
of  each  bar,  31-83  -i- 4  =  7-l>6sq.  in. 

In  the  estimate  of  weight  this  section  was  assumed  at  7}  sq.  in.  average,  at  the  same  time 
allowing  25  sq.  in.  section  for  the  top  plates  in  the  centre.  The  compression  at  the  crown  being 
leas,  the  estimate  is  sufficiently  correct  for  the  present 

For  much  larger  spans  than  500  ft.,  it  may  be  found  more  economical,  and  at  the  same  time 
safer,  to  employ  a  mild  steel  for  the  arches,  and  also  to  manufacture  the  cables  out  of  cast-steel 
wire.  But  it  would  be  a  mistake  to  do  so  in  this  plan,  because  the  weight  of  the  structure  would 
thereby  be  too  much  reduced  for  safety,  and  its  cost  would  be  enlarged.  To  ensure  a  proper  degree 
of  stability  between  the  spans  under  the  action  of  heavy  transitory  loads,  the  weight  of  the  struc- 
ture should  not  be  less  than  1  ton  to  a  foot  lineal,  for  a  single-track  railway,  on  the  supposition 
that  the  maximum  transitory  weights  do  not  exceed  1^  ton  the  foot.  In  this  country. 

2  tons  a  foot  are  required  by  law,  a  greater  weight  of  structure  will  be  needed  in  proportion.    Hut 
for  the  railway  traffic  of  America,  an  allowance  of  3000  Ibs.  maximum  load  for  single  track  is 
amply  sufficient. 

The  cables  of  the  side  spans  form  portions  <n  the  same  curve  as  those  of  the  middle  span.  The 
only  difference  is,  that  they  are  cut  off  62  ft.  beyond  the  centre.  An  exact  half-span  would 
measure  265  ft.  from  centre  of  tower  to  end  of  truss.  But  the  actual  length  of  the  truss  is  02  ft. 
more,  which  makes  327  ft.,  the  object  being  to  make  the  side  span*  about  300  ft.  in  the  clear  nt 
low-water  mark.  Whether  the  cable  is  anchored  at  that  point  or  is  continued,  its  tension  will  not 
vary,  provided  its  weight  or  load  per  unit  of  length  remains  the  same.  In  proportioning  the  arches 
of  the  side  spans,  two  conditions  nave  to  be  fulfilled.  Their  horizontal  thrust  at  the  foot  of  the 
towers  must  balance  the  horizontal  pressure  caused  by  the  arches  of  the  central  span.  Secondly, 
tl:i-ir  horizontal  pressure  against  the  anchor-plates  must  balance  the  horizontal  teuton  of  the 
cables  at  those  points.  These  two  condition*  vsill  determine  tin-  proportions  of  the  arches  as  well 
as  the  length  of  the  spans.  If,  on  the  other  hand,  the  length  of  span  is  fixed,  we  can  also  propor- 
tion the  arches  and  cables  so  as  to  fulfil  the  above  conditions.  An  easy  and  practical  method  for 
a  preliminary  investigation,  U  to  lay  down  the  curve  of  the  tal.l. .  then  « •  n.-trurt  a  full  arrh, 
similar  to  the  central  arch,  on  thick  drawing- patter,  rut  out  its  curved  outline  and  lay  it  down 
upon  the  plan ;  then  try  its  various  positions,  to  find  out  approximately  what  length  of  span  and 
what  proportions  will  about  suit  This  examination  made,  we  can  then  calculate  the  proportions 
of  the  arch,  its  supporting  power,  and  its  pressure  at  the  foot  and  at  the  anchor-plate.  This  pro- 
cess, repeated  a  few  times,  will  bring  us  near  enough  to  the  exact  ipmntiti. -  wl.i.-li  an  required. 
A  practical  method  like  this  will  be  found  much  more  satisfactory,  and  at  the  same  time  easier 
and  more  certain  than  the  use  of  complicated  equations. 

I'.y  lowering  the  anchor-plate,  we  shorten  the  cable  until  we  have  reached  its  centre,  which 
forms  an  exact  half-span.  liy  mi.-ini;  the  anchor-plate,  we  lengthen  out  the  span,  and  the  greatest 
1. -nirtli  will  t>e  obtained  when  the  plate  is  at  the  level  of  the  upper  chord.  In  that  case  the  arch 
would  have  to  rise  atotw  the  upper  chord.  On  the  other  hand,  we  can  abo  reduce  this  spaa  to  less 
than  a  true  half-span  by  moving  the  anchor-plate  bark  until  we  meet  the  upper  chord.  This  point 
of  int. -reection  will  then  have  a  strong  tendency  to  rise,  which  mast  be  met  by  anchoring  to  the 
masonry  in  such  a  manner  that  contract**  and  expansion  from  changes  of  temperature  will  not 
be  interfered  with. 

Strain*  in  Arche!  end  CabUt.— The  tresses  of  the  aide  mans  are  827  ft.  tang,  measiued  from  tho 
rcntr.  of  tower.  The  arches  of  the  side  span  form  part  of  a  curve  whose  chord  is  852  ft  in  length 
with  a  versed  sine  of  18*8  ft.  The  ratio  of  deflestion  to  span  is  therefore  as  1  :  18-72,  and  the 
coefficient  of  compression  2*4. 

The  greatest  weight  npon  the  arches  of  the  central  span  is     490  tons 
Or  per  f—t  lineal,  450-1-500=       ..  ..         0'9  „ 

The  weight  upon  tho  m'do  arches  will  be  nearly  the  same  per  lineal  foot,  and  we  will  compute 

•j  |  : 
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their  compression  by  supposing  their  whole  length  weighted  down  at  the  same  rate.  This  gives  a 
total  weight  of  352  x  0'9  =  31  6'  8  tons.  Hence  their  compression  at  the  foot  of  tower, 
316-8  x  2  -4  =  760-  32  tons. 

To  illustrate  : 

'Let  de,  Fig.  1432,  represent  half  the 
chord  of  the  central  arch,  258  ft.  long, 
ef  twice  the  height  of  its  rise,  equal  to 
80  ft.,  then  the  hypothenuse  df  will  form 
a  tangent  to  the  arch,  and  will  measure 
270,  omitting  fractions.  Now,  the  com- 
pression of  this  arch  is  represented  by  df,  its  horizontal  thrust  by  de,  and  its  vertical  pressure 
by  fe.  Consequently,  we  find  the  horizontal  thrust  of  the  central  arches  (since  the  compression  is 
449-57  X  1-70) 


764  :  x  ::  270  :  258*  = 


764  v  2*58 


,or*  =  730  tons. 


Also  let  a  b,  Fig.  1431,  represent  half  the  chord  of  the  side  arch,  equal  to  176  ft.,  and  a  c  its  double 
rise,  equal  to  37  "6,  then  b  c  represents  the  tangent,  and  will  measure  180  ft.   The  horizontal  thrust 

of  the  arch  is  then  found,  760  :  x  =  180  :  176  x  =  — -— =  743  tons.    There  is  a  difference  of 

loO 

13  tons  on  the  part  of  the  side  arch,  which  is  readily  met  by  the  strength  of  the  lower  chord  and 
the  stability  of  the  foot  of  the  tower. 

Again,  let  Fig.  1433  represent  a  rectangular  triangle,  where  a  b  is  one-half  of  the  main  span 
or  265  ft.,  6  c  twice  the  versed  sine  of  the  cables  or  120  ft.,  then  a  c  is  the  tangent,  equal  to  291, 
and  renresents  the  tension  of  the  cable,  while  a  6  is  its  horizontal  force,  and  6  c  its  vertical  pressure. 

265  x  764 
We  therefore  find  the  horizontal  force  or  x ;  291  :  265  : :  764  :  x  = ^r—-  =  696  tons. 

143°. 

265' 


In  Fig.  1434,  let  a  be  the  centre  of  the  anchor-plate,  a  d  &  horizontal  line  40  ft.  long,  b  c  vertical 
to  it ;  then  make  do  =  7'25,  and  d  b  =  4-0,  a  c  will  be  =  40-65,  and  ab  =  40-20  ;  ac  represents 
the  tangent  of  the  arch,  and  a  6  the  tangent  of  the  cable.  In  order  to  find  the  horizontal  force  of 
the  cable  and  arch  at  a,  we  must  first  ascertain  their  relative  tension  and  compression  at  this  point. 

Tons. 

The  tension  of  the  cable  at  the  top  of  the  tower  is        764 

And  in  the  centre  of  the  curve 696 

Difference • 68 

The  decrease  of  tension  being'  nearly  uniform,  we  find  the  tension  at  the 

ancaor-plate  about 712 

The  compression  of  the  arch  at  the  tower  is 760 

And  at  the  centre                                                                      . .      743 


Difference  

The  compression  at  the  anchor-plate  we  find  about       747 

We  can  now  ascertain  the  horizontal  force  of  the  cable  at  the  point  a : 

710  v  40 

712  :  x  =  40-20  :  40-00 x  =  =  708  tons. 

40  *  2t 

In  the  same  way  the  horizontal  thrust  of  the  arches  is  found : 

747  v  40 

747  :  *  -  40-65  :  40  x  =      '  *       =  753  tons. 
40'65 

The  horizontal  pressure  of  the  arches  is  therefore  27  tons  greater  than  the  horizontal  force  of 
the  cables.  This  excess  is  easily  met  by  the  resistance  of  the  framing,  composed  of  the  upper  and 
lower  chords,  and  by  the  action  of  the  abutment-stays.  A  few  light  tie-rods,  extending  from  the 
anchor-plates  to  the  lower  chords,  will  also  balance  this  excess.  But  if  there  was  a  necessity  to 
establish  an  exact  balance  between  the  horizontal  action  of  the  arches  and  cables,  without  changing 
the  length  of  span,  all  that  would  be  required  is  to  shorten  the  full  chord  of  the  arch,  and  to 
increase  its  versed  sine  a  few  feet,  which  change  would  pass  them  through  the  upper  chord.  This 
change  is  not  desirable,  but  may  be  met  by  increasing  the  height  of  the  trusses  to  the  same  extent. 
Koebling,  however,  prefers  to  leave  the  proportions  as  they  are,  because  the  ends  of  the  side  spans 
will  be  found  in  practice  to  need  more  stiffness  than  other  parts  of  the  work,  and  this  will  be 
obtained  by  an  increase  of  stiffness  in  the  arch. 

To  add  still  more  to  the  stiffness  of  the  ends,  four  light  wire-rope  stays  or  ties  have  been  intro- 
duced, of  sufficient  strength  to  prevent  oscillations.  To  meet  the  horizontal  action  of  these  stays 
an  excess  of  strength  will  be  found  in  the  upper  and  lower  chords.  Another  object  of  these  stays 
is  to  resist  the  downward  pressure  of  the  three  wire-rope  stays  below  the  floor.  The  object  of  these 
stays  is  threefold.  First  they  will  assist  in  preventing  oscillations  from  passing  loads ;  secondly, 
they  will  resist  the  uplifting  tendency  of  heavy  storms  and  hurricanes ;  and,  thirdly,  they  will 
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greatly  assist  the  free  and  easy  expansion  of  the  structure  caused  by  a  great  increase  of  temperature. 
Such  assistance  is  desirable  in  case  of  a  single-track  bridge,  when  care  must  be  had  to  provide 
enough  safeguards  to  maintain  lateral  stiffness  and  to  prevent  the  structure  from  getting  out  of 
line.  The  great  tendency  of  the  cables  to  assume  a  vertical  plane  will  of  course  contribute  very 
much  to  the  horizontal  stability  of  the  arches,  but  it  is  still  advisable  to  avail  ourselves  of  such  a 
cheap  and  effective  auxiliary  as  will  be  provided  by  these  under-floor  stays.  Their  tension  should 
be  adjusted  so  that  a  maximum  contraction  in  the  winter  caused  by  their  own  shrinkage  ami  the 
shortening  of  the  superstructure  will  not  overtax  their  strength.  But  it  will  be  observed  that  tho 
tighter  they  are  the  more  power  they  will  possess  to  pull  the  structure  back,  when  an  increase  of 
temperature  occurs.  On  that  side  of  the  main  span,  where  its  whole  length,  together  with  one 
side  span,  expands  and  contracts  in  one,  still  longer  stays  may  be  applied,  if  it  should  be  found 
desirable ,  and  also  heavy  weights  suspended  to  it  to  give  them  more  deflection  without  an  increase 
of  tension,  and  thus  to  render  them  more  efficient  and  safe  in  the  performance  of  their  task. 

The  ends  of  the  trusses  are  further  secured  vertically,  as  well  as  laterally,  by  two  wire-ropes, 
one  on  each  side  of  the  structure,  anchored  to  the  pier  by  joints,  which  will  admit  freely  of  the 
movement  of  the  upper  ends,  where  they  are  fastened  to  the  top  chords,  in  accordance  with  tho 
contraction  and  expansion  of  the  structure. 

Statical  Condition  of  the  Structure  under  ike  Action  of  variable  Loads. — Suppose  a  maximum  transitory 
weight  of  750  tons  evenly  distributed  over  the  whole  length  of  the  central  span,  and  no  loads  upon 
the  side  spans,  what  will  be  the  statical  condition  ? 

The  following  Table  exhibits  the  relative  portions  of  weight  borne  by  tho  stays,  the  cables,  and 
the  arches  of  the  central  span  when  taxed  with  a  maximum  load,  including  superstructure. 


Borne  by  stays     .  . 
„        cables   .. 
„        arches  .. 

Total        ..     .. 

Weight  of 
Superstructure. 

Traniitory 
Load. 

Total 
Weight 

IBM 
150 
290 
210 

ton*. 
174 
336 
240 

torn. 
324 
626 
450 

650 

750 

1400 

We  will  first  consider  the  action  of  the  stays.  This  action  is  twofold  :  first  they  exert  a  force 
upon  the  top  of  the  tower,  which  may  be  resolved  in  a  horizontal  and  vertical  direction,  and  will 
be  fully  considered  hereafter.  Secondly,  their  force  produces  a  horizontal  tension  as  well  as 
compression  upon  the  lower  chords.  Now,  as  there  is  a  system  of  stays  on  each  side  of  the  tower, 
if  their  horizontal  action  is  the  same,  the  compression  of  the  chords  on  the  one  side  will  be  met  by 
the  compression  on  the  other  side,  and  there  will  be  equilibrium.  But  if  the  side  span  is  relieved 
of  its  transient  load,  while  the  main  span  remains  loaded,  then  the  equilibrium  between  the 
opposite  stays  will  be  disturbed.  The  tension  of  the  stays  on  the  side  span  being  relieved,  the 
top  of  tin-  tower  will  slightly  yield  toward  the  main  span,  as  far  as  will  be  permitted  ov  its  inhcn-nt 
elasticity  and  stiffness.  This  will  partially  restore  the  lost  tension  of  the  stays,  and  the  horizontal 
compression  of  the  chords  will  remain  nearly  the  same.  No  other  change  can  result,  because  the 
stability  of  the  towers  will  be  maintained  by  the  leverage  of  the  side  span,  as  will  appear  hereafter. 

Next,  let  us  consider  the  condition  of  the  central  arches,  under  a  pressure  of  240  tons  produced 
by  the  transitory  load,  without  any  corresponding  weight  upon  the  arches  of  the  side  spans.  The 
compression  at  the  foot  of  the  arches,  caused  by  the  above  weight,  is  240  x  1"  7  =  408  tons,  and 

MB 
the  horizontal  thrust,  Fig.  1432,  408  x  —  =  390  tons. 

The  ends  of  the  arches  being  connected  by  the  lower  chords  and  framing  of  the  floor,  these 
parts  will  be  exposed  to  this  thrust  most  directly.  Allowing  5  tons  maximum  tension  a  sq.  in., 

•;.,() 

'a  section  of  '  —  =  78  sq.  in.  will  bo  required.    Now  the  lower  chords  are  composed  of  eight 

5 

channel-bars  of  7J  sq.  in.  section  each,  making  60  sq.  in.  Add  the  sections  of  the  V  girders, 
underneath  the  tracks,  which  are  brought  into  full  action  by  the  braces  at  the  towers,  18  sq.  in. 
T.'tsil,  7>  iq.  in. 

The  excess  of  pressure  of  tho  central  arches  is  therefore  fully  met.  But  the  three  >pans  form 
one  continuous  truss,  and  consequently  a  great  resistance  will  aim  be  offered  by  the  upper  chords 
;.i..|  i.y  tin-  inherent  stiffness  of  the  whole  structure.  It  is  therefore  plain,  that  no  far  as  the 
MI-.  -In  •*"  are  concerned,  their  stability  and  safety  under  the  action  of  the  heaviest  transitory  loads 
are  sufficiently  secured. 

It  remains  now  to  examine  the  conditions  brought  at>out  by  the  united  action  of  the  cables  and 
stays  when  tPTpd  by  a  p^imum  load  in  tho  main  span,  without  oorrvapouding  loads  in  the  side 

Tam 
834 
410 


The  «  .-iidit  upon  the  cables  censed  by  this  load  is  found  in  the  above  Table 
And  the  tension  at  tho  top  of  towers,  336  x  1  22    ........  .. 


The  horizontal  force  acting  at  the  saddle  in  found  to  I*,  Fig.  1433, 410  x  ^—  m     878 
Add  to  this  the  horizontal  force  produced  by  12  stays 168 

Total 
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Now  this  combined  force  acts  upon  the  top  of  the  towers,  its  height  serving  as  a  lever,  with  a 

tendency  to  lift  the  adjoining  side  span.     The  moment  of  this  force,  therefore,  is  538  x  62  =  33356. 

The  weight  of  superstructure  of  the  middle  span  was  assumed  at  650  tons,  or  per  foot  lineal 

650 

—  =  1-8  ton.    The  weight  of  the  side  span  per  foot  lineal  is  about  1-2  ton.    The  length  of 

the  side  span  is  327  feet.     Consequently  its  total  weight,  327  x  1  -2  =  392*4  tons. 

This  weight  may  now  be  supposed  as  acting  at  the  centre  of  the  span,  and  the  leverage  of  its 
action  in  maintaining  the  stability  of  the  whole,  is  equal  to  half  the  length  of  the  span ;  conse- 
quently the  moment  of  force  is  392-4  x  163-5  =  64157. 

But  the  end  of  the  side  span  is  held  down  and  kept  from  rising  by  the  stays  underneath  the 
floor  and  by  the  two  powerful  wire-rope  braces  which  secure  their  lateral  position.  These  combined 
resistances  may  be  estimated  at 
least  at  100  tons,  and  this  force 
acts  with  a  leverage  equal  to 
the  whole  length  of  the  side 
span;  consequently  its  moment 
is  327  x  100  =  32700. 

Total    moment,    93,857,    or 
nearly  three  times  as  much  as  is 
needed  to  maintain  an  equilibrium. 

The  above  investigations  autho- 
rize the  conclusion  that  this  Para- 
bolic Truss  is  not  only  amply  strong 
in  all  its  different  parts  when  uni- 
formly loaded,  but  that  its  safety  and 
stability  are  also  amply  provided 
for  under  the  variable  action  of 
maximum  loads.  Indeed,  when  com- 
paring the  rates  of  allowances  made 
in  this  plan,  with  those  usually 
observed  with  iron  railway-bridges 
in  this  country,  where  cast  iron  is 
so  abundantly  made  use  of,  it  would 
almost  appear  there  is  an  unneces- 
sary strength  provided  for. 

Boiler-plates. — The  whole  length 
of  parabolic  superstructure  is  1 184  ft., 
and  forms  one  single  continuous 
truss,  whose  integrity  and  continuity 
must  not  be  interfered  with  in  any 
way  whatever.  Hence  the  great  im- 
portance of  providing  for  efficient 
means  to  facilitate  the  free  contrac- 
tion and  expansion  of  the  work  in 
consequence  of  changes  of  tempera- 
ture. The  superstructure  is  perma- 
nently fastened  and  anchored  upon 
one  of  the  middle  piers,  and  from 
this  fixed  point  the  side  span  ad- 
joining is  allowed  to  expand  and 
contract.  A  roller-frame  is  there- 
fore placed  upon  the  abutment,  or 
upon  the  pier,  which  serves  as  such. 
On  the  opposite  side,  the  middle 
span  together  with  the  side  span  con- 
tracts and  expands  as  one  and  con- 
sequently roller-frames  are  placed 
upon  the  second  middle  pier,  as  well 
as  upon  the  abutment. 

No  strife  or  interference  between 
the  different  parts  of  the  structure 
can  take  place  while  this  process  of 
contraction  and  expansion  is  going 
on,  because  all  parts  are  made  of 
the  same  kind  of  material — wrought 
iron  —  and  therefore  the  arches, 
cables,  chords,  and  towers  will  go 
and  tome  in  the  same  relative  ratio. 
When  the  temperature  increases,  the 
chords,  arches,  and  cables  will  in-  j 
crease  their  length,  and  the  whole 
structure  will  be  lengthened  out. 
The  panel  or  truss  posts  will  in- 
crease their  length :  in  the  same 
ratio  the  arches  will  rise  and  the 
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cables  will  rink,  preserving  a  uni- 
form tension  among  the  suspenders 
and  panel-rods.  At  the  same  time 
the  towers  will  raise  their  heads 
and  compensate  for  the  increased 
length  of  cables  and  stays.  The 
whole  truss  may  be  considered  as 
fastened  to  one  metallic  sheet  in  a 
vertical  position,  expanding  or  con- 
tracting in  all  directions. 

A  bar  of  wrought  iron  150,000  ft. 
in  length  will  expand  or  contract 
1  ft.  for  every  degree  of  change. 
Now  assuming  the  extremes  of  tem- 
perature at  150°,  the  extreme  limit 
of  contraction  and  expansion  of  one 
middle  and  side  span,  which  mea- 
sures 857  ft.  in  length,  will  be 

0  •  857  ft.    The  roller-plates  on  that 
abutment  must  therefore  allow  of 
this  much  play.    Whether  the  tem- 
perature of  the  iron  rises  to  120° 
in  a  July  sun,  or  falls  to  30°  below 
zero  in  the  dead  of  winter,  we  are 
sure  that  all  parts  of  the  structure 
will  freely  accommodate  themselves 
to  these  changes,  and  will  never 
fail  on  that  account  to  support  their 
allotted  parts. 

An  inspection  of  the  cross  and 
longitudinal  section  of  roller-plates, 
Fig.  1435,  will  make  their  simple 
construction  perfectly  plain.  Both 
the  upper  and  lower  plates  are  of 
cast  iron;  the  rollers  between  are 
of  wrought  iron.  The  inner  faces 
of  the  plates  must  be  planed  off  true, 
so  that  the  bearing  of  the  rollers, 
which  are  all  turned  off  to  the  same 
diameter,  will  be  even  and  uniform. 
It  is  customary  to  connect  the  rollers 
by  a  frame ;  but  this  is  an  unneces- 
sary expense  and  no  improvement. 
The  edges  of  the  rollers  are  slightly 
rounded  off,  say  }  in.,  and  the  plates 
confine  the  rollers  between  flanges 

1  in.  deep.  These  flanges  are  sloped 
$  in.,  which   prevents  friction  oe- 
tween  them  and  the  rollers.    At  the 
Mime  time  the  slope  is  too  steep  to 
mliiiit  of  the  mounting  upon  it  of 
tli<'  edges  of  the  rollers.    To  ensure 
parallelism  between  the  rollers,  they 
are  placed  together  where  the  pros- 
sere  is  very  great,  and  where  the 
pressure  is  light,  as  in  the  case 
before  us.  they  are  spaced  by  insert- 
ing between  mm  .-trip*  of  seasoned  pine-wood  well  soaked  in  linseed  oil.    With  the  weight  of  the 
Sinn-tun-  up.  ••!  tin-  plates  the  rollers  will  keep  their  relative  position*.    It  is  easier  and  cheaper  to 
ensure  parallelism  on  this  plan  than  by  the  employment  of  roller-frames.    Steel  rollers  are  some- 

i  place  of  iron  rollers.     But  this  is  objectionable  in  connection  with  nut-iron 
Tin-  mil. TH  on  the  towon  of  the  Niagara  Bridge  are  nuule  of  cannon-metal,  and  are  5  in.  in  diameter. 
\VI>.  n  .steel  is  used  for  rollers,  both  plates  should  be  need  with  steel ;  if  not,  then  the  bard  rollers 
will  make  an  impretwion  on  the  softer  oast  iron. 

r  .11,  M  i-xlul.it.  .1.  r..-.  1435.  are  4  4"  long  and  3"  in  diameter.  The  plates  are  V  thick. 
Tin  1'  >wer  plate  is  well  settled  on  a  heavy  bad  of  rich  cement-mortar.  The  wooden  strips  between 
the  p-ll.T-i  UP-  ii"t  r.  presented  on  the  plates  which  support  the  tower.  Figs.  I486,  1487. 

••*.— The  towers  are  62  ft  high  above  the  roller-plates.  Each  lower.  Flip.  1488,  1487,  is 
composed  of  two  shaft*,  which  form  parts  of  the  trasses,  and  are  firmly  connected  with  the  chords 
mi. I  :,r.-!i.  -.  Each  of  the  shafts  is  composed  of  three  columns,  and  each  column  again  may  be 
constnirt. •<!  eith.-r  of  f«ur,  six,  or  eight  sections.  Fig.  1488  exhibits  a  section  of  a  column  com- 
posed of  six  segments.  In  Figs.  I486,  1487,  the  columns  are  drawn  with  four  urgmento  only.  The 
interior  circle  of  th.-  column  in  ammcd  at  !••  in.  The  shafts  being  W  f  high  from  the  roller- 
plat.-  to  the  S.A.I.U".  thn  Noctions  may  he  rolled  about  tO  or  80  ft  long,  so  as  to  break  Joints.  Every 
Joint  must  be  covered  by  a  spliciog-plate  inside.  The  intermediate  plates  which  connect  the 


FRONT    ELEVATION   OP  TOWEft 


712  BRIDGE 

segments,  also  breaking  jointi  with  them,  will  likewise  add  to  the  firmness  of  the  columns.  Both 
ends  of  the  columns  are  to  be  planed  off  true,  and  so  must  be  the  end  of  every  intermediate  piece, 
so  that  every  joint  will  make  a  tight  fit.  The  respective  columns  of  the  opposite  shafts  are  con- 
nected horizontally  by  a  system  of  channel-bars  and  diagonals,  which  will  fully  ensure  their  lateral 
security.  This  is  further  increased  by  two  lattice-beams,  which  connect  the  cast-iron  saddles,  as 
is  plainly  exhibited  in  Fig.  1437.  The  top  roller- 
plate  being  planed  off  on  both  sides,  the  lower  ends  438- 
of  the  columns  will  have  a  fair  level  seat  upon  them. 
The  shafts  are  thus  enclosed  between  the  foot  of  the 
arches  and  the  lower  chords,  and  firmly  connected 
with  them  laterally  by  flat  bars,  angle-irons,  and 
stay-bolts.  When  the  flanges  of  the  inner  channel- 
bars  and  those  of  the  columns  meet  and  interfere 
with  each  other,  they  are  cut  away  for  a  few  inches. 
The  truss-poets  at  the  towers  are  also  firmly  con- 
nected with  the  shafts,  and  so  are  the  upper  chords, 
and  these  connections  will  add  much  to  the  strength 
of  the  structure.  In  the  direction  of  the  trusses  each 
tower  is  further  secured  by  four  lattice-braces  which 
run  between  the  chords  and  arches.  The  stability  of  the  towers  in  this  direction  is  also  increased 
by  the  stays,  and  in  a  lateral  direction  two  powerful  wire-rope  guys  add  to  their  security.  These 
guys  serve  as  anchors,  and  being  hinged  at  the  lower  ends,  will  not  interfere  with  the  free  con- 
traction and  expansion  of  the  structure.  To  guard  against  lateral  vibration  of  the  lattice-braces, 
their  outer  chords  are  strengthened  by  plates  12  in.  wide  and  J  in.  thick,  riveted  to  a  heavy 
"|"-bar  which  connects  with  the  lattice-bars,  Figs.  1560  to  1563. 

It  will  be  noticed  that  the  towers,  forming  one  connected  whole  with  the  trusses  and  arches, 
will  move  freely  on  the  roller-plates  along  with  the  rest  when  affected  by  contraction  and  expan- 
sion on  that  pier  which  is  provided  with  rollew.  On  the  other  piers  the  towers  are  stationary. 

The  greatest  vertical  pressure  upon  one  tower  (two  shafts)  is  equal  to  950  tons.    Allowing  4  tona 

950 
maximum  compression  for  1  sq.  in.  section  of  iron,  we  should  require  —  =  237£  sq.  in.,  or 

118J  sq.  in.  in  each  shaft.  In  place  of  this,  we  have  allowed  a  section  of  150  sq.  in.,  which 
reduces  the  pressure  upon  each  superficial  inch  to  3 '16  tons  at  the  top  of  the  tower.  As  we 
descend,  the  strength  increases  considerably  by  aid  of  the  lattice,  and  when  the  upper  chords  are 
reached  the  strength  is  nearly  doubled.  We  are  therefore  sure  that  ample  allowance  is  made  for 
the  supporting  power  of  the  towers. 

Saddles. — The  saddles  on  top  of  the  towers  are  of  cast  iron,  8  ft.  long  by  3  ft.  6  in.  wide  at  the 
bottom  plate.  The  construction  is  given  in  Figs.  1436,  1437.  The  lower  face  is  planed  off,  so 
that  when  the  top  of  the  columns  is  brought  to  a  level,  the  two  surfaces  will  have  a  fair  and  equal 
bearing.  In  order  now  to  secure  the  saddle  horizontally,  six  small  segmental  plates  are  fitted 
around  each  column,  and  secured  to  the  bottom  of  the  saddle  by  set  screws.  To  do  this,  an  exact 
template  should  be  formed  of  the  top  of  the  shaft,  before  the  saddle  is  hoisted ;  then  the  holes  may 
be  marked  off  for  the  set  screws,  and  sunk  into  the  saddle :  the  small  plates  can  then  be  screwed 
on  to  its  lower  side  before  the  saddle  is  finally  put  in  place. 

The  inside  section  of  the  saddle  is  so  shaped  that  the  wire-ropes  for  supporting  the  cables  and 
stays  will  occupy  their  relative  positions.  Four  ropes  are  placed  in  the  bottom  row ;  they,  together 
with  the  two  outside  ropes  of  the  next  tier,  compose  the  six  stays.  The  next  three  middle  ropes, 
the  second  tiers,  form  the  lowest  layer  of  the  cable. 

Two  forged  pieces  of  wrought  iron  4"  x  6",  with  triangular  pieces  underneath,  are  let  into  the 
four  notches  of  the  sides  of  the  saddle  and  screwed  down  for  the  purpose  of  securing  the  cables  and 
to  prevent  sliding.  This  being  done,  the  cables  and  tower  now  form  one.  When  there  is  a  greater 
strain  on  one  side  than  on  the  other,  the  elasticity  of  the  tower  will  admit  of  sufficient  yield  to 
equalize  the  difference. 

Anchor-plates. — The  end  of  each  cable  is  secured  to  a  cast-iron  plate,  which  at  the  same  time 
serves  for  the  arch  to  butt  against,  and  thus  the  two  are  made  to  balance  each  other.  Figs.  1439 
to  1441  exhibit  views  of  both  faces  of  the  plate,  and  also  a  section  in  which  the  fastening  of 
the  ends  of  the  wire-ropes  is  made  clear.  The  dimensions  of  the  plates  are  4'  2"  x  3'  8",  with 
a  thickness  of  metal  of  8"  in  the  centre  and  3"  around  the  sides,  strengthened  by  ribs.  A  cable 
being  composed  of  nineteen  ropes  or  smaller  cables  (twisted  or  not),  there  are  nineteen  correspond- 
ing holes  for  their  reception.  These  holes  are  conically  shaped,  the  larger  opening  having  twice 
the  diameter  of  the  smaller  one.  Some  of  the  large  openings  are  elliptically  shaped,  in  order  to 
gain  room.  That  face  which  serves  as  an  abutment  for  the  channel-bars,  composing  the  arch,  is 
to  be  planed  off  to  admit  of  a  fair  bearing.  The  weight  of  the  plate  is  supported  by  its  upper 
flange,  which  rests  upon  the  ends  of  the  upper  channel-bars.  A  further  support  is  provided  by 
two  cast-iron  posts  which  fit  against  the  face  of  the  end  truss-posts  and  are  bolted  to  it.  It 
remains  now  to  convey  a  clear  idea  of  the  manner  of  securing  the  ends  of  the  small  cables  within 
the  plate.  This  is  done  by  spreading  apart  the  different  wire-strands  and  wires  which  compose  a 
rope,  and  inserting  a  number  of  iron  points  between  them  in  such  a  manner  that  the  whole  span 
inside  of  the  conical  hole  is  filled  out  solid,  Fig.  1440.  By  these  means  the  end  of  the  rope  is 
swelled  out  into  a  conical  lump  8  in.  long,  which  cannot  slip  out  of  the  plate  without  bursting  it. 

It  is  important  that  these  plates  should  be  cast  of  the  strongest  metal — good,  strong,  cold-blast 
charcoal  metal — such  as  is  used  for  the  manufacture  of  good  car- wheels.  The  points  driven 
in  between  the  wires  may  vary  in  length  as  well  as  in  thickness.  First  drive  in  a  number  of  long 
ones,  6  to  8  in.  in  length,  about  £  in.  in  diameter  at  the  thick  end  and  gradually  reduced  to  a 
point,  filed  off  round  and  dipped  in  linseed  oil  befo*  driving,  to  make  them  go  easy.  Also  pour 
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some  linseed  oil  between  the  wires,  to  make  them  smooth.  The  oil  will  prevent  the  staving  an  of 
the  wires  and  facilitate  the  process.  After  filling  up  the  remaining  spaces  with  shorter  an5  ttu> 
ner  points,  then  cut  off 
the  ends  of  the  wires 
projecting  over  the  plate 
even  with  it,  one  after 
another,  and  bend  their 
ends  to  a  right  angle 
over  the  ends  of  the 
points.  This  being  ac- 
complished, apply  a  clay 
mould  around  the  whole, 
so  as  to  form  a  raised 
rim,  and  pour  in  melted 
lead,  which  will  fill  all 
the  remaining  interstices 
and  make  the  whole  one 
compact  mass.  After  re- 
moval of  the  mould  apply 
the  hammer  to  make  the 
lead  solid,  file  it  smooth, 
and  round  it  off  a  little 
to  give  it  a  finish.  To 
insert  the  ends  of  the 
ropes  without  trouble,  it 
is  necessary  to  wrap  them 
well  with  annealed  wire , 
and  as  the  end  is  forced 
in,  the  wrappings  will  be 
pushed  back. 

Stays. — Similar  to  the 
plan  just  described  is 
the  method  of  fastening 
the  ends  of  the  stays: 
with  this  difference  — 
that  each  stay-rope  has 
a  cast-iron  socket  for 
itself.  This  socket,  to- 
gether with  the  wrought- 
iron  stirrup  which  holds 
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it,  is  represented  by  Figs. 

1  1  12  to  1445.  The  stirrup  is  made  of  round  iron 
If  "diameter,  and  varies  in  length  to  suit  the 
inclination  of  the  stay.  Where  the  stirrup  passes 
around  the  floor-beam,  a  small  segmental  casting, 
forming  a  seat  for  the  stirrup,  is  fitted  againot 
the  beam,  for  the  purpose  of  giving  the  stirrup 
a  fair  bearing.  The  screws  must  be  long  enough 
to  tighten  the  stays.  To  preserve  their  straight 
lines,  they  are  connected  with  the  suspenders  by 
wire  wrappings. 

It  will  be  noticed  that  the  stays  as  well  as 
suspenders,  together  with  the  cables,  are  all  sus- 
peided  in  one  vertical  plane  which  pannes  through 
the  centre  of  the  2-ft.  space  left  open  between 
the  two  rows  of  truss-pouts.  The  crow-ban 
cunnrctinn  each  pair  of  posts  are  not  to  be  put 
up  until  the  stays,  cables,  and  suspenders  have 
1»  '  n  placed  and  fixed  in  their  pn«iti»ii. 

At  the  ends  of  the  trusses  four  small  stays 
may  be  noticed,  which  are  provided  for  the  par- 
pose  of  guarding  against  vibrations  at  those 
points,  and  aluo  to  add  to  the  supporting  strength. 
The  UPJHT  and  lower  chords  being  n«c«*»ary,  in- 
<!•  I  •  ml.'iit  of  mipport  ;  their  strength  is  thereby 
brought  into  play.  Accordingly  as  much  tension 
is  thrown  upon  the  stay-rope*  as  the  re*i*t*ncB 
of  the  chords  will  prrmit.  The  ropes  are  doable, 
and  thfir  diameter  varies  from  1  to  2  in. 

Cablet.—  There  are  two 

M.I.',    Mi.-p.-mi.  .1    ::i    \.rti.-ii! 

double  rows  of  truss-post*. 

posod  of  19  wire-ropes  of  2J  in.  diameter.    The 

maximum  tension  of  the  two  o«bles  at  toe  tower  i*  764  too*,  and  at  the  centre  of  the  main  span 

696  tons.   Dividing  764  by  86,  we  have  the  tension  of  each  rope  equal  to  20^  low  ;  and,  allowing 
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six  times  the  strength,  we  have  for  the  ultimate  strength  of  each  rope  120 -G  tons.  Although  the 
tension  of  the  cables  is  less  in  the  centre,  the  same  section  and  strength  are  observed  throughout. 
A  chain  mny  be  tapered,  but  it  would  be  false  economy  to  attempt  it  in  a  cable.  Fig.  1446  shows 
a  section  of  one  cable  on  a  larger  scale.  The  nineteen  ropes  are  suspended  in  five  layers,  and 
care  must  be  had  to  preserve  the  relative  position  of  each  layer,  as  well  as  of  each  individual  rope, 
throughout  its  length,  so  that  the  union  of  the  whole  nineteen  will  in  section  form  a  hexagon.  The 
suspenders  being  attached  every  10  ft.,  a  strap  is  laid  around  the  cable,  and  screwed  up  tight,  to 
preserve  its  form.  These  straps  should  be  made  by  about  three  different  patterns,  to  suit  the 
inclination  of  the  different  parts  of  the  cables.  When  putting  them  on,  they  are  heated  in  a  small 
hand-forge,  and  a  strip  of  sheet  iron  is  laid  over  the  cable  to  prevent  heating  the  wire.  After 
closing,  they  are  cooled  by  pouring  on  water. 

To  keep  snow  and  wet  out  of  the  cables,  they  14*6.  1447. 

should  be  protected  by  a  half-circular  cover  made 
of  tin,  secured  to  the  straps  by  small  wire  wrap- 
pings. This  is  indicated  in  Figs.  1446  to  1449. 

A  uniform  tension  of  the  ropes  is  easily  ob- 
tained by  suspending  them  parallel  to  each  other 
in  level  layers,  and  in  close  contact.  First  secure 
one  end  in  the  anchor-plate;  then  adjust  the 
rope  in  the  saddles  with  a  proper  deflection  at 
the  lowest  point  of  each  span.  Then  pass  the 
other  end  through  the  other  plate,  open  the 
seven  strands,  and  pass  the  centre  one  through 
a  conical  tube  7  in.  long,  wide  enough  at  the 
small  end  to  admit  the  strand,  and  at  the  other 
end  enlarged  to  double  the  diameter.  The  whole 
rope  being  a  little  longer  than  necessary,  say 
1  to  2  ft.,  the  centre  may  be  fastened  tempo- 
rarily or  anchored  back,  preserving  at  the  same 
time  its  central  position  in  the  hole.  By  slack- 
ening or  tightening  this  centre  now,  the  position 
of  the  rope  in  the  cable  may  be  adjusted.  When 
right,  drive  the  hollow  tube  into  the  anchor- 
plate  some  distance,  and  at  the  same  time  insert  a 
number  of  large  points,  and  drive  them  all  in  uni- 
formly. When  all  the  large  pins  are  in,  the  centre 
may  be  released,  and  the  untwisted  wires  may 
be  cut  off  the  right  length.  Then  insert  thinner 
points  in  the  centre  tube,  and  fill  it,  and  com- 
plete the  whole.  To  give  a  support  to  the  anchor- 
plate,  it  is  of  course  necessary  to  put  up  the 
truss-posts  as  far  as  they  rest  on  the  abutment, 
and  to  secure  them  temporarily  by  timber- 
bracing.  And  it  will  also  be  necessary  to  pro- 
vide for  a  temporary  anchorage  of  the  anchor- 
plate  itself  before  the  arches  are  put  up.  This 
may  be  done  by  extending  a  few  wire-ropes  from 
the  anchor-plate  and  posts  to  the  next  pier  or 
abutment,  and  secure  them ;  and  if  this  masonry 

is  not  strong  enougli,  a  temporary  anchorage  of  '   .  *     J  [ 

timber  and  stone  must  be  put  on  shore,  of  suffi- 
cient strength  to  resist  the  pull  of  the  cables. 

The  same  wire-ropes  which  are  to  be  used  for  mSi  1449. 

the   abutment-stays   and  for  the  storm-cables., 

and  which  are  to  be  delivered  in  long  coils,  may  be  advantageously  used  for  this  temporary  anchor- 
age with  very  little  loss  or  waste. 

The  tension  of  each  full  cable,  resulting  from  their  weight  when  freely  suspended,  will  be 
63  tons ;  and  this  has  to  be  fully  met  and  supported.  By  the  use  of  a  few  railroad  bars  laid  across 
the  posts  above  and  below  the  anchor-plates,  and  by  passing  stirrups  or  chains  around  them,  the 
anchor-ropes  may  be  attached.  On  the  shore  they  may  be  fastened  to  similar  bars,  placed  in  an 
excavation,  the  bars  to  be  secured  to  a  rough  framework  of  timber  and  plank,  and  this  may  be  kept 
in  its  place  by  earth,  gravel,  stone,  and  other  heavy  material ;  it  may  also  be  assisted  by  braces. 
Piles  may  also  be  driven  to  increase  the  resistance  of  this  temporary  anchorage. 

In  order  to  put  up  the  arches  and  other  parts  of  the  superstructure,  a  temporary  platform  and 
footway  will  have  to  be  suspended.  As  to  the  cables,  a  light  foot-bridge  under  each  will  be  all- 
sufficient,  and  the  same  anchorage  which  answers  for  the  main  cables  will  answer  for  the  foot-bridge 
cables.  It  should  be  observed  here,  that  the  temporary  anchorage  should  be  made  strong  enough 
to  resist  a  pressure  of  about  400  tons,  because  this  much  tension  may  be  produced  by  the  cables 
while  erecting  the  superstructure. 

While  putting  the  ropes  in  the  cables,  they  should  receive  another  coat  of  durable  paint. 
Allowance  must  be  made  for  the  stretch  of  the  cables.  All  wire  will  stretch,  whether  made  of 
steel  or  iron.  A  No.  8  steel  wire  of  good  quality,  capable  of  supporting  a  weight  of  3000  to  3400  Ibs., 
and  5  ft.  long,  will  stretch  1  in.  before  breaking.  After  being  taxed  with  a  full  load  for  some  time, 
the  stretch  of  the  cables  will  cease,  because  the  material  will  have  assumed  a  permanent  set.  After 
this,  no  more  elongation  will  take  place.  The  deflection  of  the  cables  in  the  maiu  span,  after  the 
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wire  has  attained  a  permanent  set,  is  to  be  60  ft.  An  allowance  of  1  to  8  ft.  should  be  made  for 
settlement.  If  the  cables  are  well  made,  1  ft.  will  be  enough ;  but  if  poorly  made,  3  ft  may  not  be 
sufficient.  To  be  more  explicit,  the  cables  should  be  suspended  with  a  deflection  of.  MY  58  ft.  if 
well  made,  and  if  not,  56  to  57  ft.  will  be  safer. 

In  order  to  make  the  cables  bear  their  allotted  portion,  the  suspenders  have  to  be  screwed  tip 
repeatedly  after  full  trains  have  passed  over  the  work.  The  permanent  set  of  the  cables  will  make 
itself  felt  distinctly  if  attention  be  paid  to  it.  On  the  other  hand,  it  would  be  wrong  to  tax  tht-m 
too  much,  and  thereby  relieve  the  arches  to  an  undue  degree.  A  proper  adjustment  may  at  first 
sight  appear  to  be  impossible,  or  at  any  rate  attended  with  great  difficulty.  Hut  if  the  directions 
given  here  are  strictly  carried  out,  this  adjustment  may  be  readily  accomplished. 

The  weight  of  the  superstructure  which  is  to  be  borne  by  the  cable*  of  the  mfhi  span  U  290  ton*. 

290 
The  number  of  suspenders  is  96,  and  therefore  the  weight  borne  by  each  is  — -  =3-02  **"•, 

Each  suspender  being  attached  to  a  stirrup  which  has  two  screws,  the  weights  to  be  borne  by  each 
single  screw  will  be  1$  ton,  or  3000  Ibs.  Now  practise  a  few  intelligent  men  in  raining  a  weight  of 
3000  Ibs.  by  such  a  screw,  using  a  screw-wrench  of  a  certain  length,  say  18  in.  The  screws  aoonld 
be  well  cut,  so  as  to  run  easy  and  smooth.  No  stirrup  should  go  into  the  work  without  having  the 
screws  well  examined,  well  cleaned,  run  smooth,  and  oiled. 

The  handles  of  the  wrenches  should  be  just  long  enough  to  require  the  average  strength  of  a 
man's  arm.  To  make  this  operation  still  more  certain,  the  wrench  may  be  testedby  a  suspended 
weight,  so  that  the  men  can  compare  their  strength  with  the  actual  weight.  Much  depends  upon 
tho  cut  of  the  screws ;  with  good  uniform  threads,  every  suspender  mutt  be  brought  to  a  fair  aud 
equal  bearing. 

The  length  of  the  suspenders  being  calculated,  they  are  manufactured  accordingly,  and  put  in 
place ;  but  the  theoretical  length  will  never  exactly  agree  with  the  actual  length,  and  the  liinVr- 
ence  is  made  up  by  screwing.  The  above  remarks  on  suspender.*  will  r.iu:illy  uj>j-l\ 
The  ultimate  strength  of  each  stay  is  100  tons,  and  they  are  calculated  to  bear  an  ultimate  tension 
of  |,  ox  20  tons,  caused  by  the  superstructure  and  a  maximum  load.  Now,  tho  proportion  of  weight 
of  superstructure  to  that  of  maximum  load  which  falls  upon  the  stays  is  as  150  :  174,  as  will  !-• 
seen  in  the  Table  of  relative  loads ;  consequently  they  may  be  screwed  up  to  a  tension  of  about 
9  tons,  and  this  is  accomplished  with  a  wrench  of  about  3}  to  4  ft.  long. 

After  the  cables  have  obtained  their  permanent  set,  and  the  suspenders  and  stays  have  been 
adjusted,  no  more  attention  need  be  paid  to  this  part  of  the  structure.  The  relative  supporting 
power  of  the  cables,  stays,  and  arches  will  remain  unaltered,  they  will  not  undergo  any  further 
change.  And  as  changes  of  temperature  will  influence  the  aches  as  well  a*  the  cables  alike,  n<> 
strife  between  the  different  members  can  arise  on  that  account. 

The  curve  formed  by  a  cable  when  freely  suspended  and  not  loaded,  will  be  that  of  a  catenary, 
because  the  weight  of  a  unit  of  cable  is  supposed  to  be  the  same  throughout  its  length.  But  with 
a  weighty  horizontal  platform  suspended  to  the  cables  their  curve  is  changed,  and  will  be  found 
to  correspond  more  to  a  parabola  than  to  a  catenary.  The  suspenders  may  accordingly  be  calcu- 
lated for  a  parabola,  but  it  will  be  found  in  practice  that  they  vary,  and  sometimes  considerably, 
from  both  curves.  The  screws  at  the  ends  of  the  suspenders  will  be  the  means  of  adjustment. 
But  another  change  in  the  curvature  of  the  cables  will  take  place  when  the  stays  are  tightened 
and  begin  to  relieve  the  cables  at  those  points.  They  will  then  be  lowered  in  the  centre  and 
raised  near  the  towers.  Allowance  must  be  made  for  this  in  the  length  of  the  suspenders,  so  far 
as  the  stays  extend. 

Suspenders. — The  maximum  weight  borne  by  the  96  suspenders  of  tho  middle  span  Is  626  tana. 
Each  suspender,  therefore,  has  to  support  6^,  tons.  Allowing  seven  times  the  strength,  we  want 
for  the  wire-rope  suspenders  an  ultimate  strength  of  45  tons,  or  1 1"  diameter  rope. 

Figs.  IHI,  1  Ho,  show  a  wire-rope  suspender,  both  ends  fastened  in  wrought-iron  socket*,  and 
the  lower  socket  attached  to  a  stirrup  which  passos  around  tho  floor-beam.  Figs.  1447  to  1440 
exhibit  one  of  the  short,  solid  suspenders  hung  to  the  cable-strap  and  to  the  stirrup  below.  The 
rods  are  1  f "  diameter,  and  tho  stirrups  1 J"  diameter.  These  dimensions  may  appear  extravagant, 
but  when  it  is  considered  that  under  a  heavy  passing  load,  every  single  suspender  is  taxed  mart 
than  its  general  proportion,  this  large  allowance  will  bo  justified. 

Chorda.— The  arrangement  of  tho  upper  and  lower  chords  is  plainly  exhibited  on  the  plan*. 
Figs.  1436,  1437,  show  it  more  particularlv.  The  9-in.  channel-bars  composing  them  extend  frn«n 
end  to  end  without  interruption.  The  fnwer  chords  are  not  plated  underneath  at  an\ 
This  is  not  wanted  on  account  of  strength,  and  their  lateral  stiflfhoM  U  amply  ensured  by  the 
floor-beams,  by  the  plates  to  which  the  tie-rods  are  secured,  and  by  the  stay-N>lU.  Nor  are  the 
upper  chords  plated  on  top,  except  in  tho  side  spans  from  the  end  of  the  truss  to  the  point  whet* 
the  cable  enters.  These  top  plates  are  }  in.  thick  and  50  in.  wide.  The  cross-beams  an  her* 
placed  on  top  of  these  plates  and  riveted  t-.  it. 

The  splicing  of  the  chords  is  done  in  the  same  manner  as  that  of  the  arches,  Wneoerer  a 
stay-bolt  is  applied  to  the  chords  it  is  passed  through  a  gas-tube,  which  U  out  off  on  the  lathe  U. 
the  right  length,  and  thus  a  firm  and  simple  connection  Is  made.  In  order  to  meet  the  thrust  of 
the  arches,  in  excess  in  the  one  span,  while  no  load  U  on  the  other,  a  section  of  60  «q.  in.  »«• 
found  to  be  necessary  for  the  lower  chords.  The  horimntal  action  of  the  stays  at  the  toww  is 
r  o,,  m  regional  only,  and  does  not  add  to  tho  tensile  strength  of  the  arches.  The  horivmUl 
upon  the  chords,  whirl.  result*  fnan  the  diagonal  rods  in  the  panels,  to  balanced  in  each  panel, 
and  requires  therefore  but  little  section. 

A  section  of  6  sq.  in.  for  the  channel-bant  of  tho  upper  chorda  will  be  an 
The  same  section  may  be  observed  throughout  the  length  of  chord.     It  i«.  howerer.  necessary  1 
make  the  splices  of  the  lower  chords  as  strong  as  the  channel-bars  thom*olvo«,  no  that  they  may 
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resist  a  full  tensile  strain,  which  may  be  brought  upon  them  by  the  arches  when  the  spans  are 
unequally  loaded. 

Posts. — The  posts  are  of  the  beam  section,  and  9  in.  wide  or  deep ;  Figs.  1450.  1451  exhibit 
sections  on  a  larger  scale :  the  weight  is  25  Ibs.  a  foot.  All  the  posts  are  22  ft.  long,  except  those 
in  the  centre  span,  which  vary  from  22  to  44  ft. 

Each  truss  consists  of  two  rows  of  posts  planted  24  in.  apart,  in  which  open  spaces  the  cables, 
stays,  and  suspenders  are  freely  suspended.  They  are  firmly  connected  by  horizontal  bars  If  in. 
square :  the  ends  of  these  bars  are  spread  out  so  that  they  will  give  room  for  4  rivets  of  |-  in! 
diameter,  to  be  fastened  upon  the  flanges  of  the  posts.  Each  cross-bar  is  therefore  held  by 
8  rivets. 

In  order  to  increase  the  lateral  stiffness  and  stability  of  the  trusses,  the  intervening  space 
between  the  posts  may  be  enlarged  to  30  or  36  in. ;  and  the  connecting-bars  should  then  be  2  in. 
in  place  of  If  square.  The  vertical  stiffness  of  the  posts  in  the  direction  of  the  trusses  is  aided  by 
horizontal  connecting-bars  at  the  centre.  These  bars  are  only  1  in.  diameter,  pass  through  the 
web  of  the  posts,  and  are  simply  screwed  up  by  a  nut  at  the  end,  as  is  shown,  Figs.  1450°  1451. 

"50.  1451.  1452 


By  tightening  these  bars  uniformly,  the  lateral  position  of  the  posts  is  secured 
and  vibration  prevented.  This  provision  is  very  necessary,  on  account  of  the 
great  length  of  the  posts. 

Arches. — The  arches  are  formed  of  channel-bars,  Fig.  1452.  The  posts 
being  20  ft.  apart,  the  channel-bars  are  rolled  of  the  same  length  so  that  the 
splices  all  come  upon  the  posts.  It  will  be  noticed  that  the  connections  with  the 
splicing-plates  are  made  with  screw-bolts,  and  not  with  rivets.  This  will  greatly 
facilitate  the  putting  up  and  adjustment  of  the  arches.  One  of  the  practical 
difficulties  in  putting  up  such  work  is  to  make  the  ends  meet,  and  to  make  a 
tight  and  workmanlike  fit,  so  important  in  arches  and  chords.  This  difficulty  is  much  increased  by 
great  variations  of  temperature,  and  hence  the  importance  of  using  screw-bolts  in  place  of  rivets. 
The  bars  may  at  first  be  put  together  loosely  and  without  any  tight  fit,  by  using  small  bolts  tempo- 
rarily, which  are  to  be  removed  after  the  joints  are  brought  to  a  close.  Each  pair  of  splicing-plates, 
opposite  each  other,  is  connected  by  six  bolts  of  £  in.  diameter,  or  three  on  each  side  of  a  post ;  on 
being  drawn  tight,  they  embrace  them  solid  and  firm.  In  order  to  screw  these  up  tight,  they  must 
not  be  enclosed  in  tubes.  The  remaining  four  bolts,  on  the  other  hand,  are  passed  through  gas-tubes 
9  in.  long  and  1  in.  wide,  which  therefore  preserve  the  distance  between  the  channels  and  serve  as 
stay-bolts.  Two  small  plates  4  in.  x  7  in.  x  £  in.  thick  are  riveted  to  the  post  and  fitted  between 
the  channels.  Two  of  the  channels  are  therefore  firmly  enclosed  between  these  plates  and  the 
brackets.  To  add  still  further  to  the  stiffness  of  the  splices,  the  cross-channels  which  connect  the 
two  lines  of  trusses  are  filled  in  between  and  firmly  bolted  to  the  posts,  while  at  the  same  time 
their  flanges  are  riveted  to  the  flanges  of  the  arches.  When  the  latter  cross  the  posts  obliquely, 
the  cross-channels  have  to  be  heated  and  swedged  in  a  block  by  pressure,  so  as  to  fit  the  oblique 
section.  By  using  wedges  of  different  shapes  to  correspond  to  the  inclination  of  the  arch,  one 
press  or  one  pair  of  blocks  or  dies  will  do  for  the  whole.  If  the  cost  of  such  a  press  is  objected  to, 
the  flanges  of  the  cross-channels  may  be  cut  out  and  the  stem  only  bolted  to  the  post. 

So  far  as  the  arches  rise  above  the  upper  chords  in  the  central  span,  the  upper  channels  are 
connected  by  a  top-plate  of  J  in.  thick  riveted  to  the  upper  flanges.  Laterally,  between  the  posts 
in  each  panel,  the  arches  are  again  connected  by  four  channels  of  50  in.  length  each,  and  also  by 
stay-bolts  passing  through  gas-tubes. 

Where  the  arches  rise  above  the  upper  chords,  the  channels  forming  the  latter  are  cut  out  and 
planed  off  to  the  proper  level  to  make  a  good  fit.  Splicing-plates  are  then  riveted  over  the  joint, 
and  the  respective  flanges  are  also  connected  by  rivets.  At  the  same  time  a  plate  of  4  ft.  long  by 
2  ft.  wide  and  J  in.  thick  is  riveted  down  on  top,  so  as  to  cover  all  the  joints.  The  depth  of  each 
arch  is  41  in.,  and  its  width  4  ft. 

Considered  as  a  straight  girder  freely  spanning  a  distance  of  60  ft.,  this  combination  would  be 
stiff  enough  for  railroad  traffic.  But  its  inherent  stiffness  is  not  calculated  to  serve  as  a  supporting 
power,  but  to  resist  lateral  deflection  like  a  column.  A  round  column  is,  of  course,  the  best  geo- 
metrical section  for  gaining  lateral  strength.  But  a  columnar  section  in  wrought  iron  for  the 
purposes  of  an  arch,  presents  many  difficulties  and  objections.  What  would  be  gained  in  section 
would  be  more  than  lost  in  reduced  strength  of  framing. 

The  great  facilities  of  construction  which  the  plan  before  us  offers,  must  not  be  underrated. 
And  when  we  consider  the  small  section  of  wrought  iron  that  is  needed  to  make  the  arches 
effective,  this  plan  will  compare  favourably  with  other  plans  heretofore  attempted.  The  arches 
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of  the  Coblenz  Bridge  over  the  Rhine  are  308  ft.  wide  in  the  clear.  Each  rib  is  10  ft  6  in  deep 
with  upper  and  lower  flanges.  The  flanges  of  the  centre  rib  are  3  ft.  2  in.,  and  thoeo  of  the  outer 
ribs  2  ft.  2  in.  wide.  These  arched  ribs  have  been  treated  aa  flexible  trusses,  consequently  the 
upper  and  lower  flanges  have  been  graduated  like  chords,  with  the  greatest  section  in  the  centre 
The  upper  and  lower  chorda  are  connected  by  poets  and  diagonal  braces.  Thin  work  is  considered 
a  model  work ;  it  is  well  proportioned  and  possesses  ample  strength.  The  utiftnes*  !•,  in  tin-  nrchoa 
alone,  and  no  attempt  has  been  made  to  increase  it  by  spandril-bracing.  Ita  rigidity  u  owing  in 
a  great  measure,  to  the  placing  of  the  floor  belmo  the  crown  of  the  arch. 

The  question  arises,  whether  flanged  arches  with  greater  inherent  stiffness  would  not  be  better 
adapted  to  the  Parabolic  Truss,  than  the  arches  here  designed?  80  far  as  simpl.-  Mipi-irtin-  power 
ia  considered,  under  the  action  of  uniformly-distributed  loads  there  would  be  m>  differ. •»<•<•  T.  t«, ,  n 
the  two  plans.  As  regards  stiffness,  under  the  action  of  variable  loads,  however,  the  plan  hero 
proposed,  with  its  great  depth  of  trussing,  will  produce  more  rigidity,  with  the  name  amount  of 
material  expended,  than  would  result  from  flanged  arches.  This  view  will  apply  with  still  greater 
force,  when  the  arch  descends  below  the  lower  chords.  The  depth  of  riba  in  the  Coblenz  Bridge 
is  10  ft.  6  in.,  and  the  clear  span  308  ft.  (Prussian  measure),  a  pn>|H,rti"ii  of  about  1  in  30.  This 
depth  would  evidently  be  entirely  too  small  for  a  straight  girder  of  308  ft.  npan,  but  it  would  he 
enough  for  a  span  of  100  ft. 

In  the  Coblenz  Bridge,  the  floor  intersects  the  girders  or  riba  at  the  lower  chord,  and  we  may 
therefore  consider  the  whole  arch,  so  far  as  stiffness  is  concerned,  as  divided  into  three  equal  part*. 
The  central  part  is  stiffened  by  the  floor,  and  the  spandrils  are  stiffened  by  the  posts  which  aupjmrt 
the  floor.  But  no  further  bracing  has  been  attempted  in  the  spandrils,  on  account  of  oontrnotinii 
and  expansion  ;  but  this  appears  to  be  a  defect,  because  an  expenditure  of  very  little  uJditimml 
material  would  have  greatly  added  to  the  rigidity  and  strength  of  the  work  without  nmt-  ri.-illy 
interfering  with  contraction  and  expansion.  It  must  be  remarked,  however,  that  the  leading  i.l.-li 
in  the  design  of  this  celebrated  viaduct  was  to  interfere  with  the  arches  aa  little  aa  possible,  and 
to  depend  upon  their  own  inherent  stiffness,  BO  that  the  ribs  should  be  at  liberty  to  accommodate 
themselves  freely  to  variations  of  temperature.  This  same  view  led  to  the  planning  of  the  pirot  skew  - 
backs ;  but  this  defect  has  been  corrected  since  by  making  the  bearings  of  the  skewbacka  all  M  li>l. 

When  we  omit  the  arches  in  our  plan,  considering  the  structure  aa  a  pure  suspension-) 
and  compare  its  stiffness  with  that  of  the  Niagara  Bridge,  we  discover  that  the  trims  here  designed 
possesses  ample  stiffness  for  all  railroad  purposes.  The  Niagara  trusses  are  only  18  ft.  l.i-li : 
those  before  us  are  22  ft.,  with  a  span  of  500  ft. ;  while  the  Niagara  apan  ia  over  800.  In  th«« 
Niagara  Bridge  the  truss-posts  are  6  ft.  apart ;  here  they  are  20  ft.  The  Parabolic  Trusses  being 
double,  there  are  four  diagonal  rods  of  1J  in.  diameter  in  a  panel  of  20  ft.,  while  there  are  two  rod* 
of  1£  in.  in  a  panel  of  5  ft.  at  Niagara.  On  the  other  hand  again,  the  Parabolic  Truaaea  are  all  of 
iron  and  have  comparatively  very  strong  chords,  while  the  Niagara  framing  is  of  wood,  with  li^ht 
chords,  which  are,  however,  very  materially  assisted  by  the  floors  and  the  central  girders,  which 
latter  distribute  the  weight  of  concentrated  loads. 

Roebling  concludes  that  the  trusses  before  us  (without  including  the  feature  of  the  arch),  will 
be  quite  as  stiff  as  are  the  Niagara  trusses. 

\Vhen  compressive  action  takes  place  in  chords  and  arches,  experience  has  demonstrated  that 
4  tons  of  2000  Ibs.  each,  or  8000  Ibs.  a  sq.  in.  maximum  pressure,  ia  aa  much  aa  soft,  puddled  iron 
should  ever  be  taxed.  But  this  resistance  depends  so  much  upon  lateral  conditions  that  tho 
above  allowance  of  4  tons  would  scarcely  be  safe  for  single  arches  not  assisted  by  cablea.  But  tho 
great  feature  of  safety  in  the  Parabolic  Truas  ia  tho  cable.  The  arch  ia  only  an  auxiliary  to  tho 
cable.  With  ordinary  loads,  the  cablea  and  stays  will  aupport  the  greatest  part  of  tho  strains ; 
and  the  more  they  are  strained  the  greater  their  tendency  to  maintain  their  vertical  positions,  and 
to  assist  the  arches  in  preserving  their  true  alignment.  Lateral  flexure  it  the  great  danger  to  ercket, 
The  more  jointed  and  articulated  the  system  is,  the  greater  this  danger.  Now,  these  eonsklen»ti<>n» 
must  be  taken  into  view  when  deciding  upon  the  choice  of  material  for  the  arches.  The  question 
of  steel  or  iron  Is  of  course  a  question  of  comparative  estimate.  But  if,  for  inatance,  we  allow 
8000  Ibs.  maximum  compression  for  iron,  and  12,000  Ibs.  for  a  mild  steel,  and  the  stool  arch  costs 
the  same  as  the  iron  arch,  both  possessing  the  same  supporting  strength,  then  tho  iron  arch  should 
be  preferred  to  the  steel  arch,  for  the  following  reasons  :— 

1.  Tho  greater  section  of  the  iron  arch  will  ensure  greater  lateral  stiffness  than  can  be  obtain* 
from  the  diminished  section  of  soft  steel. 


loads 

fast-moving  trains  will  be  felt  more  by  . —  ..„ . 

One  of  the  best  features  of  tho  Parabolic  Truss,  as  here  designed,  is,  that  tho  r 
members  of  this  system  are  nearly  uniform  in  thi-ir  sections,  and  that  they  arc  not  alternately 
exposed  to  such  opposite  strains  as  compression  and  tension  in  succession. 

The  cables  and  stays  experienee  tensile  Htniin.s  only,  while  the  arches  an  exposed  to  oompre 
action  alone.     This  feature  will  add  much  to  the-  lifetime  of  tho  Mnu-tiire. 

An  objection  may  be  raised  to  the  parabolic  form  of  the  arches,  boeauao  of  the  rarlatio 
bevels  at  the  joints.    The  difference,  however,  between  tho  segment  of  a  c.rrle  and  tho  paral.nl  H 
curve,  with  the  proportions  here  .  <  so  small,  tlmt  the  HuMitut.on  ,,f  the  on*  f 

other  will  not  have  the  slightest  practical  influence.     It  will  therefore  fcc.l.tnt-  t 
all  the  joints  to  the  same  bevel  for  a  circular  arch.   Respecting  tho  cables,  however,  tn 
should  be  calculated  for  a  parabolic  curve. 

J%or-^ms.-The  beams  supporting  the  railroad  track  are  6  ft  apart  ami  llfc.4 
weigh  40  Ibs.  a  lineal  foot.     If  manufnrtnred  of  ^\  iron  a  load  of  23  ton*,  oq.m  ly  .1, 
will  not  produce  a  sensible  deflection,  and  a  load  of  15  tons  on  the  two  rail-  will 
elastic  limit.  The  lower  flange  of  each  beam  is  riveted  to  the  upper  flanges  of  the  channel 
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posing  the  chords,  sixteen  rivets  of  f  in.  diameter  for  each  beam.  This  forms  a  very  stiff  horizontal 
connection  of  the  opposite  chords,  and  renders  all  further  diagonal  bracing  unnecessary.  This  still- 
ness is  further  increased  by  the  9-in.  girders,  running  lengthways  underneath,  riveted  to  the  beams, 
and  connected  with  the  timber  stringers,  the  rails,  and  the  breachiugs  by  stirrups  2  ft.  6  in.  apart. 
The  upper  joints,  connecting  the  arches  and  upper  chords,  are  channels  7  in.  depth,  of  a  li^ht 
section,  one  on  each  side  of  a  post  bolted  to  it  and  riveted  to  the  flanges  of  the  arches  and  chords. 
Fig.  1453,  which  is  a  section  on  the  abutment,  fully  explains  the  details.  So  far  as  the  np]»-r 
chords  in  the  side  spans  are  plated,  the  joints  are  of  7-in.  beam  section  in  place  of  channels,  thrir 
lower  flanges  riveted  to  the  plates,  Figs  1454,  1455. 

1453. 


Diagonals  in  Panels. — The  object  of  the  panel-rods  is  to  impart  stiffness,  and  to  spread  any 
concentrated  pressure  over  a  large  extent  of  truss.  In  the  centre  of  the  main  span,  the  pressure 
upon  any  point  is  spread  by  these  rods  over  4  panels,  or  80  ft.  of  length  of  truss.  For  every  row 
of  posts  there  is  a  plane  of  diagonals ;  consequently  there  are  4  lines,  each  rod  1 J  in.  diameter,  with 
screw-ends  proportionally  enlarged. 

Fig.  1454  explains  how  two  diagonals  are  joined  in  one,  and  how  they  are  bolted  to  the  stem 
of  the  post,  between  the  upper  chords. 

It  will  be  noticed  that  these  rods  all  radiate  toward  central  screw-rings,  for  the  purpose  of 
screwing  them  up  to  a  proper  tension,  and  thus  to  impart  stiffness  to  the  framing. 

^Any  load  upon  any  one  point  will  make  an  impression  upon  2  to  3  floor-beams,  and  16  rods,  of 
1 J  in.  diameter  each,  will  be  brought  into  service,  and  distribute  the  weight  over  a  large  extent  of  truss. 

Storm  cables. — The  arrangement  of  the  storm-cables  is  fully  explained  by  an  inspection  of  Figs. 
1428,  1429.  Two  wire-ropes  of  an  ultimate  strength  of  100  tons  each  are  suspended  below  the 
floor  in  such  a  manner  as  to  form  parabolic  curves.  By  this  plan  no  longitudinal  strains  are 
thrown  upon  the  superstructure.  All  the  strains  are  directed  upon  the  floor-beams,  and  are 
regulated  by  screw-bolts  to  give  the  cables  a  proper  tension.  The  horizontal  deflection  of  these 
cables  in  the  centre  span  is  41  ft.,  or  about  ^  of  the  span,  and  therefore  the  coefficient  of  tension 
is  1  •  70.  If  we  assume  now  that  the  force  of  a  high  wind  should  be  so  great  as  to  produce  a 
uniform  horizontal  pressure  against  the  structure  equal  to  20  tons,  then  the  strain  on  the  cable 
would  be  1*70  X  20  =  34  tons,  or  about  ^  of  its  breaking  strength.  This  tension  might  be 
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increased  even  to  50  tons  without  at  all  endangering  the  safety  of  the  cable*.    But  little  surface 
is  exposed  to  the  wind  vertically  as  well  as  horizontally. 

It  is  well  known  that  on  a  structure  suspended  at  H  liL-li  elevation,  the  wind  exert*  more  of  an 
uplifting  power  than  of  a  horizontal  action.  The  uplifting  f.>r<-.-  i.s  amply  m.  *  l,y  tin-  \\. 
the  structure  itself.  Estimating  the  vertical  area  exposed  to  horizontal  action  at  3000  no.  ft.  aud 
a  pressure  of  30  Ibs.  a  sq.  ft.  applied  all  over,  the  aggregate  pressure  would  be  90,000  Ib*.,  and 
would  be  met  by  the  strengh  of  the  cables.  In  this  calculation  no  allowance  is  made  f<>r  tin- 
inherent  stiffness  of  the  horizontal  framing  at  the  upper  and  lower  chords  uml  th.  t«-p  ••("  tin-  arch.-*. 

As  has  been  remarked  before,  an  objectionable  feature  in  tin-  plun  h.f.  .r.  great 

height  of  the  arches  in  the  centre  of  the  main  span,  and  its  tendency  to  lateral  oscillations  under 
the  action  of  fast-moving  trains  or  from  the  effects  of  heavy  gusts  of  wind.  Where,  th.  r 
necessity  exists  to  preserve  the  whole  space  below  the  lower  chorda  clear  of  all  obstruction,  eith.  r 
a  double  bridge  must  be  erected  at  once,  the  two  connected  together,  or  a  more  effective  horizontal 
bracing  must  be  put  up  in  localities  which  are  exposed  to  very  high  winds  or  hurricane*.  This 
horizontal  security  can  be  increased  by  heavier  diagonal  ties  between  the  upper  chords  and  arches, 
by  doubling  the  storm-cables  and  by  adding  diagonal  bracing.  Any  amount  of  security  may  thus 
be  obtained.  It  will  be  noticed  that  the  contractions  and  expansions  of  the  storm-cable*  from 
changes  of  temperature  are  not  at  variance  with  those  of  the  trusses,  because  they  form  one  con- 
nected whole,  and  will  always  move  together. 

Method  of  Raising  the  Superstructure. —A  most  important  question  is  the  practicability,  safety, 
and  cost  of  erecting  the  superstructure  of  such  large  spans  as  here  proposed.  Short  bpana  may  bo 
raised  on  temporary  scaffolding,  one  span  at  a  time,  with  facility  and  little  risk.  But  the  task  of 
putting  in  place  spans  of  great  dimensions  in  a  river  which  is  subject  to  sudden  rises,  full  of  float- 
ing debris,  and  with  an  unstable  bed,  is  formidable,  and  may  in  certain  stages  and  at  certain 
seasons  become  impracticable. 

The  history  of  the  erection  of  the  500  ft.  span  of  the  Kuilenburg  Bridge  in  Holland  hat  fur- 
nished a  practical  demonstration  of  the  difficulties  involved  in  such  an  enterprise.  Before  the 
entire  completion  of  the  large  span  of  that  work,  a  heavy  gale  sprung  up  and  demolished  all  thn 
scaffolding,  but  left  the  trusses  unaffected,  their  bearing  parts  having  been  previously  all  safely 
connected.  Had  this  high  wind  occurred  a  few  days  sooner,  the  whole  superstructure  would  have 
been  thrown  down  a  total  wreck. 

It  may  be  of  interest  to  notice  here  the  method  pursued  by  the  contractor  of  tho  Coblenz  Bridge 
(the  same  who  put  up  the  Kuilenburg  Bridge)  in  raising  the  three  arches  of  that  work.  The  two 
halves  of  the  archea  ribs  were  completed  on  shore,  then  launched  and  floated  on  boats  to  their 
destination,  whence  they  were  raised  to  their  permanent  position  and  connected.  The  raining 
was  done  by  a  hydraulic  press  supported  on  a  temporary  scaffolding  put  up  in  tho  centre  of  the 
span.  Arches  of  a  little  over  300  ft.  may  be  managed  in  that  way  quite  successfully  and  econo- 
mically. But  when  the  span  is  doubled,  the  drawbacks  attending  this  process  are  also  doubled, 
and  it  will  be  wise  to  consider  other  methods. 

In  comparing  different  plans  of  raising,  the  questions  of  relative  economy  and  of  speed  of 
execution  are  of  much  less  importance  than  is  the  question  of  s-ifcty.  That  method  should  l>« 
adopted  which  ensures  absolute  safety  under  all  circumstances.  Fortunately,  the  plans  of  super- 
structure here  proposed,  while  exhibiting  economy  and  strength,  also  admit  of  the  safest  mode  of 
erection.  The  Parabolic  Truss,  as  here  devised  and  modified,  is  a  combination  of  tho  suspension- 
cable  and  of  the  arch.  If,  therefore,  we  suspend  the  cable  first,  we  may  afterward  nunend  tho 
arch  to  it,  independent  of  scaffolding,  flood,  or  ice.  Tho  whole  work  may  be  put  up  in  this  man- 
ner, without  the  use  of  any  scaffolding  whatever.  Should  the  season  and  stage  of  water,  I, 
be  favourable  to  scaffolding,  then  a  few  light  bends  should  be  used,  supported  on  piles  and 
connected  with  the  suspended  platform  by  hemp-rope  lashings,  in  such  a  manner  that  in  tho 
emergency  of  a  sudden  rise,  the  lashings  may  bo  cut  in  a  few  minutes,  and  the  bends  allowed  to 
float  off  without  doing  any  further  harm.  A  few  such  light  soatTol.l-framen  put  up,  «av  every  50 
or  100  ft.,  will  much  assist  in  preserving  the  proper  level  of  the  mgMDdtd  platform,  and  therefore 
facilitate  the  joining  of  the  various  members  of  the  structure.  Those,  particularly,  who  an-  « ith- 
out  experience  in  suspended  structures  will  find  the  assistance  of  bend*  very  useful.  But  they 
are  not  a  necessity,  only  a  convenient  auxiliary. 

After  the  masonry  of  the  first  central  pier  has  been  completed,  the  erection  of  the  wroogbt- 
iron  shafts  composing  the  tower  will  bo  commenced,  and  tho  saddle*  placed  on  top  and  nocured. 
On  the  second  centre  pier  where  the  superstructure  is  not  to  be  fixed  permanently,  l>ut  nil 
contract  and  expand  freely,  the  roller-plates  and  rollers  have  to  be  laid  down  flnt,  before  UM» 
erection  of  the  towers  can  be  proceeded  with.    The  same  must  be  done  on  the  abutment*.    F»r»t 
lay  down  the  roller- plates,  then  put  up  the  posts,  chord*,  and  tnuunrene  beam*,  so  far  a*  tho 
masonry  furnishes  support.     Abo  put  up  the  anchor-iilatea,  and  secure  these  to  the  r**** 
also  necessary  to  secure  the  stability  of  the  ends  of  the  tnu*e*  on  the  abutment  ctill  further  by 
temporary  wooden  and  iron  l.n..-,-.*.    "(in-at  security  will  be  obtained  from  the  lateral  wire-rope 
braces,  when  put  up  and  screw.  <1  ti-hf. 

A  temporary  anchorage  will  now  hare  to  be  prepared  for  tho  purpose  of  meeting  the  • 
caused  by  tho  cables.   The  wire-ropes  provided  for  the  storm-cable*  may  be  u*ed  for  tht*  purpow. 

By  making  an  excavation  about  lo  ft  deep  and  25  ft.  long  by  25  ft.  WU*,  Hkd  .Irninga  fe 
piles  in  front,  ueing  *omo  of  the  12-in.  iron  In-am*,  railroad  bar*,  timber,  and  *tone,  a  temporary 
anchorage  may  be  made,  which  will  safely  rosi*t  a  *train  of  500  tona. 

In  order  to  have  tho  means  of  regulating  the  tension  of  tin  temporary  anchor-Table.,  and  to 
provide    to  u  certain  extent,  f.*r  contraction  and  ex|«umioii  while  engaged  in  raui 
advisable  to  deflect  the  anchor-cables  a  few  feet,  nnd  anchor  them   in  tl.e  centre 
anchorage  and  abutment  to  another  t.-ni|«.rary  anchorage,   «r   nii«n«  p 
stirrups,  or  by  block  and  tackle.    Thi*  will  afford  the  moans  of  allowing  tho  aochor-plmtr, 
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move  forward  towards  the  river  just  enough  to  close  the  arches  and  chords.    Allowance  must 
also  be  made  for  stretching  the  cables. 

We  have  now  proceeded  far  enough  to  take  across  the  river  two  of  the  smaller  cables  or  ropes 
which  are  to  form  parts  of  the  large  cables.  An  easy  mode  of  accomplishing  this  will  be -to  remove 
the  reel  which  contains  one  coil  of  wire-rope  upon  the  deck  of  a  flat  boat  or  barge,  and  to  mount  it 
upon  a  strong,  well  secured  frame,  on  a  spindle  which  rests  on  bearings,  and  is  allowed  to  revolve 
Now  provide  one  or  two  brakes  to  check  and  regulate  the  speed  of  the  revolving  reel,  and  employ 
n  tu.ic  to  tow  the  barge  across  the  river,  either  above  or  below  the  line  of  piers. 

The  end  of  the  rope  should  of  course  bo  first  secured  to  one  of  the  anchor-plates  before  starting. 
On  crossing  the  river,  the  rope  is  simply  dropped  upon  its  bed.  The  other  end  being  landed,  is 
now  temporarily  secured  to  its  anchor-plate,  and  preparations  are  made  to  hook  up  the  rope;  at  tlio 
centre  piers,  and  to  raise  it  to  the  top  of  the  towers.  Here  it  is  rested  on  temporary  timber-blocks, 
which  serve  as  saddles,  and  are  secured  alongside  of  the  cast-iron  saddles. 

After  two  wire-ropes  have  been  taken  across  and  suspended,  their  deflection  must  be  adjusted, 
and  they  are  then  further  secured  to  the  middle  towers  by  screw-clamps  and  bolts,  to  prevent  their 
slipping.  The  object  of  these  temporary  suspension-cables  being  to  facilitate  the  construction  of 
the  main  cables,  it  is  advisable  to  deflect  them  about  2  to  3  ft.  below  the  main  cables,  so  that  they 
will  run  nearly  parallel  to  them.  This  being  done,  light  timber-beams  or  scantling,  say  21  ft. 
long,  may  be  thrown  across  the  two  opposite  ropes,  and  lashed  to  them  from  below  by  hemp  lines 
at  distances  of  about  4  to  5  ft.  apart.  This  process  should  commence  at  the  two  middle  towers, 
and  should  be  carried  on  both  ways,  so  that  the  spans  will  be  equally  weighted,  and  their  equili- 
brium maintained.  Planks  are  pushed  forward  over  the  beams  and  secured  by  lashings,  so  that 
two  foot-walks  are  formed,  each  about  4  ft.  wide,  in  line  of  the  main  cables  and  underneath. 
Where  these  walks  are  very  steep,  the  planks  may  be  cleated,  to  secure  a  better  foothold. 

Two  footways  have  now  been  put  up,  extending  across  the  river  from  one  abutment  to  tho 
other.  To  facilitate  the  crossing  of  men  not  used  to  high  elevations,  two  small  wire-ropes  5  to  J  in. 
diameter  may  be  suspended  just  above  the  position  of  the  main  cables,  and  connected  laterally 
every  50  ft.  by  smaller  cords.  The  men  will  take  hold  of  these  ropes  while  crossing,  and  use 
them  as  hand-rails. 

This  being  accomplished,  we  are  now  enabled  to  go  from  pier  to  pier  and  to  perform  work 
independent  of  the  river.  As  the  stays  are  placed  in  the  bottom  of  the  saddle,  they  must  be  raised 
first  and  put  in  place,  allowing  their  ends  to  hang  down  the  piers.  This  being  done,  the  first 
permanent  cable-rope  may  now  be  fastened  to  its  anchor-plate  at  one  end,  then  taken  across  the 
river  and  run  off  the  reel  in  the  same  manner  as  before.  These  ropes  are  to  be  dropped  upon  the 
bed  of  the  river,  either  above  or  below  the  piers,  always  on  the  side  of  their  respective  towers. 
Whenever  a  rope  has  thus  been  run  off,  it  must  be  raised  and  placed  upon  the  saddles  before 
another  one  is  launched  on  the  bed  of  the  river.  It  is  also  necessary  that  each  rope  should  be 
properly  placed  and  its  deflection  adjusted  correctly  before  the  next  one  is  taken  up. 

The  section  of  a  saddle  on  Fig.  1437  exhibits  plainly  the  different  layers  of  rope.  First,  there 
are  four  laid  down  in  the  bottom,  forming  the  first  row ;  then  one  is  added  at  each  end  in  the 
second  row.  These  six  ropes  are  the  stays.  Next  come  the  three  ropes  which  compose  the  first 
or  lowest  layer  in  the  cable ;  this  is  followed  by  a  second  row  of  four  ropes ;  next  comes  the  centre 
layer  of  five  ropes  ;  next,  a  layer  of  four  ropes,  and  then  the  top  layer  of  three  ropes ;  the  whole 
number  of  1 9,  which  are  in  a  cable,  forming  the  section  of  a  regular  hexagon. 

It  is  all-important  that  the  five  different  layers  should  preserve  their  stratification  and  their 
proper  level  throughout  the  whole  length  of  cable.  To  facilitate  this  operation,  strips  of  canvas 
or  strong  cotton  sheeting,  say  3  in.  wide,  may  be  wrapped  around  each  layer, 
and  afterward  again  removed.  Whenever  a  rope  is  added,  it  should  be  secured 
at  various  points  by  ties  of  fine  annealed  wire.  The  best  plan,  however,  is  to 
introduce  short  strips  of  tin,  Fig.  1456,  which  cross  each  other  diagonally,  the 
whole  being  kept  together  by  temporary  wire  or  hemp  strings.  After  all  the  19 
ropes  have  thus  been  suspended,  adjusted,  and  collected  into  one  cable,  strong 
temporary  wire-bands,  made  of  No.  10  annealed  wire,  must  be  put  around  every 
10  or  15ft.;  which  operation  will  be  greatly  facilitated  by  using  iron  screw- 
clamps  made  in  two  halves,  and  fitting  the  section  of  the  cable. 

Referring  to  Figs.  1436, 1437,  we  notice  that  the  lattice-beams  which  connect 
the  opposite  saddles  of  each  tower  may  be  omitted  for  the  present,  and  that  the 
two  ropes  for  the  footwalks  may  be  supported  on  the  cross-beams  next  below  the 
lattice,  which  will  be  about  the  right  elevation  for  cable-making. 

It  was  remarked  that  the  two  ropes  suspended  temporarily  for  foot- walks  are  to 
be  laid  into  the  main  cables  eventually.  This  method  is  recommended  for  the  sake  of  economy.  But 
if  some  more  wire-rope  is  on  hand,  strong  enough  for  that  purpose,  then  it  will  be  better  not  to  make 
temporary  use  of  the  permanent  cable-ropes.  It  is  supposed,  however,  that  there  is  no  spare  rope 
on  hand,  and  in  that  case  two  of  the  cable-ropes  are  to  be  suspended  for  foot-walks,  one  on  each 
side.  Now,  after  the  other  18  ropes  have  been  raised  and  adjusted  in  each  main  cable,  the  cross- 
beams which  support  the  foot-plank  may  be  suspended  to  the  main  cables  by  simply  throwing 
small  manilla  ropes  over  in  such  a  manner  that  they  can  be  easily  removed.  This  being  done 
with  all  the  beams,  the  two  wire-ropes  which  supported  the  foot-planks  are  now  free  and  may  be 
raised  into  the  saddles,  adjusted  to  their  proper  levels  in  the  various  spans,  and  both  ends  secured. 
After  this  is  done,  the  manilla  suspenders  over  the  main  cables  are  now  lifted,  one  after  another, 
and  thrown  over  the  last  wire-rope,  and  again  fastened  to  their  respective  beams.  The  cables  are 
now  ready  for  the  permanent  suspenders  and  straps.  The  latter  are  heated  at  one  corner,  so  that 
they  may  be  readily  closed  and  screwed  up  tight.  To  prevent  injury  to  the  cable,  a  piece  of  sheet 
iron  is  laid  around  it :  the  strap  is  then  closed  and  cooled  off  with  water.  A  small  hand-forge 
may  be  moved  along  on  the  suspended  scaffolding  for  that  purpose. 
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It  will  be  a  somewhat  difficult  task  for  those  not  experienced  in  the  construction  of  wire-cable 
bridges,  to  get  the-  cable  straps  and  suspenders  properly  spaced. 

Measurements  from  the  towers  being  uncertain  and  the  cables  movable,  no  ^tfafK't'Tvy  adjust- 
ment can  be  effected  in.  this  way.  But,  cither  by  calculation  or  actual  suspension,  or  both, 
measure  off  the  actual  distances  upon  a  small  wire-cord,  or  upon  a  single  wire. 


in  the  suspended  cable  form  the  hypetheram  of  right-angled  triangles,  the  horizontal  bate  of 
which  is  a  constant,  equal  to  the  horizontal  distance  of  the  suspender*.  The  vertical  U  variable,  and 
is  equal  to  the  difference  of  the  lengths  of  the  two  adjoining  suspenders.  These  triangle*  may 
all  be  laid  off  on  one  board,  and  the  length  of  the  hypotncnuses  transferred  upon  the  wire-cord  and* 
marked  by  small  wrapping  made  of  fine  wire,  so  that  they  cannot  be  shifted.  This  wire  lin  u 
then  suspended  alongside  of  tbe  centre  of  the  cable,  and  white-lead  marlu  are  put  upon  the  latter, 
which  will  correspond  to  the  centre  of  the  suspended  ropes. 

These  measurement*  and  marks  being  correctly  made,  there  will  be  no  further  difficulty  in 
spa<?ng  the  suspenders  correctly  ;  their  length  will  come  out  nearly  correct,  aud  tbe  Utuu»  *us- 
jirii.l.  .1  to  tin-in  will  be  found  equally  spaced. 

The  main  cables  being  completed,  they  should  be  further  secured  in  their  saddles  by  bolting 
down  those  cushions  which  are  to  prevent  their  slipping.  A  temporary  platform  must  i 
suspended  below  the  level  of  the  lower  chords,  strong  enough  to  support  1  ton  a  fuot  lineal.  Tho 
suspenders  being  10  ft.  apart,  timber-beams  21  ft.  long,  about  8  x  14,  may  bo  SU>|M  mini  t»  tin  m 
by  means  of  temporary  stirrups,  so  made  that  tbe  level  may  bo  adjusted.  A  plank-walk  about 
5  ft.  wide  should  then  be  laid  down  under  each  cable.  The  next  step  is  to  lay  down  upon  these 
plank-walks  the  channel-b:irs  which  are  to  form  the  lower  chords.  Care  must  be  had  to  distribute 
those  bars  evenly  and  uniformly  on  each  side  of  a  pier,  and  in  all  the  spans  at  the  same  time,  so 
that  the  equilibrium  of  the  cables  is  not  much  disturbed.  This  distribution  being  properly  made. 
the  bars  mny  be  connected  by  bolts  temporarily,  and  partly  spliced,  but  so  that  the  posts  can 
afterward  bo  set  up  between. 

In  order  to  add  to  the  weight  of  the  platform,  and  increase  its  stability,  the  truss-posts  should 
now  be  distributed  uniformly,  and  laid  down  alongside  of  the  chords,  all  over  the  work.  It  mny 
the  proper  time  to  make  use  of  the  main-stays,  and  to  attach  their  ends  U-nijtorarily  t  •  tho 
lower  chords,  ar.d  to  the  platform.  When  up,  they  will  not  only  add  to  the  •OppOfnc  |».wcr.  but 
also  to  the  steadiness  of  the  platform.  The  whole  process  of  erection  will  be  much  facilitated  by  a 
narrow  track,  laid  down  in  the  centre  of  the  platform  between  tho  two  walks,  for  tho  support  of 
A  few  small  trucks,  on  which  the  bars  may  be  transported  from  both  abutments.  With  a  favourable 
stage  of  water  in  the  river,  the  delivery  of  materials  may  also  be  forwarded  by  boats  moored  at  the 
piers  and  hoisting  the  bars  up,  then  distributing  on  trucks. 

The  work  has  now  so  far  progressed  that  we  may  proceed  to  put  up  the  poets.  There  are 
several  methods  by  which  this  may  be  accomplished.  One  plan  is  to  proceed  from  the  centre 
piers  each  way  toward  the  main  span  and  the  side  spans  uniformly  at  the  same  time.  As  soon  as 
one  or  two  sets  of  posts  are  up,  connect  them  by  the  upper  chords,  and  also  secure  the  latt«-r  by 
transverse  beams  and  temporary  wooden  braces  Next  put  in  place  the  panel-rods,  which  will 
increase  the  stiffness  of  the  framing  considerably. 

While  this  process  of  building  out  from  tho  piers  ia  going  on,  tho  level  of  the  platform  must  be 
maintained  at  tho  same  time,  by  distributing  the  bars  for  the  posts  and  chords  all  along.  Tho 
weights  being  uniformly  distributed,  tho  level  will  be  preserved,  and  the  steadiness  of  the  platform 
will  also  be  increased.  A  few  small  wire-ropes  may  likewise  bo  applied  below  the  \<l 
fastened  to  the  masonry  of  tho  piers,  to  serve  as  storm-cables,  in  case  of  a  heavv  blow.  Ik-fore 
commencing  with  the  arches,  the  i>osts  and  upper  chords  mny  IN-  j.ut  up  through  tho  balance  of 
tho  spans,  tho  jwmel-rods  put  in,  tho  cross-connections  made,  nud  tin-  trusses  nearly  eomi 

(  liiin-rs  ..f  t.-mperature,  causing  expansion  and  contractiou,  may  be  accommodated  by  placing 
the  lower  chords  on  wooden  rollers  about  G  in.  diameter. 

Sli-'ht  changes  will  not  be  noticed;  but  should  great  changes  take  place,  and  produce  con- 

tractions and  expansions,  it  will  be  good  policy  to  provi-le  hlip-j.  hits  ii.  • 
:-.s  the  arches  at  various  points,  and  uso  a  few  temiwrary  ftplicing-plates  to  that  «  : 
<  bolted  on  sideways.    No  rigid  connection  should  bo  made  at  any  place:  no  meting 
thu  whole  structure  is  up. 

s  r.  -marked  that  tho  whole  superstructure  may  be  put  up  and  complete 
assistance  of  scaffolding.    This  can  b,-  d.  ne.  if  nb*.l:it.  ly  necessary.    \Ve  therefore  I***!** 
Id  one  of  the  side  spans  or  both,  leaving  th.  ,  <  n  for  navigation.    To 

.  we  may  put  up  the  arches  in  tho  two  side  spans,  and  alao  put  up  one  transverse  ir 
20  ft.,  to  give  a  good,  permanent  lateral  connection  t..  th<-  I..«.T  floor.    By  tin 
-  of  tho  side  spans,  the  resistance  of  the  toehor-plsisj  will  have  bom  mil- 

On.-  h:ilf  of  the.  In-ntM  under  the  side  spans  may  now  bo  removed  with  sat' 
fte  spring  of  the  arches  in  the  centnJ  oprnim::  nml  a«  much  material  may  also  b< 

the  platform  of  the  central  Nun  HH  v.ill  l»  necessary  to  balance  the  side  s 
distribution  we  shall  maintain  the  eonilibrium  of  tho  cables.    Th-  thru.}  of  the  arches  In  the  side 
spans  will  be  fully  mot  by  th.  lower  chords.  which  should  be  MftfMMi  ao  that  i 
to  n  move  all  the  bents  from  iind-r  the  hid-  .-['(.I.H  nml  put  them  up  in  the  centre  open 

•  lone,  the  closing  of  the  arches  in  the  c.-ntn>  is  now  to  be  accotnplUbed,  and  Uw  trussc 
be  sufficiently  completed  t>  render  a  further  support  by  SJsJUdtDg  in.neCCSBary. 

If  during  the  process  of  oration,  a  midden  flood  should  occur,  or  flontmg  masses 
endanger  the  safety  of  tho  scaffolding,  the  latt.-r  clmuld  be  watched  day  and  night,  and  < 
if  necessary.  This  may  cause  some  delay,  but  no  further  damage.  ____»_w., 

If  the  spring  of  the  arches  descends  below  tho  lower  chords,  the  wising  of  the  wipoi»Uuulu» 
will  be  easier:  and  this  plan  should  always 

Statement  of  the  Strot*t  in  the  different  membcri  of  a  Trut*d  0*rd*r  JtrUje  of  *X>  /I  ipm 
cfear.-This  iron  truss  alone  weighs  0'85  ton  a  fL,  and  U  proportioned  to  sustain  iU  own  weight 
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and  a  moving  load  of  1100  Ibs.    The  wire  cables  support  a  moving  load  o,  on.y  ,-*, 
Fig.  145r .    Tension  allowed  in  iron  L,  5  tons  the  sq  inT    The  compression  allowed  U 

B*.^.  m.     Jt  iiiit'1  —  Xo  • 

1487. 
306  ft.  span. 


723 
a  ft., 


ft* 


In  the  foregoing  estimate,  we^haye  taken  the  weight  on  the  bridge  at  1-4  ton  a  n.  run.    The 

=  0*85  ton  a  ft.  run.    The  bridge  will  therefore  support,  in 


weight  of  the  structure  itself  is 


260- 1 
306 


addition,  a  moving  load  of  1  -4  —  0*85  =  0*55  ton,  or  1100  Iba.  a  ft.  run. 

1468. 
Steel  Cables. 


Iteaft 

Moving  load 1900 

Top  plate       490 

Cable      123 

Suspender      28 

Total  weight  supported  by  cables     ..  25 41 


153' 


(S3* 


Ton*. 


Total  weight  for  whole  bridge  =  2541  Ibs.  x  306' =  777,546  Ibs.  =     888*77 

Tension  in  cable,  1  •  58  x  388  •  77  tons  =     614*25 

Compression,  Fig.  1458,  in  upper  chord  due  to  the  cable  =  1*5  x  388*77  tons  =     583*  16 
The  cable  being  much  smaller  in  this  example  thnn  hi  the  previous  one,  each  will  consist  of 
only  seven  ropes :  and  taking  the  maximum  tension  allowed  as  before,  at  5  tons  a  pound  a  ft    we 

614 ' 25 
have  the  strength  of  one  rope  =  — — — =43*88  tons;  and  the  weight  a  ft.  of  soch  a  rope  U 

43*88 

— _ —  =8-78  Ibs.    The  diameter  of  this  rope  is  2^,  in.,  and  the  diameter  of  one  cable  7-  in. 

JCOQ  .  1  (* 

Compression. — The  section  required  in  the  top  plate  is  —      —  =  145*79  sq.  in.     Weight 
a  ft.  =  145*79  x  3*36  =  490  Ibs. 

Some  of  this  weight  will  be  thrown  upon  the  channel-bars,  as  in  the  previous  case. 
The  heaviest  section  of  channel-bar  is  56  sq.  in.,  equal  to  142  Ibs.  a  yard. 

The  section  required  for  one  top  plate  is  —      -  =  72-895.    Hence  we  have  left  for  the  top 
plate  72*895  -  56  =  16*895  sq.  in. 

In  order  to  keep  the  channel-bars  of  a  uniform  section  throughout,  wo  will  add  to  thin  top 
plate  the  varying  sections  of  upper  chord,  required  by  the  structure  alone,  in  the  calrul 
above.    The  following  Table  shows  how  this  it  done;  the  sixth  line  gives  the  number  of  *•  in. 
of  section  required  in  the  top  plate  in  each  panel. 

TABLE  or  SECTIONAL  ABBA  or  Top  PLATE  IN  EACH  PANEL. 


Number  of  Panel*. 

0 

1 

ft 

8 

4 

6 

e 

7 

a 

Total  section  of  onej 
top  plate       ..      ..} 

72*895 

n»Mf 

71-SM 

n  M 

T*J   M 

:-•  BM 

n  BN 

7*J   Ml 

n  M 

Section   required    for 

upper      chord      of 

68-040 

68*040 

.:,;  i:.o 

•  •.•_'  :::o 

66-700 

49  140 

::;.  m 

•  HI 

15*120 

structure 

A      n  -gate  section    .. 

140*935   140-985 

UB'Otf 

135*265 

I-..  :,-:, 

r.-j  HO 

112*585 

101*245 

88  015 

Decraoi  assumed  sec- 
tion of  channels   .  . 

M*Mf 

56*000 

M*Mt 

56*000 

H*<  

56*000 

56*000 

56*000 

56*000 

Leaves  for  section  of 

M-9M 

si  •:.:•:, 

••Ml 

n  HI 

:.",  M 

i:.;  M 

N  HI 

y  MI 

32  013 

top  plate 

In.       in. 

In.       In.    In.       In. 

In.        In. 

to.       to. 

In.        In 

Hi.       to.     in.       to. 

in.         In 

Dimcnsionsof  top  plate 

42x2*0242x2  0242x1*98 

42  x  1  88  42  x  1  *75  42  x  1  5742  x  1  34  42  x  1  *08 

48xO*7f 

1 

724 
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Recapitulation  of  whole  Weight. 

Ibs. 

Tie-rods,  counter-rods,  posts,  upper  and  lower  chords  on  one  side       .  .      .  .  144,927 

Additional  weight  on  one  side  ..      ...  ................  93,836 

Extra  items  ............................  21,337 

Weight  of  top  plate  on  one  side,  72-895  sq.  in.  x  3-  36  Ibs.  =  2451bs.,\  ^OTA 

and  245x306=         ......................  /  7*>J7U 

Cable  =  8-78  Ibs.  x  7  =  61-5  x  312ft.  =      ..............  19,188 

Suspenders  =  14  x  806  =  ......................  4,284 

One-half  weight  of  whole  structure  ............  358,542  Ibs. 

Total  weight  of  the  entire  structure  ..      ..      ........  358'  542  tons. 


Weight  a  foot  = 


•06 


=  1-171  ton. 


Statement  of  the  Strains  in  the  different  members  of  a  Trussed  Girder  Bridge  of  300  ft.  span  in  the 
clear.  —  The  iron  truss  alone  weighs  0'62  ton  a  foot,  and  is  proportioned  to  sustain  only  its  own 
weight,  while  the  moving  load  of  3000  Ibs.  a  foot  is  supported  by  wire  cables,  Fig.  1459. 

The  tension  allowed  in  iron  is  5  tons  to  a  sq.  in.  The  compression  allowed  is  4  tons  to  the  sq.  in. 
Length  of  one  panel  =  18  in. 

1459. 


306  ft.  span. 


In  the  foregoing  estimate  we  took  the  weight  of  the  bridge  at  0*62  ton  a  foot  run.  This 
agrees  with  the  result  here  obtained,  since  0-62  x  306  =  189*72  tons. 

Let  us  now  put  in  a  pair  of  steel  cables  to  STipport,  1st,  the  moving  load ;  2nd,  the  weight  of  the 
top  plate  required  to  resist  the  compression  due  to  the  cable ;  and,  3rd,  the  weight  of  the  cables 
and  of  the  suspenders. 

Ibs. 

Moving  load 3000 

Top  plate       771 

Cable ..      193 

Suspenders 36 

Total  weight  on  cables  a  foot  run  . .  4000  Tons. 

Total  weight  for  whole  bridge,  4000  x  306  =      ..      612 

Tension  in  cable  =  1-58  x  612  tons  = 967 

Compression  in  upper  chord  due  to  cable  =  1  •  5  x  612  tons  = 918 

The  ultimate  strength  of  good  steel  cables  is  25  tons  a  Ib.  the  foot,  which  is  equivalent  to 
176,000  Ibs.  a  sq.  in.  solid  wire-section  ;  the  maximum  tension  allowed  is  5  tons  a  Ib.  to  the  foot. 
We  have  two  cables,  one  on  each  side,  each  containing  nineteen  wire-ropes.  Hence  the  strength 

967  25  - 45 

of  one  rope  is  — -  =  25-45  tons ;  and  the  weight  a  foot  of  such  a  rope  is  — - —  =  5-09  Ibs.  a  foot. 

38  o 

The  diameter  of  this  rope  is  1  *7  in.,  and  the  diameter  of  one  cable  of  nineteen  ropes  is  8£  in. 

QT  O 

Compression. — The  section  required  in  the  top  plate  is  —  =  229-5.    Weight  a  foot  =  229-5 

X  3-36  =  771-0  Ibs. 

In  place  of  putting  all  this  section  into  a  plate,  it  is  better  to  divide  it  by  increasing  the  section 
of  the  channel-bars  in  the  upper  chord  somewhat ;  especially  since  the  sections  of  channel-bars 
obtained  in  the  calculation  above  were  so  small  that  they  could  not  be  executed  in  practice.  Let 
us  increase  the  sections  of  the  four  channels  in  one  upper  chord  to  56  sq.  in.,  which  is  equal  to 
142  Ibs.  a  yard  for  each  channel-bar,  the  heaviest  section  rolled.  The  section  required  for  one  top 

229*5 

plate  is  —    —  =  114*75  sq.  in.     Hence  we  have  left  for  the  top  plate  114-75  —  56  =  58*75  sq.  in. 
2 

In  order  to  keep  the  channel-bars  of  a  uniform  section  throughout,  we  will  also  add  to  this  top 
plate  the  varying  sections  of  upper  chord,  required  by  the  structure  alone,  in  the  calculation 
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above.    The  following  Table  shows  how  this  is  done :  the  sixth  line  girea  the  number  of  aq.  in.  of 
section  required  in  the  top  ph\te  in  each  panel. 

TABLE  OF  SECTIONAL  AREA  OP  Top  PLATE  ra  EACH  PAS«L. 


Number  of  Panel. 

0 

1 

2 

3 

4 

6 

7 

8 

Total  section  of  one\ 
top  plate       .  .      .  .  / 

114-75 

114-75 

114-75 

114-75 

114-75 

114-75      114-75 

in-:;, 

114-75 

n   required    fori 

upper      chord      of> 

30-15       30-15 

29-31 

:::<.! 

25-12 

21-775     17-59 

12-56 

6-7 

structure        .  .      .  .  ) 

_-ate  section   .. 

144-90 

144-90 

144-06 

142-39 

139-87 

136-525   132-34 

127-31 

r.'ri:. 

Deduct  assumed  sec-} 
tion  of  channels   .  .  / 

56-00 

56-00 

56-00 

56-00 

56-00 

56-00       56-00 

56-00 

56-00 

Leaves  for  section  of  i 
top  plate        ..      ../ 

88-90 

88-90 

88-06 

86-39 

83-87 

80-525     7U-34 

71  'SI 

65  45 

in.        in.     in.       In.      in.       in.     In.       in.     In.       In. 

In.        In.      In.        In.      in.        in.      In.        in. 

Recapitulation  of  vhole 
Tie-rods,  counter-rods,  posts,  upper  and  lower  chords  on  one  side 

Additional  weight  on  one  side  ..       

Extra  items 

Weight  of  top  plate  on  one  side,  114-75  x  3-36  =  385-5  per  foot,\ 

or  385  x  5  x  3-06  = I 

One  cable,  31 2  ft.  x  19  x  5-09  Ibs 

Suspenders,  Jtc.,  36  x  306,  or,  for  one  side,  18  x  306 


Itw. 

78,711  -3 


' 

3().lT:t  n 
5,508-0 


One-half  weight  of  whole  structure 
Total  weight  of  the  entire  structure 


I  II*. 
313-30  tuns. 


343*36 
Weight  per  foot  =  —     —  =  1  •  122  ton. 


For  further  particulars  respecting  this  system,  the  reader  is  referred  to  Roebling's  large  work, 
published  by  D.  Van  Nostrand,  N.Y. 

Oblique  Bridges  are  bridges  in  which  the  axis  of  the  arch  meets  the  supports  in  an  ohli<-ue 

direction.     Railways  have  much  necessity  for  this  kind  of  bridges,  because  the  survey  frequently 

makes  it  necessary  to  carry  the  track  over  a  road  or  a  canal,  which  it  intersects  at  an  angle  OMM 

or  less  acute.    From  obvious  economical  considerations,  only  the  leading  arches  and  counea  of  the 

springers  are  constructed  of  hewn  stone  ;  the  body  of  tiie  arch  in  formed  of  materials  of  a  weaker 

tion,  often  of  bricks.    These  considerations  have  led  <  n-rim  <-ra  to  the  conception  of  a  plan 

appropriate  to  this  kind  of  construction.     Three  principal  systems  are  at  present  in  use  iti  the 

construction  of  oblique  bridjes:  the  helicoidal  arrangement,  which  was  originatwl  in  Knditnd  .   tlic 

>ual  arrangement,  invented  in  France:  and  that  of  upright  arches  rn  rttraitf,  a  . 

.':it>  Iv  tirou-lit  into  use.    In  each  of  the  two  first  system*,  the  arch  is  semicircular,  and  it  i* 

the  mode  of  its  subdivision  into  voussoirs  which  distinguishes  it  from  ordinary  semicircular  archea. 

The  lielicoidal  Arr-ifrjemtiit.  —  This  is  so  named  fnnu  tho  fact  that  the  edge*  of  tin-  inward  nr«-h 
are  spirals,  and  the  bed-joints,  as  well  as  the  uprL'ht  joint*,  are  helicoidal  surfaces  of  aqnarp- 

1  screws.    This  arrangement  is  determined  in  tho  following  manner:—  Let  K  K  : 
Fig.  14t;»,  be  tlie  spring  lines  of  the  intradoo,  D  11  and  (t  L  those  of  the  extradoa:  II  I 
tin-  hori/ontal  draught*  of  the  principal  plane*:  let  K'V  F'  nnd  K  V  J  IN-  tin-  \crticnl  projection* 
of  the  intersections  of  these  principal  planes  with  the  intrados;  1,  t  I>  (     It  (i'  bo  the  projection  of 
the  intersection  of  the  extrados  on  the  plane  DG  ;  finally,  let  a6c</and  A  BCD  be  the  < 
section*  of  the  intrados  and  extradoa,  developed  upon  the  plane  of  the  spring,  which  u  here  the 
horizontal  plane.     We  will  suppose  these  upright  sections  to  be  circles,  and  eminence  I 
strut-ting  at  a00V  the  d«-velopm,  nt  of  the  intradoa:  wo  draw  the  clionl*  aft  and  a  ft',  dividing 
them  into  the  same  numl«-r  of  equal  parts,  at  tho  ]..int*  1.  2,  3,  and  aoon;  1',  2',  3',  and  no  mi. 
We  join  any  one  point  of  division  «f  a  ff  with  a  |».int  <>f  division  of  *B,  aoeboara  that  the  lino  of 
jiiii''ti..n  ditferri  aa  little  as  possible  from  a  |>fr|M  •ndictilnr  r..mn)on  t"  the  two  rhonla  a  8  and  «'  ff. 
We  see  here,  for  example,  that  to  fulfil  thnw  o.tKlitionx  it  u  neccMary  to  join  the  • 

in  the  same  way  tho  |«>int  3'  t"  the  |»int  «'>.  the  |»int  '!'  t»  the  point  5,  and  ao  on     tho 


IK)int  5'  to  the  |K.int  X.  »nd  *,  <m  w  ith  tli.    r.  -t     U  I  idiall  thus  ol.tuin  a  wrica  of  paralh  1  and  •  -|iu- 
distant  right  line*.     The  niimlN-r  of  tli-  "f  a/8  or  a'  fl'  aboald  b«  Kgulat< 

manner  that  the  distatic.  «{  two  i-<>ni«-<-iiti>e  pnrnlleU  nhould  Iw  c*|Ual  to  Uie  thiokn*«- 
materiiils  whicli  are  intcnd^l  to  bo  used  for  the  l-.lv  of  the  nr.-h.  <.r  ,«l..>uld  only  aligbtlT  woaad 
that  thicknosa.  If  we  imagine  tho  fl^nre  aBB'a  to  !>«•  a|>pli.^l  u|«m  tl.e  rvlinder  of  the  btradoa, 
the  parallel*  in  i{uet»tion  will  become  Hpiml  ptirallela.  Th«nc  are  the  apiraia  which  aw  takra  aa  » 
guicle  for  the  «-dg»-s  of  tho  inw»nl  arrh.  Wo  obtain  the  projections  of  these  apiraia  In  the  following 
manner:—  If  from  the  points  of  division  of  afl  and  «  /§*,  which  occupy  the  aame  level,  we  draw 


lie  parallel  to  the  axis  (MX  of  the  arch,  and  will  be  nothing  n 
•  •f  the  intradoa.  To  obtain  the  ptrojectiooa  of  th«M  generating  HIM 
fercncea6c</ into  as  many  equal  partaaaa0;  and  imm  the  poiate 


right  line.t,  they  will 

than  the  generatrices  of  the  intradoa. 

divide  the  half-circumference  abed  into  as  many  equal  parts  aa  a/9 


more  or  IMS 

t 
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dmw  parnlleU  to  OO';  the«e  are  the  horizontal  projections  of  the  generating .  lines.  From 
the  potato  when  theeo  |>r»i«-ti<>n>  imvt  the  right  Una  K  F,  \vo  draw  perpendiculars  to  the  base 
line  XT;  the  point*  where  theae  perpendicular*  inert  the  wmi-ellip.se  K'  V  F'  will  belong  to  the 
rertkal  MOJeonont  of  the  corresponding  generatrices;  and,  by  drawing  from  these  last  points  lines 


MM. 


1465. 


parallel  to  X  Y,  we  shall  have  the  vertical  projections  themselves.  This  being  understood,  if  we 
wish  to  obtain,  for  example,  the  horizontal  projection  of  the  generating  line  4'  7,  we  mark  the 
jKiints  »,  <p,  0,  f,  where  it  meets  successively  the  leading  curve  a«/3,  the  generatrix  6 '6',  the  genera- 
trix 5-5',  and  the  leading  curve  o'«'/3';  from  these  points  we  draw  lines  perpendicular  to  0  O', 
ending  respectively  on  the  right  line  EF,  the  horizontal  projection  of  the  generatrix  6 '6',  on  that 
of  the  generatrix  5  •  5',  finally  on  the  right  line  K  J ;  we  shall  thus  obtain  four  points,  e,  /,  ^  z,  of 
the  required  projection,  and  it  will  be  easy  to  trace  this  projection.  In  the  same  manner,  the 
horizontal  projection  of  the  other  spirals  will  be  obtained :  they  are  marked  in  dark  lines  in  the 
quadrilateral  EF  JK.  To  obtain  the  vertical  projection  of  a  spiral,  it  is  necessary  to  mark  the 
points  where  its  horizontal  projection  meets  the  horizontal  projections  of  the  different  generatrices 
of  the  cylinder,  and  from  these  points  to  draw  lines  per- 
pendicular to  the  base  line,  until  they  meet  the  vertical 
projections  of  the  same  generatrices  •  we  thus  obtain  the 
carves  c'  *t  6'  /,  and  so  on. 

S/rintl  gwfaces  with  a  square-threaded  twist  are  taken 
for  the  bed-joints ;  that  is,  each  of  these  joints  is  governed 
l>y  a  right  line  subject  to  remain  parallel  to  the  plane  of 
the  upright  section  of  the  cylinder,  and  to  rest  constantly 

noon  the  axis  O  (X  of  this  cylinder,  and  upon  the  spiral 

which  forms  the  edge  of  the  inner  arch  corresponding  to 

the  joint  under  consideration.     Before  going  further,  it  is 

necessary  to  determine  the  intersection  of  these  spiral  joints 

with  the  leading  planes.   The  intersection  of  a  spiral  sur- 
face with  a  plane  may  be  constructed  by  the  ordinary 

methods  of  descriptive  geometry.    Let  us  suppose  that  the 

vertical  line  O  I,  Fig.  1465,  is  the  axis  of  the  surface;  and 

that  the  directing  spiral  has  for  its  horizontal  projection 

the  circumference  O  A,  and  for  its  vertical  projection  the 

sinusoid  A  B'  A' ;  and  let  P  Q  be  the  vertical  "; 

tracing  of  the  intersecting  plane,  supposed  to  be  perpen- 
dicular to  the  vertical   plane  of  projection.    Draw  any 

auxiliary  horizontal  plane  K  H  ;  this  auxiliary  plane  will 

intersect  the  helicoidal  surface  according  to  a  horizontal  line 

which  is  projected  vertically  upon  K  H,  and  horizontally  according  to  a  radius  O  N,  which  will  be 

determined  by  the  condition  that  the  arc  A  D  N  shall  be  to  the  entire  circumference  in  tho 
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ratio  of  A  H  to  tjic  space  A  A'.  The  same  auxiliary  piane  will  intersect  the  plane  P  Q,  accord- 
ing to  a  line  perpendicular  to  the  vertical  plane,  which  is  projected  vertically  according  to  the 
point  M',  and  horizontally,  according  to  a  line  m  M,  perpendicular  to  the  base  line.  The  point 
M,  31',  belonging  at  the  same  time  to  the  generatrix  I  H,  O  N2 ,  and  to  the  intersection  of  the  auxi- 
liary and  the  intersecting  planes,  is  a  point  of  the  intersection  of  the  plane  P  Q  with  the  helicoidal 
surface.  We  can  obtain  in  the  same  manner  as  many  points  of  this  intersection  as  may  be  desired. 
For  facility  of  working,  it  will  be  convenient  to  divide  the  circumference  A  B  and  the  space  A  A' 
into  the  same  number  of  equal  parts  starting  from  the  point  A,  the  points  of  division  of  the  saino 
level  will  give  the  radius  analogous  to  O  N,  and  the  horizontal  plane  analogous  to  K  H,  which  will 
determine  one  point  of  the  desired  line.  Having  the  projections  of  the  required  intersection,  we 
can  obtain  it  in  its  true  dimensions  by  describing  the  plane  P  Q  around  its  vertical  tracing. 

To  solve  the  same  problem,  we  can  also  employ  calculation.  If  we  take  for  the  axis  of  z  the 
axis  O  I  of  the  surface,  for  axis  of  a:  the  direction  of  the  radius  OA,  and  for  axis  of  y  a  per- 
pendicular radius,  designating  by  h  the  space  A  A'  of  the  directing  spiral,  we  shall  have  for 
equation  of  the  helicoidal  surface, 


z  =  x—  arc  tan.  ^ 


[1] 


If  o  designates  the  angle  of  P  Q  with  the  axis  of  x,  and  6  the  distance  o  c,  we  shall  have  for 
equation  of  the  intersecting  plane, 

z  =  x  tan.  a  +  b. 
Eliminating  x  from  these  two  equations,  we  obtain  the  equation  of  the  projection  of  the  desired 

h  x 

intersection  upon  the  plane  of  x  y;  that  is,  ^—  arc  tan.  —  =  x  tan.  0  +  6,  whence 
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y  =  x  tan.  —  (x  tan.  a  +  6), 


[3] 
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which  curve  we  can  construct  by  points.  The  intersection  of  the  dividing  plane  with  the  vertical 
cylinder,  which  has  this  curve  for  its  base,  will  be  the  intersection  of  the  same  dividing  plane  with 
the  helicoid  surface. 

Whichever  of  the  two  methods  we  employ,  we  shall  find  that 
the  curve  which  has  for  its  equation  the  r'elation  [3],  has  a  form 
analogous  to  that  indicated  in  Fig.  1466.  It  is  composed  of  two 
branches  which  have  a  common  asymptote  a  a,  and  two  other 
asymptotes,  belonging  one  to  each,  j8  /3,  77,  all  three  parallel  to 
the  axis  of  y.  Other  branches  and  other  asymptotes  may  be  ob- 
tained by  paying  attention  to  the  undefined  part  of  the  helicoidal 
surface,  which  is  extended  outside  the  cylinder,  whose  base  is  the 
circle  A  D  B  but  this  consideration  is  of  no  value  in  the  question 
with  which  we  are  occupied.  If  we  imagine  a  vertical  cylinder, 
having  for  its  base  the  two-branched  curve  of  Fig.  1466,  we  have 
seen  that  its  intersection  by  the  cutting  plane  P  Q,  Fig.  1465,  will 
be  at  the  same  time  the  intersection  of  this  plane  with  the  heli- 
coidal surface.  This  intersection  will  evidently  have  a  form 
analogous  to  the  curve  in  1466. 

For  each  helicoidal  joint  it  would  be  necessary  to  construct  an 
analogous  curve,  if  it  were  desired  to  have  exactly  its  intersection 
with  the  leading  plane.  But  when  the  upright  section  of  the  arch 
has  a  great  radius,  as  is  often  the  case,  the  intersections  of  the 
joints  with  the  leading  plane  have  only  a  slight  curvature,  and 
may,  without  any  appreciable  error,  be  considered  as  right  lines  ; 
we  can  then,  in  the  construction  of  these  lines,  profit  by  a  remark- 
able property  of  these  curves.  If  from  points,  such  as  b'  and  c', 
Fig.  1464,  where  the  intersections  of  the  helicoidal  joints  with  the 
leading  plane  meet  the  curve  of  the  intrados  E',  c',  &',  F',  we 
draw  tangents  to  these  intersections,  all  these  tangents  will  come 
together  at  one  point  I',  situated  upon  the  vertical  line  of  the 
centre  O".  Let  us  now  consider  the  equation  [3]  :  taking  the  differentials  of  the  two  terms, 


we  obtain  y'  —  tan.  —  (x  tan.  o  +  6)  + 5— 

h  .  * 


cos.1  —  (x  tan.  a  +  &) 
h 


Now  the  ordinate  Y  of  the  point,  where  the  tangent  of  this  curve  meets  the  axis  of  .y,  has  for  its 
equivalent  y  -  y' x;  substituting  for  y  and  y'  their  equivalents,  and  reducing,  we  obtain 


Y  = 


2  IT  tan.  a 


A  „  2  IT 

cos.z  —  (a;  tan.  o  +  o) 
n 

O  —  fy 

But  the  equation  of  the  curve  gives  tan.  —  (x  tan.  a  +  6)  =  —  ,  whence  we  get 

08  *  ?_?  (X  tan  a  +  6)  =      ** 
Substituting  for  Y,  it  follows  that  Y  =  -        —  (x*  +  f}. 
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If  w«  consider  in  particular  the*  point  of  the  curve  which  is  on  the  circumference  0  A,  Fig.  1460, 
the  raliiu  of  which  we  represent  by  r,  we  may  write 

Y  =  2JLten1«rt>  [4] 

which  otPfOirion  u  independent  of  b ;  that  is  to  say,  the  distance  Y  would  remain  the  same  if  we 
trauipowd  the  intersecting  plane  P  Q  in  a  direction  parallel  to  itself,  or,  what  amounts  to  the 
game  tfwe  mined  the  li.-lii-.ii.lul  surface  to  revolve  in  a  direction  parallel  to  its  axis.  Let  us 
otecrro  now,  that  all  th.-  riuht  lines,  which  on  beiug  described  round  the  cylinder  of  the  intrados, 
.  .:  |  ...;..•  ingmidldii^it  linai;  thaieedgMof  the&merarah 

•re  equal  mink.  The  surfaces  of  the  joints  which  have  these  spirals  as  directing  lines  are  then 
equal  thein»elTee;  and  they  can  be  made  to  coincide  by  causing  them  to  revolve  sufficiently  in  a 
direction  parallel  to  the  axis  of  the  intrados.  It  follows  from  this  that  in  place  of  cutting  all  the 
•oriaoMofthe  joints  by  the  leading  plane,  we  should  obtain  the  same  intersections  by  cutting 
only  one  of  them  by  planes  parallel  to  the  leading  plane  situated  at  convenient  distances  from 
this  leading  plane.  The  projections  of  the  curves  of  intersection  upon  the  plane  of  the  upright 
Motion  will  then  also  be  tin-  >:nne,  tlmt  is.  that  to  obtain  them  it  is  sufficient  properly  to  vary  6  in 
the  equation  [8].  But  tlu-  distance  Y  is  independent  of  6;  hence,  if  from  the  points  where  the 
.liir.-r.nt  curves  which  arc  projections  of  the  intersections  of  the  surfaces  of  the  joints  by  the 
leading  plane,  in.  •  t  tin-  circumference  abd,  Fig.  14(54,  we  draw  tangents  to  those  curves,  they 
will  come  together  at  a  point  I,  situated  on  the  axis  O  O'  at  a  distance  from  the  centre  indicated 
by  the  expression  of  Y.  But  we  know  that  the  projection  of  the  tangent  of  a  curve  is  itself  a 
tangent  of  the  projection  of  this  curve.  If  then  the  lines  Bft,  Cc,  and  so  on,  Fig.  1404,  are  the 
projection*  of  the  lines  B'  6',  C'  c',  and  so  on,  upon  the  plane  of  the  upright  section,  the  tangents 
.  and  so  on,  are  the  projections  of  the  tangents  at  6',  c7,  and  so  on.  Now  the  tangents  at  6,  c, 
and  so  on,  come  together  at  one  point  I,  then  the  projecting  planes  of  which  these  tangents  are 
tli--  tracings,  and  which  are  all  parallel  to  the  axis  O  O',  intersect  in  the  direction  of  a  line  parallel 
t.>  this  nxis  passing  through  the  point  I.  This  parallel  line  meets  the  leading  plane  at  a  point  of 
tin-  vertical  of  the  point  O,  which  is  projected  at  I'  to  a  distance  from  O"  equal  to  O, I;  finally, 
then,  the  tangents  of  the  points  >>',  c\  and  so  on,  all  meet  together  at  the  point  I'. 

The  distance  O"  I',  or,  in  absolute  value,  Y,  is  easily  constructed.  From  the  centre  0  of  the 
upright  section  we  draw  a  line  parallel  to  the  tracing  E  F  of  the  leading  plane,  until  it  meets  at 
T  with  the  prolongation  -i  F  of  the  line  of  the  spring ;  and  from  the  point  T  we  draw  T  Z  parallel 
to  the  right  lines  4' '7,  or  3' '6,  and  so  on,  which  are  the  development  of  the  edges  of  the  inner 
arrh ;  .1  /  will  be  the  desired  distance.  We  have  already  called  a  the  angle  G  D  A  which  the 
leading  plane  makes  with  the  axis  of  the  intrados ;  let  us  now  call  i  the  angle  a  T  Z,  equal  to  the 
angle  a  a'  3  which  the  developed  spiral  makes  with  a  line  parallel  to  the  axis  ;  there  results  from 

2ir 

this,  tan.  i  =  — — .    Now  the  triangle  O,  T  a  gives  T  a  =  O,  a  tan.  o  =  r  tan.  a,  and  the  triangle 
A 

2  TT  r 

Tax  gives  aZ  =  Ta  tan.  i  =  r  tan.  o  tan.  i  —  r  tan.  a  — - — ,  a  quantity  which  is  equal  to  Y  in 

absolute  value. 

The  application  of  this  property  to  the  purpose  we  are  considering  is  easily  made ;  join  the 
points  Vc'»  and  so  on,  to  the  point  1';  the  prolongations  B'6',  C'o',  and  so  on,  of  the  lines  of 
junction  will  be  the  tangents  at  b,'  c',  and  so  on,  to  the  intersections  of  the  surfaces  of  the  joints 
by  the  leading  planes,  and  may  be  taken  for  these  intersections  themselves  under  ordinary  circum- 
•tanoes  where  these  curves  have  only  an  inappreciable  curvature. 

To  determine  the  upright  joints,  draw  right  lines  such  as  ju  t>,  Fig.  1464,  perpendicular  to  the  right 

lines  pa',  <ry,  and  so  on,  which  are  the  development  of  the  edges  of  the  inner  arch.    Only  a  few  of 

these  perpendiculars  are  marked  on  the  sketch.     When  the  figure  o  /8  £'  a'  is  applied  to  the 

cylinder  of  the  intrados,  the  perpendicular  in  question  become  arcs  of  spirals,  such  as  that  which 

is  projected  at  mn,  normal  to  the  edges  of  the  inner  arch.    Helicoidal  surfaces  with  a  square 

threaded  twist  having  these  spirals  for  directrices  are  taken  for  the  upright  joints.     The  arch  is 

thus  divided  into  voussoirs  by  surfaces  normal  to  the  inner  arch  and  perpendicular  to  one  another, 

which  is  the  essential  condition  of  the  arrangement  of  an  arch.     To  obtain  an  intermediate  point 

of  the  spiral  projected  at  m  n,  we  take  an  intermediate  point  upon  the  right  line  /u  v,  for  example, 

that  which  is  found  upon  the  generatrix  3  •  3' ;  drawing  from  this  point  a  line  perpendicular  to  O  O' 

until  we  meet  with  the  horizontal  projection  of  the  generatrix  corresponding  to  3  •  3,  we  shall  have 

the  horizontal  projection  of  the  desired  point.    To  get  the  vertical  projections  corresponding  to 

m  and  «,  it  will  be  sufficient  to  draw  from  these  points,  perpendiculars  to  the  base  line  until  we 

?t  at  m  and  n  with  the  lines  c'  k  and  6'  /,  vertical  projections  of  the  generatrices,  of  which  r  m 

I  *  u  are  the  horizontal  projections.    As  to  the  intermediate  point  between  m  and  n,  we  shall 

r  from  this  point  a  line  perpendicular  to  A  D,  and  one  perpendicular  to  X  Y ;  taking  that 

the  former  which  is  comprised  between  A  D  and  the  circle  abed, -we  shall  carry  it  on 

to  the  second  starting  from  X  Y;  we  shall  thus  have  an  intermediate  point  upon  the  projection 

B  may  proceed  in  the  same  manner  for  the  other  upright  joints.     We  have  at  fj.  v  a  p  the 

ipment  of  the  panel  of  the  inner  arch  corresponding  to  that  portion  of  the  intrados  comprised 

the  joint  mn  and  the  leading  plane.     The  surfaces  of  the  joints  cut  the  extrados  in 

ion  of  spirals  having  respectively  the  same  space ;  and  this  consideration  affords  the 

obtaining  the  development  of  the  panel  of  the  extrados  which  corresponds  to  the  panel 

the  intrados.     In  fact,  the  two  bed-joints  and  the  upright  joint  which  form  the  limits  of 

soir  corresponding  to  m  n  s  r,  are  cut  according  to  two  right  lines  starting  from  the  points 

I  »,n,  which,  being  the  generatrices  of  the  two  bed-joints,  are  parallel  to  the  upright 

ion  of  the  intrados  and  meet  the  axis  O  O1.    These  horizontal  projections  will  then  be  directed 
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according  to  lines  perpendicular  to  O  O'  drawn  from  the  points  m  and  n ;  and  if  we  develop  the 
extrados,  the  points  where  the  surface  is  met  by  the  said  generatrices  will  fall  at  M  and  N  situated 
upon  the  prolongation  of  the  right  lines  m  /j.  and  n  v.  On  the  other  hand,  if  A  U  is  the  develop- 
ment of  the  leading  arc  of  the  extrados,  supposed  to  be  obtained  in  the  same  manner  as  for  the 
intrados,  the  point  projected  at  C'  will  fall  at  R,  and  the  point  projected  at  B'  will  fall  at  S.  The 
spirals  of  the  extrados  which  pass  through  these  two  points  having  the  same  space  as  those  of 
the  intrados  which  pass  through  the  points  p  and  cr,  will  give,  on  development,  right  lines  which 
will  meet  together  at  the  same  points  of  the  line  of  a  L,  starting  from  which  we  effected  the  two 
developments ;  that  is  to  say,  the  spiral  corresponding  to  the  point  R  will  give  the  right  line  R  a, 
which  converges  with  pa  to  the  same  point  o' ;  and  the  spiral  corresponding  to  the  point  S  will 
give  the  right  line  S  <r',  which  converges  with  er  a'  to  the  same  point  IT'  of  the  line  a  L.  These 
right  lines  R  a'  and  S  a'  will  determine  the  points  M  and  N ;  and  we  shall  have  at  M  N  S  R  the 
development  of  the  panel  of  the  extrados  corresponding  to  the  panel  M  va  p  of  the  intrados. 

Before  proceeding  to  cut  the  voussoir,  it  is  still  necessary  to  effect  its  projection  on  the  plane 
of  the  right  section.  For  this,  draw  from  the  points  m  and  n  perpendiculars  to  A  D  until  they 
meet  the  circumference  a  b  c  d  at  m^  and  nj ;  then  from  the  centre  O,  take  the  radii  m,  M,,  and 
n,  N, ;  these  will  be  the  projections  of  the  generatrices  of  joints  which  pass  along  the  points 
m',  m',  and  n,  n'.  We  have  already  the  right  lines  B  b  and  C  c  which  concur  at  the  point  1,  the 
projection  of  the  voussoir  under  consideration  will  be  comprised  between  the  right  lines  B  6  and 
M,  n,.  To  apply  the  draught  upon  stone,  prepare  a  prism  having  for  its  base  the  curvilinear 
quadrilateral  B  b  m,  M,  and  for  its  height  the  distance  of  the  points  r  and  n  computed  parallel  to 
O  O'.  After  having  marked  upon  the  two  bases  the  points  b,  c,  m,,  n,,  B,  C,  M,,  N,,  join  the 
corresponding  points  by  right  line,  which  will  be  the  generatrices  of  the  cylinders  of  the  intrados 
and  the  extrados.  Upon  the  concave  cylindrical  surface  apply  the  flexible  panel  ju  v  a  p  in  such  a 
way  that  the  point  v  falls  at  n,,  upon  one  of  the  bases,  the  point  p  at  c  upon  the  othei  base,  the 
point  ff  upon  the  generatrix  starting  from  6,  and  the  point  /u  upon  the  generatrix  starting  from  m,. 
Apply  upon  the  convex  cylindrical  surface  the  flexible  panel  M  N  S  R,  in  such  a  way  that  the 
point  N  falls  at  N,  upon  one  of  the  bases,  the  point  R  at  C  upon  the  other  base,  the  point  S  upon 
the  generatrix  starting  from  B,  and  the  point  M  upon  the  generatrix  starting  from  M,,  By  the 
help  of  these  two  panels  trace  spirals  answering  to  the  right  lines  /*  p,  v  a,  n  v,  M  R,  N  S,  M  N, 
and  the  elliptical  arcs  corresponding  to  the  curves  p  a-  and  R  S.  These  two  last  arcs  will  deter- 
mine the  plane  of  the  heading  face,  and  allow  the  face  to  be  cut.  As  for  the  spiral  joints,  they 
will  be  cut  by  using  a  rule  passing  along  points  of  reference  marked  out  previously  upon  the  right 
lines  fi  p  and  M  R,  upon  the  right  lines  p.  p  and  N  S,  and  upon  the  right  lines  /u  v  and  M  N.  These 
points  of  reference  are  obtained  easily  by  dividing  into  the  same  number  of  equal  parts  the  right 
corresponding  lines  upon  which  they  have  to  be  marked.  In  the  same  way  all  the  voussoirs 
belonging  to  the  leading  arcs  may  be  cut. 

Supposing  the  arch  to  be  entirely  constructed  of  ashlar  work,  all  the  longitudinal  voussoirs 
might  be  cut  in  the  same  manner.  They  could  also  be  obtained  by  a  method  exactly  similar  to 
that  used  in  shaping  the  stones  for  the  helix  of  a  corkscrew  staircase.  But  more  generally  the 
body  of  the  arch  is  constructed,  as  has  been  said,  of  materials  of  small  dimension,  for  example,  of 
bricks.  The  stones  which  compose  this  construction  are  then  identical  one  with  another,  and  to 
place  them  properly,  spread  upon  the  framework,  which  is  to  bear  the  arch  for  a  time,  a  layer  of 
plaster  forming  a  cylinder  equal  to  the  intrados,  upon  this  layer  trace  the  spirals  which  form  the 
edges  of  the  inner  arch ;  the  distance  from  one  to  another  is  that  of  the  thickness  of  the  stones 
which  are  to  be  used ;  it  only  remains  to  place  these  latter  in  the  intervals  between  the  spirals,  so 
that  the  face  which  is  to  form  the  inner  arch  coincides  with  the  layer  of  plaster,  and  they  are 
then  united  by  cement. 

Independently  of  the  voussoirs  belonging  to  the  head  arches,  the  upper  course  of  the  imposts, 
and  the  triangular  voussoirs  marked  by  the  letter  o>  in  Fig.  1459,  named  coussinets,  are  constructed 
of  stone.  These  coussinets  must  be  firmly  fixed  in  order  to  resist  the  thrust  of  the  layers  which 
have  a  tendency  to  slip  along  the  bed-joints,  considerably  inclined  towards  the  springers.  For 
this  reason  the  coussinets  are  shaped  so  as  to  fit  in  with  the  stones  of  the  upper  course  of  the 
imposts.  These  coussinets  have  a  concave-cylindrical  face  on  the  intrados,  a  convex-cylindrical 
face  on  the  extrados,  a  spiral  face  making  part  of  a  bed-joint,  and  a  spiral  face  forming  an  upright 
joint.  They  are  shaped  like  the  heading  voussoirs,  by  means  of  panels  of  development  of  the  faces 
of  the  intrados  and  extrados ;  the  figures  a  1"  1  and  A  1"  x,  Fig.  1464,  represent  these  two  develop- 
ments for  the  first  coussinet  on  the  left. 

The  defect  of  the  helicoidal  arrangement  lies  in  the  tendency  of  certain  courses  to  slip 
outwards  :  thus  the  course  projected  at  6'  c'  k  /,  Fig.  1464,  has  a  tendency  to  slip  towards  the  back 
of  the  arch.    To  avoid  this  defect,  the  helicoidal  arrange- 
ment may  be  limited  to  that  portion  of  the  arch  comprised 
between  the  leading  plane  and  a  neighbouring  upright  •- 
section.    If,  for  example,  A  B  and  C  B,  Fig.  1467,  repre- 
sent the  horizontal  tracing  of  the  leading  planes,  and  M  N 
and  O  P  those  of  two  neighbouring  upright  sections,  the 
.  helicoidal  arrangement   may  be  employed  only  for  the 
portions  A  B  N  M  and  C  D  P  O  of  the  arch,  and  the  por- 
tion M  N  P  O  be  arranged  as  in  an  ordinary  cylindrical 
arch.    The  courses  which  have  a  tendency  to  slip  out- 
wards, at  C  and  at  B,  are  thus  suppressed,  or  at  least  reduced  to  the  leading  voussoirs.     More  espe- 
cially in  case  the  arch  is  intended  to  be  of  great  length  will  it  be  useful  to  adopt  this  arrangement. 

The  helicoidal  arrangement  has  also  been  charged  with  a  tendency  in  the  courses  to  become 
twisted  when  the  framework  is  taken  away  and  before  the  mortar  has  acquire'd  a  proper  consistency. 
To  remedy  this,  it  has  been  proposed  to  replace  the  upright  spiral  joints  by  plane  joints  parallel 
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to  the  leading  planea.    But,  on  this  supposition,  it  would  be  preferable  to  adopt  the  orthogonal 
• 

Tkt  Orthogonal  Arrangement.—  A.  line  meeting  normally  all  the  curves  of  a  series  is  called  their 
orthogonal  trajectory.  In  th«  arrangement  umler  eon.-idrrntion  tho  upright  joints  are  vertical 
plane*  parallel  to  tin-  leudm-  plunes;  those  planes  cut  the  intrados  according  to  curves  equal  to 
the  leading  •««.  ellipses  for  instance;  the 
edge*  of  the  sufflU  are  the  orthogonal  trajec- 
tories of  these  oqual  curve*,  and  the  arrange- 
mont  ought  to  be  called  the  arrangement  by 
Orthogonal  trajectories. 

I  pp.j.vtions  of  these  trajectories  are 
UMlim  tnil  in  the  following  manner.  Lot 
AC  and  11  1>.  Fig.  1  •*»>*.  be  the  spring  lines 
»f  tin-  nn-h  ;  wo  shall  take  the  plane  of  the 
apriiii:  f»r  tlu>  horizontal  plane  of  project!"]), 
i*n.  I  tho  li-wdini;  piano  A  B  for  the  vertical 
plane.  To  make  it  more  clear,  we  shall  sup- 
pose that,  aa  ia  most  frequently  tho  case,  the 
finding  curve*  are  circles.  Let  *  x,  y  y,  *  z, 
.  th  tr-.i  'ings  <  r'  ]•]••<'.••  -  p.  mild  to  tlie 


lemling  planes,  and  which  determine  the  up- 
right joints  ;  let  0,  1',  2',  8',  4',  5',  be  the 
centre*  of  circles  accord  ing  to  which  the  in- 
tersections of  these  planes  with  the  intrados 
are  projected.  It  will  be  noticed  at  the  outset 
that  each  of  tho  required  trajectories  is  pro- 
jected upon  the  vertical  plane  according  to  a 


curve  which  is  itself  an  orthogonal  trajectory 
centres  are  0,  1',  2  ,  3',  4', 


/  w 

of  the  circles  whose  centres  are  0,  1',  2',  3',  4',       '          ^^      ' 

5'.    For  if  we  consider  by  itself  one  of  the 

required  tmi- stories,   at  the  point  where  it 

meets  one  of  the  circles  x  x,  y  i/,  and  so  on,  its 

tangent  is  perpendicular  to  the  tangent  of 

this  circle,  which  is  parallel  to  the  vertical  ^ 

plane.    Now,  when  a  right  angle  has  one  of 

its  sides  parallel  to  one  of  the  planes  of  pro- 

jivtion,  wo   know  that  it  is  projected  upon 

this  plane  at  a  right  angle;  the  tangent  of 

the  trajectory  in  question  then  is  projected 

vertically  according  to  the  normal  of  the  projection  of  the  circle  under  consideration,  and  as  we 

can  say  the  same  of  all  the  analogous  circles,  it  results  that  the  projection  of  the  trajectory  meets 

all  these  circles  normally,  and  that  it  is  in  consequence  their  orthogonal  trajectory 

This  trajectory  of  the  circles  0, 1',  2',  and  so  on,  may  be  determined  exactly  by  calculation.   Any 
one  of  these  circles  has  for  its  equation 

B  designating  the  radius  and  a  the  abscissa  of  the  circle,  computed  on  X  Y,  starting  from  any  part  ; 
for  example,  from  the  point  A.  It  is  demonstrable,  by  the  differential  calculus,  that  to  obtain  the 
orthogonal  trajectory  of  a  series  of  curves,  we  must  state  the  equation 

1  4-    '  —  —  0  T61 

in  which  y'  represents  the  angular  coefficient  of  the  tangent  to  one  of  the  proposed  curves,  and  must 
eliminate  from  this  proportion  and  the  general  equation  of  these  curves,  the  variable  parameter 

which  belongs  to  each  curve.    From  the  equation  [5]  we  obtain  y'  =  —  -     — ,  consequently  we 

should  have  1 ~  =  0 ;  eliminating  d  from  this  proportion  and  the  equation  [5],  and 

then  integrating,  we  obtain  for  the  equation  of  the  required  trajectory 

*  =  log.'  — — ^J-  +  — — _ZJL  +  const.  [7] 

y  B 

We  see  that  all  the  orthogonal  trajectories  of  the  circles  0, 1',  2',  3',  and  so  on,  are  equal  curves,  and 
that  having  obtained  one  of  them,  we  shall  get  all  the  others  by  causing  the  first  to*  revolve  parallel 
tr  the  axis  X  Y.  If,  for  example,  we  suppose  the  arbitrary  constant  =  O,  we  shall  find  for  x  and  y 
the  corresponding  values  stated  in  the  following  Table  :— 


1 

0-9 
0-8 
0-7 
0-6 
0-5 


9_ 

R 

0-4 
0-3 
0-2 
0-1 
0-0 


Values  of  - 

JK 
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o-ooo 

-0-031 
-0-092 
-0-183 
-0-298 
-0-460 


-0-649 
-0-918 
-1-310 
-1-993 

—  oo 


These  values  correspond  with  a  curve  of  the  form  indicated  in  Fig.  1469.    If  the  sections  parallel 
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to  the  leading  planes  were  ellipses  having  for  semi-axes  a  and  6,  we  should  likewise  find  for  the 
equation  of  the  orthogonal  trajectory  of  their  projections  upon  the  vertical  plane 


6*  n    .' 

=  -[**•- 


y 

Instead  of  having  recourse  to  calculation,  we  may  construct  the  curve  approximately  by  the  pro- 
perty which  serves  for  its  definition.  For  example,  let  M',  Fig.  1468,  be  the  first  point  from  which 
we  wish  to  draw  an  orthogonal  trajectory  of  the  circles  0,  1',  2',  3',  and  so  on.  If  from  the  point 
M'  we  draw  a  right  line  in  the  direction  of  the  point  0,  until  it  meets  the  circle  1' ;  from  the  point 
of  meeting,  a  right  line  in  the  direction  of  1',  until  it  meets  the  circle  2';  from  the  new  point  of 
meeting,  a  right  line  in  the  direction  of  2',  until  it  meets  the  circle  3' ;  and  so  on  ;  we  shall  obtain 
a  broken  line  M'  J,  which  will  differ  less  and  less  from  the  desired  curve,  in  proportion  as  the 
sections  x  x,  y  y,  *  *,  and  so  on,  are  nearer  one  to  another.  But  it  will  be  a  little  lower  in  position 
than  this  curve,  because  its  successive  sides  are  normal  only  to  the  circle  which  passes  round  their 
upper  extremities.  If  on  the  contrary  we  join  M'  to  the  point  1',  arresting  the  line  of  junction  at 
the  circle  1',  and  from  the  point  of  meeting  draw  a  right  line  in  the  direction  of  the  point  2',  until 
it  meets  the  circle  2',  and  so  on,  we  shall  have  a  second  broken  line  M'  B,  which  will  also  differ 
very  little  from  the  desired  trajectory,  but  which  will  be  a  little  higher  in  position,  because  its 
sides  are  normal  only  to  the  curve  which  passes  round  their  lower  extremities.  If,  then,  we  form  a 
broken  line  M'  N',  by  joining  the  middle  points  of  the  arcs  of  the  circles  intercepted  by  the  two 
lines  M'/8  and  M'  o,  the  line  thus  traced  will  differ  still  less  than  the  two  preceding  from  the  curve 
we  wish  to  obtain. 

The  projection  M'  N'  of  the  trajectory,  which  is  to  serve  as  the  edge  of  the  inner  arch,  being 
obtained  by  one  of  the  above  methods,  we  can  easily  deduce  therefrom  its  horizontal  projection  ; 
to  do  this,  from  the  points  at  which  M'  N'  meets  the  circles  0,  1',  2',  3',  4',  5',  we  let  fall  perpen- 
diculars to  the  base  line,  terminated  at  the  right  lines  A  B,  x  x,  y  y,  z  z,  u  u,  C  D,  horizontal 
projections  of  these  circles ;  and  joining  by  a  continuous  curve  the  points  thus  determined,  we 
shall  have  the  projection  M  N  of  the  trajectory  upon  the  horizontal  plane. 

We  take  for  the  bed-joint  corresponding  with  each  edge  of  the  inner  arch  the  left  surface  formed 
by  the  normals  to  the  intrados  drawn  from  the  different  parts  of  this  line.  To  obtain  the  normal 
to  the  intrados  at  any  point  of  the  trajectory  M  N,  M'  N', — at  the  point  P,  P',  for  example, — it  will 
be  observed  that  this  normal  is  perpendicular  to  the  tangent  of  the  circle  x  x ;  and  as  the  latter  is 
perpendicular  to  the  vertical  plane,  the  normal,  for  the  reason  already  given,  will  be  projected 
vertically  according  to  a  perpendicular  to  the  tangent  at  P'  of  the  circle  1' ;  that  is,  according  to 
the  normal  P'  Q'  to  this  circle.  Besides,  the  normal  to  the  intrados  being  included  in  the  plane 
of  the  upright  section,  it  will  be  projected  horizontally  upon  the  horizontal  tracing  of  this  section, 
that  is  to  say,  perpendicularly  to  the  axis  of  the  arch,  or  according  to  P  Q  perpendicular  to  A  C. 
We  proceed  in  the  same  way  for  all  the  other  normals ;  the  bed-joint  is  then  determined  by  its 
rectilinear  generatrices. 

It  is  necessary  to  determine  its  intersection  with  the  extrados.  Let  D  H  E  be  the  upright 
section  of  the  intrados,  and  F  &  that  of  the  extrados,  brought  down  upon  the  horizontal  plane. 
To  get  the  point  of  junction  of  the  normal  P  Q,  P'  Q',  with  the  extrados,  we  first  draw  from  the 
point  P  a  parallel  to  the  axis  of  the  arch,  until  it  meets  at  p  with  the  section  E  H  D ;  then,  after 
having  determined  the  horizontal  tracing  I  of  the  normal,  we  project  it  at »  upon  D  E ;  next  joining 
*'/>,  we  shall  have  the  projection  of  the  normal  upon  the  plane  of  the  right  section;  prolonging 
this  until  it  meets  at  q  the  curve  of  the  extrados  F  G ;  draw  from  the  point  q  a  perpendicular  to 
D  E,  which  will  determine  the  point  Q ;  then  a  perpendicular  to  X  Y,  which  will  determine  the 
point  Q'.  Proceeding  in  the  same  manner  for  the  other  normals,  we  shall  obtain  the  projections 
of  the  intersections  of  the  bed-joint  in  relation  to  the  surface  of  the  extrados ;  and  the  same  for 
the  other  bed-joints. 

Develop,  by  the  ordinary  methods,  the  surface  of  the  intrados  and  the  surface  of  the  extrados 
with  the  curves  there  traced  ;  and  we  shall  have  the  developments  of  the  panels  of  the  inner  arch, 
and  the  corresponding  panels  of  the  extrados. 

Supposing  the  arch  entirely  constructed  of  ashlar  work,  each  voussoir  would  be  shaped  by  a 
method  analogous  to  that  explained  in  treating  of  the  helicoidal  arrangement.  The  four  normals 
which  form  the  angles  of  the  voussoir  having  been  projected  upon  the  plane  of  the  right  section, 
we  have  the  projection  of  the  voussoir  upon  this  plane.  Upon  this  projection  is  constructed  an 
upright  prism,  having  for  height  the  distance  of  the  two  plane  joints ;  for  example,  the  distance  of 
the  right  lines  x  x  and  y  y.  Upon  the  concave  face  of  the  cylinder  wo  apply  the  panel  of  the 
inner  arch,  and  upon  the  convex  face  the  corresponding  panel  of  the  extrados ;  the  two  left  joints 
will  be  shaped  by  aid  of  a  rule  extended  along  guiding  points  marked  out  beforehand  upon  each 
edge  of  the  inner  arch,  and  upon  the  curved  edge  which  corresponds  to  the  extrados.  But  more 
generally,  the  body  of  the  arch  being  constructed  of  rough  stones,  or  of  bricks,  a  layer  of  plaster  is 
prepared  coinciding  with  the  intrados ;  upon  this  layer  is  traced,  by  the  aid  of  the  development  of 
the  intrados,  the  orthogonal  trajectories,  between  which  it  only  remains  to  arrange  the  stones 
intended  to  form  the  arch.  There  will  here  be  a  little  difficulty  additional  to  that  met  with  in  the 
helicoidal  arrangement ;  the  trajectories,  although  equal  one  to  the  other,  are  not  equidistant,  and 
it  is  necessary  in  consequence  to  vary  the  thickness  of  the  stone  employed,  according  to  the 
distance  of  the  two  curves  between  which  it  has  to  be  placed.  As  to  the  heading  voussoirs,  they 
form  a  sort  of  arch  independent  of  the  principal  arch ;  it  results,  in  fact,  from  the  defective 
parallelism  of  the  edges  of  the  inner  aroh  that  the  bed-joints  could  not  be  prolonged  as  far  as  the 
leading  planes  without  causing  in  the  size  of  the  heading  voussoirs  inequalities  which  would  bo 
displeasing  to  the  eye;  these  voussoirs  are  then  shaped  independently,  making  the  bed-joints 
normal  to  the  leading  planes.  The  shaping  of  these  voussoirs  then  presents  no  difficulty ;  the 
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plane  tmee»  being  executed,  the  cylindrical  surfaces  are  afterwards  shaped  by  means  of  a  rule 
U*vd  along  guiding  point*  chosen  beforehand. 

An  UnporUnt  simplification  has  been  proposed  in  the  construction  of  the  arch  under  considera- 
tion, whioncotwwt*  in  replacing  tin-  left  Ixxl-joints  by  the  cylindrical  surfaces  projected  by  the 
trajectories  upon  the  leading  plane*,  surfaces  which  in  fact  differ  very  little  from  the  former,  and 
which  DMJdt»  possess  the  advantage  of  furnishing  only  reactions  situated  in  planes  parallel  to  the 
1. -ailing  plane*,  and  in  consequence  not  affording  any  composaut  perpendicular  to  these  planes; 
th^  k  tosar,  not  giving  rise  to  a  thrust  by  increasing  the  opening.  When  the  arch  is  to  be  of 
mat  length,  we  can,  an  shown  in  Fig.  1467,  arrange  the  portion  of  the  arch  comprised  between  the 
upright  sections  M  N  aud  O  P  as  an  ordinary  cylindrical  arch,  and  only  employ  the  orthogonal 
•MMMBt  for  the  portions  A  B  N  M  and  C  D  P  O.  But  in  place  of  using  joints  running 
parallel  to  the  heads,  we  employ  vertical  planes  which  converge,  some  towards  the  point  of 
Junction,  tho  right  line*  A  1$  and  M  N,  and  others  towards  that  of  the  right  lines  CD  and  OP. 
Th«  edges  of  tin-  inner  arch  arc  the  orthogonal  trajectories  of  the  vertical  sections  of  the  intrados 
thus  obtained  :  their  tracing  is  necessarily  more  complicated.  This  system  is  that  which  is  called 
the  convergent  orthogonal  arrangement.  Its  advantages  do  not  appear  to  make  up  for  the  difficulty 
of  its  execution  aud  the  ungraceful  appearance  of  the  arch. 

1'aruJM  Arthn  I'M  Echellon, — Lastly,  oblique  bridges  are  formed  of  a  series  of  upright  arches, 
equal  and  parallel,  but  placed  one  behind  another  in  echellon,  as  is  shown  in  Fig.  1470,  in  horizontal 
projection.  These  arches  are  ordinary  upright  cylindrical  arches,  but  of  unimportant  length,  A  B, 
A  U.  and  w»  »n,  w  h->.-e  centres  O,  O,  and  so  on,  are  placed  on  the  axis  of  the  oblique  arch.  They  are 
mutually  united  by  other  cylindrical  arches  M  N,  M  N,  whose  voussoirs  are  embayed  to  a  greater 
or  less  extent  in  the  thififcnpam  of  the  principal  arches.  The  system  is  inelegant  in  appearance. 
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Bridges  of  Timber.— Oblique  bridges  are  also  constructed  of  wood,  but  they  are  all 
formed  on  the  principle  of  the  upright  arches  in  echellon ;  that  is,  they  are  composed  of  a  certain 
number  of  equal  and  parallel  girders  placed  in  echellon  to  one  another,  in  such  a  manner  that  their 
homologous  points  are  situated  upon  right  lines  parallel  to  the  axis  of  the  bridge,  or  the  direction  of 
the  piers.     Fig.  1471  represents  the  vertical  projection  of  a  semi-arch  of  such  an  arrangement, 
which  U  frequently  used  for  the  erection  of  a  more  permanent  structure.    Each  girder  is  composed 
of  a  horizontal  beam  a  a,  supported  by  an  upright  postpp,  by  a  principal  rafter  jj,  and  a  strut/. 
These  different  parts  are  united  by  hanging-braces  m,  m.    Upon  these  girders  are  placed  the  joists 
«  *  »  «,  which  support  the  roadway  6  6  of  the  bridge.    In  the  example  given  in  Fig.  1471,  the  number 
of  girders  is  four.     The  principal  difficulty  of  this  mode  of  construction  consists  in  the  method  to 
be  adopted  to  bind  together  the  different  girders,  in  order  to  form  the  whole  into  a  perfectly  solid 
system.    The  method  most  in  use  is  that  of  uniting  all  the  girders  by  horizontal  braces  M  M, 
which  are  then  parallel  to  the  direction  of  the  piers.    But  as  the  rafters  pass  through  the  braces 
fa  an  oblique  direction,  it  is  necessary  to  determine  by  a  draught  the  apertures  to  be  excavated  in 
these  braces.    Let  A  B  and  A'  B'  be,  Fig.  1472  and  1473,  the  projections  of  one  of  these  rafters,  in 
wo  to  a  horizontal  plane  passing  through  its  lowest  point  O.    It  is  necessary  to  first  fix  the 
transverse  dimensions  of  the  braces,  by  projecting  the  rafter  upon  a  vertical  plane  perpendicular 
•  the  direction  of  the  piers.     Let  C  O'  be  this  direction,  and  let  O'  X  perpendicular  to  C  O'  be  the 
near  ground  line.     Upon  the  horizontal  projection  of  the  edge  which  starts  from  the  point  C,  take 
any  point  L  which  projects  at  K  upon  O  X  and  at  K'  upon  O'  X'.    Prolong  the  perpendiculars,  and 
!  upon  the  second  a  length  K'  H'  equal  to  the  distance  K  H,  and  join  O'  H',  which  will  be  the 
near  vertical  projection  of  the  edge  which  touches  the  point  C.    The  projections  of  the  other  edges 
easily  obtained  from  this,  in  the  manner  indicated  on  the  figure.     Having  thus  obtained, 
174,  the  vertical  projections  of  the  rafters  upon  a  vertical  plane  perpendicular  to  the 


_*  p™jtr;i  uiese  points,  rig.  11/0,  upon  tne  corresponding  norizontai 

these  edges.     We  can  thus  trace  the  parallelograms  1243,  and  1'  2'  4'  3'  according 
after  penetrates  the  lateral  faces  of  the  braces.    Taking,  then,  in  one  of  these  faces  a 
•om  which  we  suppose  a  horizontal  parallel  to  the  direction  of  the  piers,  let  us  imagine 
to  revolve  round  this  horizontal,  until  the  lateral  faces  of  which  we  have  just  spoken 
Tizontal  position,  and  in  this  positi  n  their  different  points  to  be  projected  upon 
."  ,  ,r  -  '.;  B%hiT1f)?Vl  ,plane  of  projection.   Then,  from  the  summitsof  the  parallelograms  1,  2,  3,  4, 
L«,  v,  BJ,C,  let  fall  perpe 


,  ,    ,    ,    , 

perpendiculars  upon  the  direction  of  the  edges  of  the  braces.    Marking, 
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Fig.  1475,  the  intersections  of  these  perpendiculars  with  the  perpendiculars  to  ox  which  answer  to 
the  same  figures,  we  shall  obtain  the  upper  and  lower  tracings  of  the  apertures  we  wish  to  determine 
such  as  will  have  to  be  drawn  on  the  faces  of  the  braces  when  executing  these  apertures.  Only,  it 
must  be  observed,  that  as  a  consequence  of  the  rotatory  movement  imparted  to  the  braces  it'  is 
the  upper  one  which  is  placed  to  the  right  in  Fig.  1475,  and  the  lower  one  which  is  placed  to  the 
left.  We  may  proceed  in  the  same  manner  for  the  other  apertures,  but  it  will  be  noticed  that 
they  have  their  faces  parallel,  and  this  will  much  shorten  the  operation. 

1472.  1474. 


1473. 


1475. 

In  place  of  uniting  the  rafters  one  to  another,  the  Hanging-braces  are  sometimes  connected  by 
horizontal  ones.  This  arrangement  would  give  rise  to  operations  analogous  to  the  preceding. 
Occasionally  a  direction  differing  from  the  horizontal  has  been  given  to  the  braces  uniting  the 
different  beams. 

Timber  Bridge  Construction. — The  roadway  of  these  temporary  structures  rests  upon  several  girders, 
generally  equidistant.  The  interval  between  two  consecutive  points  of  support  is  called  a  space. 

The  arrangement  of  the  girders  varies  considerably  ;  we  shall  only  deal  with  the  systems 
mostly  used. 

Where  the  interval  between  two  consecutive  points  of  support  does  not  exceed  5  metres,  the 
girders  are  simply  horizontal  beams  laid  upon  these  supports,  and  it  is  on  these  beams  that  are 
placed  transversely  the  cross-beams  which  sustain  the  roadway  and  the  pavement.  If  the  interval 
is  to  be  from  5  to  8  metres,  supplementary  beams  A  A,  Fig.  1476,  projecting  2  metres  on  each  side 
and  supported  by  struts  //,  are  laid  upon  the  piles.  Fig.  1476  also  shows  the  heads  m  m  of  the 
horizontal  braces  uniting  the  stakes  which  form  the  pile,  and  the  head  M  of  the  horizontal  piece 
of  timber  forming  the  cap  of  the  pile. 

1477. 
1476 


In  the  case  of  intervals  of  8  to  12  metres,  a  second  row  of  struts  /'/',  Fig.  1477,  is  added,  abutting 
upon  another  supplementary  beam  B,  placed  in  the  middle  of  the  interval.  If  these  secondary 
struts  have  a  length  exceeding  twelve  times  their  breadth,  they  are  supported  by  hanging-bracea 
«  a,  which  are  themselves  united  from  one  girder  to  another  by  horizontal  braces  m'  m'. 
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P*  •  in  tilt  interraU  several  stages  of  struts  or  rafters  united  one  to  another  by  vertical 

kJLS      I  £^  employed.    When  the  interval  is  of  considerable    ength,  beams  bound 

3fSSy!mSiS.    ftrttUp  «t  Witting,-!,,  over  the  Liminat  forming  a  single  span  of 

ni--90  U?-it  '   H  E  inn-t  remarkable  instan-  of  this  kind  of  construction :  it  is  com^sed  of 

liftaMM*  armod  IM-BIIIS.  ui.it.-d   bv   v,«rti«-al   hanging-braces,  and  supported  by  several 

Anita  or  raftow  of  diftVn-nt  in.-li'iiutions,  the  lowest  of  which  is  an  armed  beam 
*  In  th,   ,*veml  rase,,  just  iinli.-ut,  ,1.  th-  dii.i.-nsions  of  a  beam  are  calculated  as  if  it  were 
.ImSy  nLrf  m-m  sup,*>rU.    The  total  weight  for  one  interval  of  the  roadway  and  pavement  ,a 
" '  I it       i>  ,1  livi.linV  by  the  number  of  beams,  we  have  the  weight  uniformly  diffused  ore*  th, 
\MB     If  th-  brid"o  is  exposed  to  considerable  and  varying  loads,  these  must  l>-  taken 
.m  •  such  are,  upon  an  ordinary  load,  the  passage  of  a  vehicle  representing  a  weight 
.  ,,r  uiM-n  a  railway,  the  passage  of  a  locomotive  weighing  60  000  kilos,  winch  giv, * 
for  each  beam,  as  one  is  ordinarily  placed  under  each  rail.    Let  a  be  the 'length  of 
u,e  no,  /the  weight  a  linear  metre,  P  the  weight  accidentally  applied  at  the  middle  of  the 
•pan,  we'murt  reconcile  the  two  equations 


B  « 


and       B  = 

rallm-*  I  the  horizontal  dimension  of  tho  upright  section  of  the  beam,  and  h  its  vertical  dimension. 
We  will  tuk.-  H  equal  at  most  to  600,000  for  oak,  or  800,000  for  deal,  say,  CO  kilogrammes  the 
Muare  centimetre  in  tho  first  case,  and  80  kilogrammes  in  the  second ;  find  the  proportion  of 
A  to  ft  and  deduct  h  from  these  two  formulas;  the  greater  of  the  two  values  then  obtained  must 
be  adopted.  We  can  then  estimate  the  weight  of  the  beam  to  introduce  it  intop,  and  calculate  a 
value  for  h.  . 

Wht-n  the  same  beam  forms  several  spans,  or  even  the  total  lengtfc  of  a  bridge,  it  is  considered 
AS  a  piece  of  timber  placed  upon  supports,  corresponding  to  the  piers  of  the  abutments.  We  thus 
determine  the  moment  of  flexion  corresponding  to  each  point  of  support,  and  next  the  moment  of 
flexion  on  any  given  point  of  the  beam,  the  maximum  of  this  moment,  and  by  consequence  the 
transverse  dimensions  of  the  beam.  For  the  same  calculations  we  deduce  the  reactions  of 
the  supports,  and  on  the  other  hand  the  load  sustained  by  these  supports,  whence  wo  obtain  the 
dimensions  of  the  piles. 

The  dimensions  of  the  divisions  of  the  bridge  must  be  calculated  in  the-  «ame  way  as  for  a  por- 
tion of  timber  placed  upon  a  certain  number  of  supports,  which  are  here  the  beams,  loaded  with  a 
w-iirht  uniformly  diffused,  and  also  with  a  weight  applied  at  the  middle  of  the  interval  between 
two  beams,  representing  the  movable  load  caused  by  the  passage  of  a  vehicle.  But  as  this  calcu- 
lation is  a  very  long  one,  a  more  rapid,  but  less  exact  method  is  preferred.  The  dimensions  of  tho 
portion  of  the  bridge  are  calculated :  1st,  as  if  the  part  of  this  portion  comprised  between  two 
beams  formed  an  isolated  portion  placed  on  two  supports;  2nd,  as  if  it  were  let  into  the  two  points 
of  support.  In  the  first  case  the  maximum  of  the  moment  of  flexion  is  given  by  the  formula 

p.  =  — p  a3  +  —  Pa;  calling  a  the  distance  between  two  beams,  p  the  weight  uniformly  spread 

o  4 

over  each  portion  of  the  bridge,  and  P  the  movable  load ;  in  the  second  case  we  should  have 

The  mean  of  the  values  of  n  given  by  these  two  formulas  is  adopted.  When  the  bridge  has  to 
support  occasionally  only  the  weight  of  a  wagon  not  exceeding  4000  kilogrammes,  the  divisions  of 
the  bridge  maybe  Om'50  distant  from  one  another;  if  the  accidental  load  will  be  greater,  they  must 
be  placed  nearer  together.  But  it  is  well  to  observe  that  when  only  a  momentary  load  is  in  question, 
wood  can  be  made  to  support  a  greater  tension  than  that  which  we  have  indicated  above,  and 
that  it  is  allowable  to  increase  it  then  to  100  or  120  kilogrammes  the  square  centimetre. 

To  calculate  the  dimensions  of  the  struts,  suppose  each  beam  placed  upon  the  supports  which 
are  formed  by  the  extremities  of  the  piles  and  the  struts,  and  determine  the  reactions  of  these  points 
of  support ;  for  struts  analogous  to  that  which  abuts  on  the  point  A,  Fig.  1477,  we  take  the 
resultant  of  the  reaction  lengthwise  to  this  piece  of  timber.  It  will  be  necessary  that  this  resultant 
divided  by  a  transverse  section  of  the  strut,  should  give  a  quotient  equal  at  most  to  CO  or  80  kilo- 
grammes the  square  centimetre,  according  to  the  kind  of  wood  employed ;  for  struts  such  as  those 
abutting  on  the  point  B,  we  should  distribute  the  reaction  in  the  direction  of  the  strut,  and  in  a 
horizontal  direction ;  and  make  use  of  these  two  resultants,  to  determine  in  the  same  way  the 
transverse  dimensions  of  the  strut  and  the  underlying  beam. 

For  bridges  of  great  extent,  there  has  been  employed  in  France  for  fifty  years,  a  system  in 
which  the  beams  and  the  roadway  are  sustained  by  an  arch  formed  of  a  certain  number  of  curved 
rafters,  bound  together  by  iron  straps,  and  united  to  the  roadway  by  hanging-braces  in  a  direction 
normal  to  the  arch.  Fig.  1478  represents  one  division  of  the  bridge  of  Ivry-sur-Seine  constructed 
on  this  plan  by  M.  Emmery.  The  arch  has  a  chord  of  22m'50,  and  a  versed  sine  of  3m'48.  The 
roadwayrests  directly  on  the  crown  of  the  arch,  and  the  beams  are  hollowed  out  to  accord  with  this 
arch.  The  weight  of  the  roadway  is  also  transferred  to  the  arch  by  means  of  braces.  The  girders 
are  fastened  one  to  another,  not  only  by  horizontal  braces  parallel  to  the  axis  of  the  bridge,  but 
also  by  horizontal  slanting  beams  which  assist  in  counteracting  the  effects  of  the  wind  on  the 
whole  system. 

To  calculate  the  transverse  dimensions  of  the  arch  exactly,  it  would  be  necessary  to  consider 
the  roadway  as  placed  upon  the  hanging-braces,  to  determine  the  reactions  of  these  supports,  to 
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take  these  in  a  contrary  sense  to  get  the  reactions  of  the  braces  upon  the  arch,  and  determine  the 
normal  component  of  these  ;  we  should  thus  have  the  forces  which  act  upon  the  arch  inde- 
pendently of  its  weight.  But  we  can  obtain  sufficiently  approximative  results  by  considering 
the  weight  of  the  roadway  as  uniformly  spread  over-the  horizontal  projection  of  the  arch.  ID  the 


case  we  are 


dealing  with,  the  formula  bh?  =  —  (  -  +  ^-  )  is  generally  used,  in  which  6  is  the 

transverse  dimension  of  the  arch  jn  a  horizontal  direction,  h  its  thickness  vertically,  P  the  total 
weight  of  the  bridge,  p  the  mean  radius  of  the  arch,  a  the  length  of  the  arc  with  a  radius  1 
similar  to  the  arch  under  consideration,  and  K  a  coefficient  which  it  is  convenient  to  take  as 
equal  to  300,000. 

1478. 


Constructors  employ  a  still  more  simple  method,  which  gives  results  sufficiently  near.  It 
consists  in  regarding  the  proposed  arch  as  the  arc  of  a  parabola,  loaded  with  weights  proportional 
to  the  horizontal  projection  of  its  elements.  Let  O  M,  Fig.  1479,  be  a  portion  of  the  arch  com- 
puted from  the  vertex.  Let  us  take  for  the  axis  of  x  the  tangent  to  the  vertex,  for  the  axis  of  y 
the  axis  of  the  curve.  Draw  the  tangent  to  M,  and  by  a  known  property  of  the  parabola  this 
tim^ent  will  cut  O  X  in  the  middle  I  of  the  abscissa  O  N  of  the  point  M.  Let  M'  be  a  point 
infinitely  near  to  the  point  M ;  draw  the  horizontal  M  H  and  the  vertical  M'  H.  The  arch  O  M  is 
in  equilibrium,  under  the  action  of  the  weight  P  (borne  by  the  arc  and  which  passes  through  the 
middle  I  of  O  N),  of  the  tension  Q  exercised  at  O  in  the  direction  O  X,  and  the  tension  T  which 
is  exercised  at  M  in  the  direction  M  I.  These  three  forces  are  then  proportional  to  the  three  sides 
of  the  triangle  M I  N,  or  of  the  triangle  M  M'  H,  which  is  similar  to  it.  We  have  then 

M'H  _  P_      dy  _px 
M"H  *  Q"°r  dH~   Q"' 
designating  by  P  the  weight  a  linear  metre  supported  by  the  arch.     Integrating,  and  observing 

that  for  x  =  0  we  should  have  y  —  0,  we  obtain  for  the  equation  of  the  curve  y  =  -^-  x9.    This 

*  Q 
equation  must  be  completed  by  the  co-ordinates  of  the  spring ;   If  the  a  is  the  semichord  of 

the  arch  and  /  its  versed  sine,  we  should  have  /  =  — ^  a2,  whence  Q  =  — -  .    We  shall  next 


The  maximum  of  T  answers  to 


have  T  =  V  P2  +  Q2  = 

*y 

x  =  a.  and  has  for  its  value  T  =  p  a  v    1  +  -^—  .     This  maximum  value  will  serve  to  determine 

if 

the  transverse  dimensions  of  the  arc. 

The  arch  being  supposed  to  resist  only  by  compression,  it  will  be  necessary  that  the  maximum 
tension  T  divided  by  the  area  of  the  transverse  section  should  give  a  quotient  at  most  equal  to 
GO  kilogrammes  the  square  centimetre  for  oak,  or  80  kilogrammes  for  deal.  Calling  6  the  hori- 
zontal dimension  and  A  the  vertical  dimension,  we  shall  have  -r-r  =  0  •  6.  If  we  take  the  milli  - 

o  A 

T 

metre  for  unity,  we  shall  obtain  6,  and  deduce  A  =  . 

U'o  b 

For  some  years  there  have  been  constructed  in  America  timber  bridges  on  an  entirely  different 
system.  They  were  invented  to  enable  railways  to  pass  across  considerable  streams  of  water,  as 
we  have  before  stated  and  illustrated.  They  are  called  trellis-bridges,  because  they  have  exactly 
the  appearance  of  trellis-work.  Fig.  1480  represents  a  portion  of  a  bridge  of  this  kind  constructed 
at  Richmond,  U.S.,  on  the  system  of  Town.  The  girders,  which  are  5m  •  125  in  height,  are  formed 
of  thick  planks  arranged  trelliswise,  applied  flat  without  being  let  into  each  other,  and  joined  by 
oak  pegs.  They  are  united  by  several  courses  of  braces,  horizontal  as  regards  the  length  of  the 
bridge,  and  by  a  certain  number  of  vertical  braces.  Two  equal  guides  are  fastened  together  on 
each  side  of  the  bridge.  These  two  girders  leave  between  them  an  interval  of  3m<20.  They  nre 
joined  above  and  below  by  cross-beams,  the  intervals  between  which  are  filled  by  diagonal  work. 
Other  diagonals,  placed  vertically  according  to  the  transverse  sections,  complete  the  protection  of 
this  system  against  the  wind.  The  exterior  sides  are  covered  with  planks  to  secure  the  construction 

3  u 


788 


BRIDGE. 


This  forms  .a  long 


against  the  effects  of  the  weather,  as  is  shown  on  tho  right  side  of  the  figure. 
•moo  of  rectangular  section. 

To  appreciate  tho  resistance  of  such  a  construc- 
tion, we  may  consider  each  girder  as  a  solid  placed 
upon  two  supports,  loaded  with  ft  weight  uniformly 

1.  mid  with  ft  load  equal  to  the  weight  of  two 
locomotives  applied  in  the  middle  of  the  spun.     But 

..jH-ningH  here  form  aUnit  two-thirds  of  the 

lume.'it  is  advisable  to  reduce  to  one-third 

•  i;    :  i..    n  iistanoe,  ti.:it  i.-.  to  20  kfioa, 

a  square  centimetre  for  oak,  or  27  kilos,  for  deal. 

Dengnntins;  by  H'  the  coefficient  thus  reduced,  by 

;,  the  w.-L-ht  of  the  bridge  the  linear  metre,  by  P 

the  road  applied  in  tlio  middle  of  the  span,  by  a  the 

>  of  the  span,  by  6  the  total  thickness  of  all 

the  trnees  in  a  horizontal  direction,  and  by  A  the 

h.'uht  of  each  girder,  we  shall  have  to  apply  the 

formula  already  used,  B'  =  £-£»  (  g  />a*  +  4  Pa  ) ' 

W.  Presse,  in  his  course  of  "  Applied  Mechanics,"  has 
endeavoured  to  estimate  in  a  more  precise  manner  the 
shock  supported  by  each  of  the  pieces  composing  these 
L'irders  or  beams  of  trellis-work.  He  considers  first 
the  simplest  case  to  which  the  system  would  be  re- 
duced, as  shown  in  Fig.  1481,  to  two  courses  of  in- 
clined rails,  A  B  C  D  .  .  .  .  A'  B'  C'  D'  .  .  .  .  jointed 
with  inclined  ties  A  A',  BB',  C  C',  D  D'  .  .  .  .  on  the 
one  hand,  and  A'  B,  B'  C,  C'  D,  on  the  other :  and 
ho  supines,  in  the  first  place,  that  the  beam  thus 
defined  supports  only  a  single  weight  2  P  applied 
in  the  centre.  It  follows  at  once  that  the  beam 
receives  from  the  abutment  on  the  pier  upon  which 
it  rests  a  vertical  reaction  P  applied  at  its  ex- 
tr.-mity  A.  Let  a  be  the  acute  angle  which  the  inclined  rails  make  with  the  vertical.  There 
must  then  be  equilibrium  between  the  force  P  applied  at  A  and  the  tensions  or  pressures  of  the 
ties  A  B  and  A  A';  it  is  then  easily  seen,  by  the  parallelogram  of  forces,  Fig.  1350,  that  the  rail 
A  A'  undergoes  a  pressure  equal  to  P  ten.  a ;  and  that  the  rail  A  A'  undergoes  a  pressure  equal  to 

p 
•    If  we  next  consider  the  equilibrium  of  the  point  A',  we  find  by  the  same  means  that  the 

forces  exercised  in  the  direction  A'  B  and  in  the  direction  of  the  prolongation  of  A  A'  must  be 

p 

equal :  and  that  the  tension  of  A'  B'  has  for  its  value  2  sin.  o,  or  2  P  tan.  o.     The  equi- 

cos.  a 

librium  of  the  point  B  shows,  on  projecting  the  forces  vertically,  that  the  pressures  of  A'  B  and 
B  B'  are  equal ;  and  on  projecting  them  horizontally,  that  the  tension  of  B  C  is  equal  to  P  tan.  a  -f- 

p 
2 sin.  a,  that  is,  to  3  P  tan.  o.    Adopting  the  same  method  with  the  point  B',  we  find  that 

1    •-.  a 

the  pressure  of  B'  C  is  equal  to  that  of  B  B',  and  that  the  tension  of  B'  C'  has  for  its  expression 


2Pten.a 


sin.  a,  that  is,  4  P  tan.  o.  Continuing  thus,  we  find  that  all  the  ties  support 


pressures  equal  to  -  ;  that  the  lower  horizontal  ties  support  successive  tensions  expressed  by 
cos.  a 

P  tan.  a,  3  P  ten.  a,  5  P  tan.  a,  7  P  ten.  a,  and  so  on;  and  the  upper  horizontal  ties,  tensions 
expressed  by  2  P  ten.  a,  4  P  ten.  a,  6  P  tan.  o,  8  P  tan.  a,  and  so  to  the  middle  of  the  span. 
Starting  from  this  point,  the  same  tensions  are  reproduced  in  inverse  ratio  because  of  the  sym- 
metry of  the  arrangement.  If  the  number  of  the  lower  horizontal  ties  is  equal,  it  is  the  middle  tie 
which  will  undergo  the  greatest  tension,  and,  calling  2  n  +  1,  the  total  number  of  these  lines,  the 
maximum  tension  will  be  expressed  by  (2  n  +  1)  P  tan.  o.  If  the  number  of  the  lower  horizontal 
ties  is  equal,  the  upper  horizontal  tie  occupying  the  centre  will  undergo  the  greatest  tension,  and 
if  2  n  is  the  number  of  the  lower  ties,  this  maximum  tension  will  be  expressed  by  2  n  P  tan.  a. 

In  the  second  place,  the  case  in  which  the  trellis-work  beam  would  be  loaded  with  a  weight  2p 
at  each  of  the  intermediate  joints,  B,  C,  D,  and  so  on,  of  the  lower  course  of  braces.  If  n  is  the 
number  of  these  intermediate  joints,  np  represents  the  vertical  reaction  which  is  exercised  at  the 
1  «  >int  A.  Considering,  step  by  step,  the  equilibrium  of  the  upper  and  lower  points  of  junction,  we 
arrive  at  the  following  conclusions  :  — 


1st.  The  sides  parallel  to  A  A'  undergo  pressures,  having  successively  for  their  value 


, 
,  and  so  on. 


cos.  a  •-•  -.  a  <    B,  a 

2nd.  Two  inclined  ties  abutting  at  the  same  point,  are,  the  one,  compressed,  the  other  extended, 
by  the  same  intensity. 

3rd.  The  pressures  of  the  upper  ties  are  represented  by  the  values,  2  np  ten.  o,  4  (n  —  !)/>  tan.  a, 
6  («  —  2)  p  ten.  a,  8  (n  —  3)  p  ten.  a,  and  so  on. 

4th.  The  tensions  of  the  lower  horizontal  ties  are  expressed  by  np  tan.  o,  [n  +  2  (n  -  l)~\p  tan.  o, 
[n  +  4  (n  —  2)]  p  tan.  a,  [n  +  6  (>»  —  3)]  j>  tan.  a,  and  so  on, 
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Calling  »'  the  position  of  a  horizontal  tie  in  each  of  these  series,  we  have  for  the  pressure  of 
an  upper  tie,  2  i  (n  -  »  +  1)  p  tan.  a,  and  for  the  tension  of  a  lower  tie, 
[n  +  2  (»  —  1)  (n  -  »  +  iy]p  tan.  a. 

The  maximum  of  the  first  expression  answers  to  f  =  — „ — ,  and  that  of  the  second  to 

I 

n  +  2 
»  =  — Q — ;  if  these  terms  are  not  integers,  the  maximum  will  not  be  produced  exactly,  but 

SB 

approximately,  although  n  may  be  a  large  number,  as  is  ordinarily  the  case.    We  find  the  value 

of  the  maximum  to  be  —  p  tan.  a  (n  +  I)2  in  the  first  case,  and  -  p  tan.  a  [(n  +  I)2  —  1]  in  the 

2t  ,  2 

second.     So  that,  calling  N  the  number  of  times  that  A  B  is  contained  in  the  length  of  the  span, 

the  maximum  of  pressure  or  tension  of  the  horizontal  ties  is  expressed  by  —  p  N2  tan.  a. 

28 

There  have  been  constructed  in  Bavaria  timber  bridges  differing  from  the  American  system 
only  in  that  the  joints  of  all  the  pieces  of  woodwork  are  united  by  cast-iron  sockets,  and  the  girders 
enter  the  abutments,  hollowed  out  for  this  purpose. 

In  America  there  has  also  been  applied  another  system  founded  on  the  use  of  curved  arches. 
Such  is  the  bridge  at  Trenton  over  the  Delaware,  partially  represented  in  Fig.  1482.  The  girders 
are  five  in  number ;  in  each,  the  principal  part  is  an  arc  of  a  circle  formed  of  eight  planks,  super- 
posed ;  it  rests  at  its  extremities  upon  the  piers,  and  supports  the  roadway  by  means  of  suspending 
iron  bars.  The  arch  is,  besides,  united  to  the  roadway  by  pendant  ties  inclined  at  an  angle  of  45°. 
All  the  woodwork  is  covered  by  a  roof,  and  sheltered  laterally  by  planks.  The  arches  of  two  suc- 
cessive spans  abut  against  each  other  by  means  of  woodwork  raised  upon  the  pier  and  elevated  to 
two-thirds  of  the  height  of  the  arches. 

Lastly,  there  has  been  constructed  at  Liep,  York  county,  a  bridge  of  the  same  kind,  but  in 
which  the  roadway,  in  place  of  forming  the  chord  of  an  arc,  is  placed  at  mid-height  between  the 
chord  or  the  vertex ;  so  that  the  roadway  is  suspended  underneath  the  upper  portion  of  the  arch, 
whilst  it  rests  upon  its  lower  portion.  This  system,  in  which  the  bridge  forms  a  girder,  appears 
to  offer  more  resistance. 

1483. 


Stone  Bridges. — After  the  water-way  has  been  fixed,  we  have  to  determine  the  dimension  and 
the  form  of  the  arches. 

There  is  a  very  simple  relation  between  the  span  of  a  segmental  arch,  its  height  or  versed 
sine,  and  the  radius  of  the  circle  to  which  the  arc  belongs.  If  2  c  represents  the  span,  or  the  chord 
A  B,  Fig.  1483,  of  the  arc,  /  the  versed  sine  H  C,  and  K  the  radius  O  A,  the  semichord  A  C  being 
a  mean  proportional  between  the  two  segments  of  the  diameter  to  which  it  is  perpendicular,  we 
have  f*  i  ^ 

c2=/(2R-/),  whence  R  =  ^±/-.  [1] 

•/ 

If  we  wish  to  have  the  semi-arc  A  H  in  degrees,  or  the  angle  of  the  centre  A  O  H,  we  observe 

that  it  has  for  its  sine  the  proportion  — —  or  -^- ;  designating  the  angle  by  a,  we  have  then 

A  \J         K 


2/c 


[2] 


It  is  not  usual  to  give  to  the  proportion  -  a  lower  value  than  - ,  which  supposes  a  height  equal 
to  |  of  the  span,  and  gives  sin.  a  =  28°  4'  20",  or  thereabouts.  However,  in  exceptional  cases. 

this  proportion  has  sometimes  been  reduced  to  -  or  -  • 

5        u 

The  bridge  of  Solferino  is  an  example  of  the  form  adopted  in  the  early  construction  of  iron 
bridges.  The  arches,  Fig.  1484,  have  a  span  of  40  metres,  and  a  height  of  4""02.  Tlu-y 
are  formed  of  cast-iron  voussoirs,  of  open  work  in  the  leading  arches  and  solid  in  the  intermediate. 
The  figure,  1485,  represents  the  elevation  and  the  transverse  section  of  the  first  voussoir  of  an 
intermediate  arch.  It  will  be  seen  that  the  section  represents  a  double  Ti  w^n  ft  centrnl  rib.  The 
pediment,  that  is  to  say,  the  space  comprised  between  the  arch  and  the  roadway,  is  filled  up  by 
open-work  plates  of  a  trapezoidal  form.  Fig.  1486  represents  one  of  these  plates. 

3  B  2 
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Th<»  Killers  nr?  united  one  to  nn«ther  by  three  systems  of  cross-joints,  placed,  some  above  the. 
rib*  «f  tli«-  intrudos,  others  below  it.  and  others  upon  the  ribs  which  form  the  crown  of  the  pediment. 
The*-  luttT  OfOM-Jointe,  :>t  a  di.-tun<v  of  Iint30,  also  serve  to  sustain  arches  of  brick  and  Roman 
oemcnt,  upon  which  the  roadway  and  the  aide-walks  are  erected.  In  this  system  of  arches  formed  of 


1484. 


1465. 


I486. 
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voussoirs,  the  casting  is  only  subject  to  compression  ;  the  only  portions  exposed  to  extension  are 
tin-  cross-joints,  but  as  they  are  few  in  number  they  may  be  executed  in  wrought  iron.  The  pres- 
sures to  which  the  voussoirs  are  subject  can  be  calculated  as  for  stone  arches.  But  the  inequalities 
of  the  load  are  of  much  greater  importance  here  than  in  stone  bridges.  Supposing  that  one  half  of 
the  span  bears  the  maximum  load  of  400  kilos,  a  square  metre,  whilst  the  other  only  supports  its 
own  weight,  we  can  determine  on  this  hypothesis  the  direction  and  intensity  of  the  thrust  on  the 
key.  Let  P  and  P',  Fig.  14S7,  be  the  weights  supported  by  the  two  halves,  H  the  point  of  applica- 
tion of  the  reaction  N  of  the  two  halves  of  the  arch,  and  B  C  the  oblique  direction  of  this  reaction. 
We  let  fall  from  the  springs  A  and  A',  upon  this  direction,  the  perpendiculars  A  C  and  A'  C',  and 
erect  the  verticals  A  B  and  A'  B'.  Let  p  and  p'  be  the  distances  of  the  forces  P  and  P'  from  the 
points  A  and  A'.  We  shall  have  for  the  equilibrium  of  the  first  half  of  the  arch  the  formula 
N  x  A  C  =  Pp,  and  for  the  equilibrium  of  the  second  half  N  x  A'  C'  =  P'p',  whence  dividing 

member  by  member,  -r-f—^,  =  ^£  .    But  the  triangle  ABC  and  A'  B'  C'  being  similar,  the  first 
A  O        Jr  p 

term  may  be  replaced  by  the  proportion  of  A  B  to  A'  B',  which  gives  -T-T5;  =  -^~r  ,  whence 


AB 


Pp 


AB  +  A'B' 

sequently  there  results  A  B  =  2  H 


A': 

Now,  calling  H  the  height  I  H,  we  have  A  B  +  A'  B'  =  2  H,  con- 
Pp 


-  ,  from  which  we  can  obtain  the  direction  of  the  force 


Pp  +  P'p' 
N,  next  the  distance  A  C,  and  ultimately  the  intensity  of  the  thrust  N. 

The  most  remarkable  example  of  a  bridge  with  straight  iron  beams  is  the  Britannia  Bridge, 
constructed  in  1850  over  the  Menai  Straits,  by  Robert  Stephenson,  on  the  Chester  and  Holyhead 
Railway.  This  bridge  traverses  an  arm  of  the  sea  at  33  metres  above  high  water,  by  means  of 
four  spans,  of  which  two  are  not  less  than  140  metres  long.  This  bridge  has  the  form  of  a  long 
tube,  with  a  rectangular  section  of  9m-144  in  height  by  4m  50  in  breadth.  Its  upper  casing 
wall  is  itself  formed  of  eight  equal  tubes,  fastened  one  to  another,  of  a  square  section  of  Om'533  a 
side,  and  its  flooring  is  formed  of  six  similar  tubes  Om'533  high  by  Om'711  wide.  The  lateral 
walls  are  solid,  and  united,  both  above  and  below,  by  triangular  brackets  lm-22  high  by  Om'533 
ide.  Since  the  completion  of  this  work,  about  which  an  immense  amount  of  nonsense  has  been 
written,  bridges  with  beams  of  iron  plating  have  multiplied  con-  1488  U89 

derably.    In  bndges  of  small  dimensions  the  beam  is  composed 
of  a  long  plate  of  sheet  iron,  made  fast  at  top  and  bottom  by  angle- 
Fig.  1488  gives  the  section  of  this  beam.     It  is  strengthened 
mm  distance  to  distance  by  transverse  plates  having  the  same 
t  as  the  beam,  and  towards  the  top  the  same  width  as  the 
tipper  _  plate,  while  towards  the  bottom  they  are  of  greater  width 
form  is  represented  by  the  dotted  lines  on  Fig.  1488.    In  the 
3  important  bridges,  the  beam  is  a  tube  with  a  rectangular 
T.vl0™?1  of  four  Plates  of  i™11  held  together  by  angle-iron. 
9  is  the  section  of  a  beam  of  this  kind.     The  arrangement 
K»ms  has  been  varied  in  many  ways,  those  just  described 
used-   On  railways,  beams  analogous  to  that 


^8,  1489.  are  ordinarily  placed  above  the  roadway  which 
the  lower  ribs  ;  these  beams  are  three  in  number,  and  the  trains  pass  along  the  spaces 
t  follows,  when  the  bridge  is  of  large  dimensions  and  the  beams  consequently  of 
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great  height,  that  the  prospect  is  completely  shut  out  when  passing  over  rivers,  that  is,  at  the 
most  picturesque  parts  of  the  way.  To  obviate  this  inconvenience,  the  German  engineers  have 
endeavoured  to  replace  the  solid  walls  of  the  beams  by  walls  of  trellis-work  ;  but  this  system,  iu 
which  one  of  the  sets  of  bars  forming  the  trellis  is  elongated  while  the  other  is  compressed,  does 
not  afford  sufficient  solidity. 

To  determine  the  transverse  dimensions  of  straight  beams,  they  are  considered  as  prismatic 
bodies  placed  upon  two  supports,  loaded  with  a  weight  uniformly  diffused,  and  with  a  load  applied 
at  the  centre.  If  p  designates  the  weight  a  metre  uniformly  diffused,  P  the  load  applied  at  the 
middle  of  their  extent,  x  the  length  of  this,  R  the  limit  of  tension  which  must  not  be  exceeded, 
h  the  height  of  the  bridge,  and  I  the  moment  of  inertia  of  its  upright  section  in  relation  to  the 
horizontal  drawn  in  this  section  through  its  middle,  or,  more  exactly,  through  its  centre  of  gravity, 

we  shall  have  to  apply  the  empirical  formula  ^  =  —r(^pai  +  -Pa\.    But  it  is  necessary  to 

observe  here  that,  as  in  the  case  of  timber  bridges,  if  the  load  is  the  weight  of  two 
locomotives  crossing  at  the  middle  of  the  interspace,  as  this  is  an  exceptional  load, 
we  may  admit  that  the  plates,  in  place  of  only  having  to  support,  as  ordinarily  sup- 
posed,  about  -J^  of  the  tension  corresponding  to  its  limit  of  elasticity,  momentarily 
supports  i ;  that  is,  in  place  of  taking  for  R  6  kilos,  a  square  metre,  we  should  take 
12  kilos. 

In  arched  metal  bridges,  the  beams  which  sustain  the  flooring  are  ordinarily  of  cast 
iron,  in  the  shape  of  a  double  f-  But  sometimes  it  is  required  that  the  resistance  should 
be  the  same  in  all  the  transverse  sections,  at  least  over  a  certain  extent,  starting  from 
the  key.    To  this  end,  the  distance  between  the  internal  edges  of  the  ribs  is  made 
to  vary.    If,  for  example,  h  stands  for  the  distance  between  the  ends  A  and  C,  Fig.  1490, 
b  the  distance  between  the  points  A  and  B,  A'  the  distance  between  the  points  A'  and 
C',  and  6'  twice  the  distance  A' I,  A'  is  made  to  vary  in  such  a  manner  that  the  resist-  c' 
ance  caused  by  the  weight  uniformly  diffused  may  be  the  same  for  each  section  within  J 
certain  limits. 

Let  p  be  the  weight  uniformly  diffused,  and  a  the  length  of  the  interspace ;  each  point  of 

support  will  exercise  a  reaction  equal  to  -^-pa;  the  moment  of  the  forces  which  act  upon  this 

IB 

space,  from  the  point  which  has  for  its  abscissa  x,  computed  from  one  of  the  extremities  as  far  as  the 

other  extremity,  will  have  for  value  ^  =  p  (a  -  x)  -  (a  -  x)  =  -  —  pa  (a  -  #) ;  or  /x  =  -  p  (a  a;  —  x2)- 

2  — 

The  moment  of  inertia  of  the  section  in  relation  to  the  horizontal  passing  through  its  centre  of 

gravity  is  besides,  according  to  an  empirical  formula,  1  =  —  (6  A3  —  6'  A'3)  ;  finally,  the  ordinate 

u8 

of  the  most  distant  rib  from  the  axis  is  v  —  —  h. 

£ 

Calling  R  the  limit  of  tension  not  to  be  exceeded,  we  shall  then  have,  taking  only  the  absolute 

value  of  n,  R  =  -^  =  -^ '  ,  a  formula  which  will  give  the  values  of  h'  corresponding  to 

L  o  n*  —  o  h  * 

the  values  of  x.  But  as  it  is  not  necessary  that  the  thickness  A  A  should  be  less  than  the  thick- 
ness of  the  vertical  nucleus,  as  Boon  as  A'  has  attained  the  value  that  is  given  for  this  thickness, 
we  cease  adding  to  A',  and  diminish  h  as  far  as  a  limit  fixed  beforehand.  On  the  Auteuil  railway, 
for  instance,  we  have,  according  to  M.  Claudel, 

p  =  1600k,A  =  Om>60.  6  =  0™  28,  6'  =  Om<26,  a  =  8  metres; 

and,  taking  R,  for  want  of  better  knowledge,  as  equal  to  6,000,000,  we  find  the  value  of  x  corre- 
sponding to  the  key,  that  is  for  x  =  —  a  A  =  Om '  52,  which  will  give  Om '  08  for  the  thickness  of  the 

m 

two  united  ribs,  or  Om  •  04  for  each  of  them.  We  find  that  for  x  =  lm  44  (about),  the  thickness  of 
each  rib  is  reduced  to  Om>02,  which  is  the  thickness  of  the  nucleus;  h  and  A'  are  then  diminish  d 
by  an  equal  quantity  without  decreasing  the  thickness  of  the  rib,  until  we  reach  h  =  Om%40,  the 
limit  of  height  fixed  beforehand. 

The  cross-bare  are  also  ordinarily  of  a  double  "f"  section.  On.  the  Auteuil  railroad  we  have 
a  =  2™,  A  =  0""30,  b  =  Om'20,  6'  =  Om<188,  whence  we  deduce  Om>014  for  the  thickness  of  the 
nucleus  and  the  ribs. 

Suspension  Bridges. — The  first  consideration  in  suspension  bridges  is  to  determine  the  goo- 
metrical  position  of  the  angles  of  the  polygon  formed  by  the  points  of  attachment  of  the  suspending 
rods.  It  will  be  observed,  first,  that  each  couple  of  rods  corresponding  with  the  two  sides  of  the 
roadway  may  be  considered  as  bearing  half  the  weight  of  each  of  the  two  interspaces  comprised 
between  the  couple  of  rods  and  the  preceding  or  following.  If  the  rods  are  equidistant,  they  will 
consequently  sustain  equal  weights.  If  the  rods  were  infinite  in  number  and  infinitely  close  to 
one  another,  each  couple  would  sustain  an  element  of  the  roadway,  and  any  given  portion  of  the 
chain  would  sustain  a  weight  proportioned  to  its  horizontal  projection.  On  this  hypothesis  it  is 
easy  to  perceive  that,  disregarding  the  weight  of  the  rods,  the  chain  would  assume  the  form  of  a 
parabola  to  the  vertical  axis,  the  equation  of  which  is  easily  ascertained.  Let  A,  Fig.  1491,  be 
the  lowest  point  of  the  chain.  At  this  point  is  exercised  a  horizontal  tension  which  we  will 
represent  by  Q.  Let  us  take  for  the  axis  of  ;/,  the  vertical  of  the  point  A,  and  for  the  axis  of  x 
a  horizontal  O  X  drawn  at  the  height  of  the  roadway.  Let  M  and  M'  be  tsvo  points  of  the 
chain  infinitely  close  to  one  another  •  let  T  be  the  tension  of  the  chain  at  the  point  M,  a  force 
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which  is  applied   in  the  direction   of  a  tangent  at   this  point.      If  a  designates  tho  nnglo  of 
this  tangent  with  the  horizon,  tho  horizontal  and  vertical  components  of  T  will  be  T  cos.  a  and 

' 


T  sin. 
tbe«e 


a.     Paasing  from  tho  point  M  to  the  point  M' 
component*  will  become  T  cos.  a  +  c/,  T  em.  a,  ana 


X 
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Let  2  p  bo  the  weight  a  lineal  metre  of  the  bridge, 
2/><f*  will  be  the  weight  of  an  element  of  this  bridge, 
u:i.l  pJ-c  will  be  tho  weight  of  the  portion  N  N' of  the 
liridgo  supported    by  a   rod  jointed   at  the   middle  of 
. 'incut   MM'.     This  element  being  in  equilibrium 
tho  action  of  this  weight  and  of  the  two  tensions 
already  considered,  we  shall  have,  by  taking  the  sum  of 
the   horizontal  components   (T  cos.  a  +  d,  T  cos.  o)  — 
T  cos.  a  =  0,  or  </,  T  cos.  a  =  0,  whence 

T  cos.  a  =  const.  =  Q 
and  taking  the  sum  of  tho  vertical  components, 

(T  sin.  a  +  d,  T  sin.  a)  —  T  sin.  a  —  p  d  x  =  0,  or  d,  T  sin.  o  =  p  dx, 

and  substituting  for  T  its  value  -   —  ,  d  Q  tan.  o  =  p  d  x,  or  Q  dy'  =  p  d  x,  calling  y'  tho  angular 

COS.  01 

coefficient  of  the  tangent  at  M.     Integrating  and  observing  that  the  point  A  is  the  lowest 

P 
point,  we  have  y'  =  0  for  x  ~  0 ;  wo  obtain  Q  y'  =  px,  or  dy  =   ^  x  d  x.     Integrating  afresh 

and  designating  by  y,  the  ordiuate  of  the  point  A,  we  find 

2  ron 

the  equation  of  a  parabola  which  has  for  axis  the  axis  of  y,  d  being  employed  as  the  differential 
sign. 

Without  supposing  the  rods  infinite  in  number,  if  we  suppose  them  equidistant,  as  is  ordinarily 
the  case,  and  disregarding  their  weight,  we  may  demonstrate  by  very  slight  consideration  that  the 
angles  of  the  polygon  formed  by  the  chain  are  upon  a  parabola.  Let  M,  M',M",  Fig.  J492,  be  three 
consecutive  points  of  the  chain ;  let  T  and  T'  be  the  tensions  of  the  sides  M  M'  and  M'  M",  and  P 
the  weight  supported  by  the  rod  M'  N'.  The  point  M'  being  in  equilibrium  under  the  action  of 
these  three  forces,  the  sum  of  their  horizontal  components  is  equal  to  0 ;  that  is  to  say,  the  horizontal 
projection  of  the  tension  of  any  given  side  is  a  constant  quantity ;  we  will  designate  it  as  above,  by  Q. 
Produce  the  side  M  M'  as  far  as  K ;  the  three  forces  T,  T',  and  P,  will  be  proportional  to  the  three 
sides  of  the  triangle  M'  M"  K,  which  are  respectively  parallel  to  them.  If  then  we  represent  the 
tension  T  by  the  side  M  M',  or  by  its  equal  M'  K,  the  tension  T'  will  be  represented  by  M'  M", 
and  the  weight  P  by  M"  K.  Now  the  weight  sustained  by  each  rod  is  a  constant  quantity,  since 
the  rods  are  equidistant ;  the  length  M"  K  is  then  also  constant.  Draw  the  horizontals  M  I  and 
M'  H.  The  length  M'  I  or  its  equal  K  H  being  the  primary  difference  of  the  ordinate  M  N  ;  that 
is  to  say,  the  difference  between  M'N',  and  MN,  and  M"H,  being  the  primary  difference  of  tho 
ordinate  M'  N',  that  is  the  difference  between  M"N"  and  M'N',  the  length  K,  which  is  the  differ- 
ence between  these  two  primary  differences,  is  nothing  else  than  the  second  difference  of  M  N. 
The  centre  of  curvature  of  the  points  of  the  chain  has  then  this  property,  that  the  second  difference 
of  the  ordinate  is  constant ;  it  is  then  a  curve,  the  equation  of  which  is  in  the  form  y  ^  a  • '  ' 
that  is,  it  is  a  parabola,  whose  axis  is  parallel  to  the  ordinates. 

1493. 


Ji. 


Finally,  still  disregarding  the  weight  of  the  rods,  whatever  may  be  the  successive  distances  of 

i  one  from  the  other,  the  consecutive  points  of  attachment  of  the  chain  are  always  upon 

a  parabola.    Let  3I0,  M,,  M2,  M,,  .  .  .  .  Fig.  1493,  be  the  consecutive  points  of  the  chain ;  xm 

Ifr'"  yi'  f?  y" .',',; '       ir  c°-°rdmate8  in  relation  to  two  rectangular  axes,  the  one  vertical  passing 

«b  the  middle  of  the  horizontal  side  m  M0,  and  the  other  horizontal;  P0,  P.,  P.,  P3,  tho 

;hta  supported  by  the  corresponding  rods;  T,,  T2,  T3 the  tensions  of  the  consecutive 

common  horizontal  projection.    It  is  sufficient,  in  fact,  to  consider  the  equilibrium 

iy  given  apex  and  make  equal  to  0  the  sum  of  the  horizontal  projections  of  the  forces  acting 

I  these  tensions  have  horizontal  projections  equal  in  absolute  value.     Let  us 

consider  the  equilibrium  of  the  point  M, ;  the  weight  P0  applied  at  this  point  has  for  its  expression 


[3] 
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designating  by  p  the  weight  a  linear  metre  sustained  by  the  chain,  which  is  the  half  of  the  weight 
per  linear  metre  of  the  roadway.  Making  equal  to  0  the  sum  of  the  horizontal  projections  of  the 
forces  Q,  T,  and  P0,  we  obtain 


Making  equal  to  0  the  sum  of  the  vertical  components  of  the  same  forces,  we  find 

|  O,  +  *„)  =  T,  sin.  M,  M0  H  =  T,  yJ-^j?  . 
If  we  divide  term  by  term  the  two  proportions  just  established,  we  obtain 

2  §  *i  +  *o)  =  V^~t  ,  ^ence  y,  -  V.  -  ^  O?  -  *•).         C 
If  we  consider  the  equilibrium  of  the  point  M,,  we  shall  find  in  the  same  way 


whence  dividing  term  by  term, 

K=       <*S—  !>.  [5] 


Applying  the  same  method  to  all  the  other  points,  we  shall  obtain  analogous  relations ;  and  if 
*n  -  i,  yn  -  i,  and  xn ,  yn  represent  the  co-ordinates  of  any  two  given  consecutive  points,  we  shall 
have 

VB  —  Vft  -  1  =  =r=   (x?  —  xS      i\  '      TfiT 

o  Q  \  H       •*»  —  '/•  L°J 

Adding  term  to  term  all  the  relations  thus  obtained,  and  reducing,  we 

so  that  by  suppressing  the  index  n  we  have  for  any  given  point  of  which  x  and  y  are  the  co-ordinates, 

v  ~  y<>  —  2  Q  ^*  ~  xo)  •  [7] 

this  is  the  equation  of  a  parabola  whose  axis  is  vertical,  and  which  has  for  its  vertex  the  point  of 

the  axis  of  y  having  for  its  ordinate  ya ^  x$. 

2  Q 

If  the  chain  had  no  horizontal  side,  we  should  make  the  .y  axis  pass  through  the  lowest  apex 
M0 ;  we  should  then  have  x0  =  0,  and  applying  the  same  method,  we  should  find  the  equation  of 
the  parabola  to  be 

»-y.  =  ^Q*t-  [8] 

Having  the  equation  of  the  curve,  we  can  easily  deduce  from  it  the  horizontal  component  Q  of 
the  tensions  of  the  sides.  In  fact,  the  point  at  which  the  chain  meets  the  vertical,  elevated  at  the 
extremity  of  the  roadway,  may  be  considered  as  a 
point  of  the  chain ;  now  this  point  is  always  given. 
If  the  chain  is  symmetrical  with  relation  to  the  ' 
lowest  point,  the  co-ordinates  of  this  imaginary 
point  of  attachment  are  the  semi-span  a  of  the 
bridge,  and  the  height  h  of  this  point  above  the 
axis  x  ;  we  should  then  have,  in  the  case  of  the 
formula  [7], 


Q  =  oP 


2  Q  v  2  ^     A  -  y0  '  <T 

In  the  case  of  the  formula  [8],  we  should  have 
1 
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Mo 


Q  =  2  P  h^~'  °  **  ^* 

Thus,  by  assuming  the  supposed  point  of  attachment,  and  the  point  M0,  we  deter  mine  t'm 
ordinate  of  a  point  of  the  chain  corresponding  with  a  given  abscissa,  and  consequently  the  point 
corresponding  with  a  given  rod,  as  well  as  the  horizontal  tension  of  the  chain. 

The  actual  point  of  attachment  is  always  situated  beyond  the  point  which  we  have  called  the 
imaginary  point  of  attachment. 

It  is  easy  to  deduce  from  the  preceding  the  tension  of  a  given  side  of  the  polygon  formed  by 
the  chain.  Let  MB_  i  and  Mn,  Fig.  1494,  be  two  given  consecutive  points,  and  T»  the  tension  of 
the  side  Mn  _  i  Mn.  The  portion  of  the  chain  comprised  between  the  point  M0  and  the  point 
Mn  .  t  bears  the  weight  of  the  roadway  comprised  between  the  axis  of  y  and  the  vertical  passing 
through  the  middle  of  Mn  - 1,  M« ;  this  weight  has  then  the  value 


Pn=P 


Tin's  portion  of  the  chain  is  in  equilibrium  under  the  action  of  its  weight,  and  of  the  forces  Q 
and  Tn  ;  calling  a,,  the  angle  of  the  side  Mn    i  Ma  with  the  horizon,  and  making  equal  to  0  the 
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mm  of  the  horizontal  ri'mp«nents  and  that  of  the  vertical  components  of  these  three  forces,  we 
obtain  T.  oo*.  a.  •  W.  un>l  T.  bin.  a.  =  PM  whence,  squaring,  adding,  and  extracting  the  square 

r      .  

T.  =  *J  Q»  +  PJ  .  [9] 

tcnoinn  increases  with  P,  ;  thus  tho  maximum  of  tension  is  placed  on  the  last  side.     In 


order  t.«  ml.Miliite  it  more  easily,  we  may  Biip|x>se  tluit  the  lowest  point  of  the  clmin  is  the 

imnil-'hi.  wliieh  is  to  phioo  it  iii  tlie  case  of  the  formula  [8];  and  if  we  call  b  the  diffcr- 
;:,,•  height  of  the  point  of  attachment  above  the  lowest  point,  we  have 

1       a1 


Besides,  we  have  then  P  =  pa;  calling  T  the  maximum  tension,  it  follows  that 


T  = 


462 


[10] 


The  horizontal  tension  and  that  of  tho  different  sides  of  the  chain  may  also  bo  determined 

geometrically  when  we  know  the  inclination  of  the  last  side.     To  make  this  clear,  we  will  take 

ise  where  tin-re  is  a  horizontal  side.     Upon  a  vertical  of  indefinite  length  let  us  take  the 

::i»IA,  AB,  BC,  .  .  .  .  DH,  Fig.  1495,  proportional  to  the  successive  weights  supported 

l.y  the  different  rods;  that  is  to  say,  to  half  the  sum  of  1496> 

•,'hts  of  the  two  adjacent  divisions  of  the  bridge. 
From  the  point  I  draw  a  horizontal,  and  from  the  ex- 
;K>int  II  ft  right  line,  having  the  inclination  given 
bv  the  last  side  of  the  chain.  These  two  right  lines 
meet  at  a  point  O ;  draw  O  A,  O  B,  O  9,  .  .  .  .  O  D. 
The  riu'ht  line  I  H,  representing  the  weight  borne  by 
the  rods  O  I,  will  represent  the  horizontal  tension  Q,  and 
the  lines  O  A,  O  B,  O  C,  and  so  on,  will  represent  the 
:u  of  the  successive  sides  of  the  chain;  OH  will 
represent  the  tension  of  the  last  side,  which  is  the  maxi- 
mum tension.  If  we  first  consider  the  portion  of  chain 


between  the  first  roil  and  the  last,  we  see  that  it  is  in  equilibriunfunder  the  action  of  the 
hoiizontal  tension  Q  of  the  tension  T  of  the  last  side,  and  of  the  weight  P  of  the  roadway  borne  by 
these  i-"  U.  N  >w,  these  three  forces  being  parallel  to  tne  three  sides  of  the  triangle  O  I  H,  they 
are  proportional  to  these  sides ,  and  since  P  is  represented  by  I  H,  it  follows  that  Q  is  repre- 
sent^! by  O  I,  and  T  by  0  H. 

l.'-t  us  now  consider  the  point  of  attachment  of  the  last  rod;  it  is  in  equilibrium  under  the 
action  of  the  weight  p,  suspended  to  the  rod,  of  the  tension  T  of  the  last  side,  and  the  tension  T' 
of  the  preceding  aide.  Now,  the  two  former  forces  being  represented  in  magnitude  and  in  direc- 
tion by  tin-  two  sides  DH  and  OH  of  the  triangle  ODH,  the  third  force  T'  must  be  represented 
in  magnitude  and  in  direction  by  the  third  side  O  D  of  this  triangle.  We  should  thus  demonstrate 
step  by  step  that  O  C,  O  B,  O  A,  and  so  on,  represent  in  magnitude  and  direction  the  successive 
t'-iiM"iis  of  the  other  sides.  An  analogous  mode  of  reasoning  would  be  employed  in  case  there 
w.-re  no  horizontal  side.  In  both  cases  the  force  Q  is  the  horizontal  projection  common  to  all  the 
tensions. 

It  is  necessary  to  determine  the  length  of  the  chain.    To  obtain  this,  we  might  calculate  suc- 

•.•.•ly  each  of  its  sides  by  means  of  the  co-ordinates  of  its  extremities.     But  this  method  is  a 

very  lalmrious  one;  and  we  can  obtain  a  sufficient  approximation  by  substituting  for  the  polygon 

the  circumscribed  parabola,  of  which  we  have  the  equation.     We  take  for  this  the  equation  [8], 

in  which  we  suppress  ym  which  amounts  to  making  the  x  axis  pass  through  the  lowest  point  ;•  we 

thus  get  y  =  r-rr  x*,  or,  replacing  Q  by  its  value,  —  p  -  t 

—  '  £  »  V 


Calling  s  the  length  of  the  arc  of  the  curve  computed  from  the  vertex,  we  have 

ds  =  dx  Vl  +  y">; 

but  y'  =  2  6  — ,  consequently  ds  =  dx  v   1  -f 

a  a4 

In  the  ordinary  application,  6  is  small  in  comparison  with  a ;  besides,  a:  is  at  tHe  most  equal 
to  a ;  the  fraction  under  the  radical  is  then  very  small ;  and  we  may,  without  perceptible  error, 

add  under  the  radical            ;  the  quantity  under  the  radical  then  becomes  a  perfect  square  num- 
ber, and  extracting  the  root,  we  obtain  ds  =  dx  I  1  -| —  V 

\        <*4  / 

Integrating,  and  observing  that  for  x  =  0  we  should  have  s  =  0,  we  find 

2  PJ* 


and  for  x  =  a. 


s  =  a  +    -    -  =  a 


2  &' 


[12] 


...  • 

which  is  the  length  of  the  parabola  from  the  lowest  point  up  to  the  point  which  corresiymds  with 
the  extremity  of  the  roadway. 
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This  length  of  the  chain  is  its  absolute  length  under  the  action  of  the  load  which  it  supports  ; 
it  is  greater  than  its  original  length  s0  by  the  elongation  produced  by  tension.  Let  6  be  a  mean 
between  the  maximum  tension  calculated  above,  and  the  horizontal  tension  Q  ;  the  elongation  of 
iron  a  linear  metre  being  0  •  00005  metre  for  a  tension  of  1  kilogramme  a  square  millimetre  of  the 

g 
section,  calling  w  the  section  of  the  chain  expressed  in  square  millimetres,  s  -  «0  =  sc-0m-  00005 

• 
s 

whence  s0  =  -  -  --  .    The  length  s  will  vary  with  the  temperature  ;  the  coefficient  of  the 
1  +-  0-0005 

01 

expansion  of  iron,  roughly  estimated,  is  0'  0000122,  so  that  passing  from  0  to  the  temperature  <,  the 
length  s  becomes  s'  =  s  (1  +  0'  0000122  t).  From  this  results  an  increase  of  the  versed  sine,  which 
it  is  necessary  to  know  how  to  calculate.  Now,  if  in  the  formula  [12]  we  allow  s  and  b  to  become 

4  6 
variables  and  differentiate,  we  have  da  =  —  db.    For  in  considerable  expansions  we  may  admit 

that  the  final  increments  of  s  and  6  are  plainly  proportional  to  increments  infinitely  small  ;  we 
then  write  46  3  a 

A  s  =  —  -  A  6  ,   whence  A  6  =  —  -  A  s  ,  [131 

oa  46 

.  A  6  signifies  the  finite  difference  of  6. 

This  formula  gives  the  increment  of  the  versed  sine  A6  corresponding  with  an  increase  of  length 
As  of  the  chain.  We  thus  find  that  for  a  bridge  of  100  metres  span,  in  which  case  a  is  equal 
50  metres,  and  having  a  versed  sine  of  5  metres,  the  latter  is  augmented  by  Om  •  135  when  the 
temperature  is  raised  from  0  to  30°. 

The  section  of  the  rods  is  easily  calculated  according  to  the  weight  they  have  to  carry.  Take 
the  value  of  the  weight  of  the  roadway  which  the  rod  has  to  support,  and  add  to  it,  according 
to  the  regulations  laid  down,  a  load  of  200  kilos,  a  square  metre  ;  divide  the  sum  by  12  kilos,  in 
the  case  of  iron  bars,  and  by  18  kilos,  in  the  case  of  wire  rope.  The  quotient  expresses  in  square 
millimetres  the  section  of  the  rod. 

The  section  of  the  chain  is  determined  according  to  the  maximum  tension  which  it  has  to 
support.  This  tension  is  obtained  by  taking  into  account  at  first  only  the  weight  of  the  roadway, 
of  its  load,  and  of  the  weight  of  the  rods.  We  thus  obtain  for  the  section  of  the  chain  an  approxi- 
mative value,  whence  we  deduce  the  approximative  value  of  the  chain  itself.  Kecommencing  the 
calculation  by  introducing  into  the  total  weight  that  of  the  chain,  we  obtain  a  near  value  for  the 
section,  which  is  in  general  sufficiently  near  for  all  purposes.  The  small  beams  supported  by  the 
rods  by  means  of  iron  straps  may  be  considered  as  prisms  placed  upon  two  supports  and  loaded  with 
the  weight  of  the  flooring-planks,  which  form  two  semi-interspaces,  having  the  regulation  load  or 
weight  uniformly  spread  over  the  length  of  the  beam.  The  dimensions  of  the  flooring  are  calculated 
in  a  similar  manner.  The  regulation  load  of  200  kilos,  a  square  metre  represents  the  weight  of 
three  men.  If  the  bridge  is  intended  for  the  passage  of  vehicles,  it  is  necessary,  in  the  calculation 
of  the  section  of  the  chain  and  that  of  the  rods,  to  take  into  account  the  weight  of  two  conveyances 
at  least  ;  and  to  consider  them  as  crossing  one  another  upon  a  given  interspace.  It  is  also  necessary 
to  consider  this  circumstance  in  the  calculation  for  the  smaller  beams  and  the  floor,  independently 
of  a  weight  uniformly  distributed  ;  we  have  then  to  consider  a  weight  applied  at  a  given  point,  for 
example  in  the  middle,  which  is  the  most  unfavourable  case. 

We  require  to  calculate  the  lengths  of  the  rods.  If  they  are  not  equidistant,  each  of  these 
lengths  must  be  calculated  by  means  of  the  equation  of  the  parabola,  and  taking  the  sum.  But 
the  calculation  is  simplified  when  the  rods  are  equidistant.  Let  us  consider  first  the  case  in  which 

there  is  no  horizontal  side.    We  have  seen  that  the  equation  of  the  parabola  in  relation  to  its 

gp 

vertex  is  then  y  =  b  —  . 
a2 

Let  us  designate  by  A.  the  width  of  an  interspace  ;  the  successive  lengths  of  the  rods,  computed 
from  the  axis  of  jct  that  is  to  say,  from  the  horizontal  which  starts  from  the  lowest  point,  will  have 

.         6  A2     6  4  A2    6  9  A2  6  n2  A2     ....  ' 

for  their  respective  values  —5-  ,  —  r—  ,  —  5—,  ....  —  5—,  calling  n  the  number  of  rods.     The 
a*         a*  a'  or 

b  A2 
sum  2  of  these  rods  will  then  be  2  =  —  ;.-  (1  +  4  +  9  +....  +  «a).    Now  the  sum  of  the  squares 

or 

of  the  consecutive  numbers  from  1  to  n  has  for  its  value  -  -  --  ,  we  shall  then  have 

0 

_6A2  n 
""  " 


6  ' 

We  may  simplify  still  more  this  expression  by  observing  that  we  have 

A  1 

a  =  (»  +  1)  A,  whence  —  =  -  -  • 

a  n  -f-  1 

Substituting  this  value  for  —  ,  and  reducing,  we  find 

.  n(2n+l)                 1  2n4  1 


If  there  is  a  horizontal  side,  the  most  simple  method  is  still  to  take  the  parabola  in  relation  to 

p  x^ 

its  vertex,  in  which  case  the  equation  [8]  is  reduced  further  to  the  form  y  =  —  r  x*  =  b  —  ,  since 

£t  \^  Q 

the  transposition  of  the  axis  of  x  does  not  change  the  parameter.     But  the  abscissa  of  the  points 
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—  — , 


of  attachment  of  the  rods  are  then,  designating  by «,  the  half-interspace,  «,  8«,  5«,  7e,  .  ...(2n— 1)< 
n  dewguating  tin.-  number  of  the  rods.     We  iiuve  tliou  in  this  case 

3  -  ^  n  +  9  +  25  +  49 +  (2  n  -  I)2]. 

a* 

Now  the  sum  of  the  squares  of  the  n  first  unequal  numbers  has  for  its  value 

6.«  (2n-l)2«(2n  +  l) 
we  then  get  3  =  -5-  * g . 

This  expression  may  bo  simplified  by  observing  that  wo  have  a  =  c  2  n  + 1 ,  whence  —  =  =-    — . 

u       2t  n  -f- 1 

Substituting  and  reducing,  we  obtain  as  a  final  result 

(2  n  -  1)  2  »  _  J_ 
If 


2n+  1 


[15] 


6(2  n  +  1) 

We  may  remark  that  the  values  of  2  given  by  the  formula)  [14]  and  [15]  differ  very  slightly 
from  -  6n;  BO  that  when  we  only  require  a  summary  estimate,  we  can  get  the  sum  of  the  lengths 

9 

of  the  rods  by  multiplying  the  third  of  the  greatest  by  the  number  of  these  rods. 

The  formulae  [14]  and  [15]  give  the  sum  of  the  lengths  of  the  rods  only  as  far  as  the  tangent 
to  the  vertex  of  the  parabola  circumscribed  on  the  chain.  It  is  necessary  to  add  further  the  lengths 
»f  the  portions  of  the  rods  comprised  between  the  tangent  and  the  roadway.  If  the  latter  is  hori- 
zontal, calling  8  the  distance  from  the  vertex  of  the  curve  to  the  roadway,  we  must  add  n  S  to  the 
Mini  already  calculated.  Sometimes  the  roadway  has  a  slightly  parabolic  form,  the  convexity  being 
turmil  upwards.  In  this  case  it  would  be  necessary  further  to  add  to  the  sum  of  which  we  speak 
the  sum  of  the  ordinntes  of  the  new  parabola,  correspond-  f  1496 

nii,'  with  the  same  abscissae,  they  are  calculated  like  the 
first  .-inn. 

We  have  supposed  up  to  the  present  that  the 
chain  was  composed  of  two  symmetrical  portions,  its 
vertex  corresponding  with  the  middle  of  the  road- 
way. This  is  not  always  the  case ;  but  knowing  the 
heights  A  and  A',  Fig.  1496,  of  the  supposed  points 
of  attachment  H  and  H'  above  the  tangent  to  the 
vrrtox,  and  the  length  A  A'  =  L  of  the  roadway,  it  is  easy  to  determine  the  distances  a  and  a' 
from  the  summit  of  the  parabola  to  the  extremities  of  this  roadway.  For  we  have,  first,  a  +  a'=  L. 

Next  we  have,  since  the  points  H  and  H'  are  upon  the  parabola,  A  =  -^=  a2  and  A'  =  ^-  a'2, 

A        a»  a 

whence  — =  —  ,  or  —  = 

o  a       */  A' 

We  also  obtain  from  the  two  relations  between  a  and  a'  the  values 


and  a'  =  L 


V  A  +  V  A'  v  A  +  v  A' 

which  determine  the  position  of  the  point  O.  This  point  being  known,  we  may  apply  to  each  of 
the  branches  O  A  and  O  A'  the  calculations  and  the  formulae  belonging  to  the  case  in  which  the 
point  O  was  supposed  to  be  in  the  middle  of  the  roadway. 

We  have  also  supposed  that  there  was  only  one  chain  on  each  side  of  the  bridge ;  generally 
there  are  several ;  but  the  projection  of  their  vertices  upon  a  vertical  plane  parallel  to  the  direction 
of  the  bridge  is  upon  the  same  parabola.  The  calculations  are  made  as  if  all  these  vertices 
belonged  to  one  chain.  If  there  are  four,  the  first  bears  the  rods  1,  5,  9,  &c. ;  the  second,  the  rods 
2,  6, 10,  Ac. ;  the  hird,  the  rods.  3,  7,  11,  &c. ;  the  fourth,  the  rods  4,  8, 12,  &c. 

1497. 
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T    T/he^hRUia  or  c*.)'168  re3*  upon  the  piers  or  abutments  by  means  of  fixed  or  movable  supports. 

ue,  these  supports  are  piers  of  masonry,  or  cast-iron  pillars.      The  chains  are  not 

>  these ;  they  pass  over  rollers,  or  portions  of  rollers,  known  as  revolving  sectors,  Fig.  1497, 

bemselvea  rest  upon  a  plane  surface.    The  intention  of  this  arrangement  is  to  distribute 

re  more  equally  over  the  different  portions  of  any  one  chain,  and  to  counteract  the  rupture 

cault  from  an  inequality  of  tension  between  two  consecutive  portions  of  the  chain. 

lonally  the :  chain  is  even  made  to  pass  over  three  rollers,  of  which  one,  that  in  the  middle, 

d  higher  than  the  others,  in  order  to  dimmish  the  angle  of  flexion  of  the  chain,  Fig.  1498. 
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The  movable  supports  are  columns  or  large  cast-iron  uprights,  resting  upon  a  fixed  support  by 
means  of  a  horizontal  rounded  edge.  This  arrangement  has  the  same  intention  as  the  use  of 
friction-rollers  or  revolving  sectors.  The  tension  is  distributed  equally  between  the  two  divisions 
of  the  cable,  and  the  resultant  of  the  two  equal  tensions  is  directed  according  to  the  bisectrix  of 
the  angle  formed  by  the  two  divisions ;  it  leans  towards  one  or  the  other  side,  according  to  the 
inequality  of  the  load  of  the  two  roadways.  It  is  plain  that  if,  from  the  effect  of  a  passing  load  upon 
one  of  these  two  roadways,  the  tension  of  the  chain  is  augmented,  the  chain  is  drawn  towards  that 
side,  and  by  adherence  draws  with  it  the  movable  pillar,  making  it  revolve  round  its  resting  point 
O,  Fig.  1499,  until  the  tension  diminishing  on  that  side  and  increasing  on  the  other,  becomes  equal 
to  the  two  divisions. 

The  base  of  the  pier  must  be  so  arranged  that,  meeting  the  result  of  the  two  tensions,  with  the 
•weight  of  the  pier  and  the  revolving  column,  we  obtain  a  total  resultant  which  meets  the  base  of 
the  pier  at  a  point  in  its  interior,  sufficiently  removed  from  the  nearest  edge  to  avoid  crushing  the 
stone,  and  will  also  make  with  the  vertical  an  angle  inferior  to  the  angle  of  the  friction  of  the 
pillar  on  the  stone,  that  is  to  say,  inferior  to  37°,  or  the  angle  of  friction. 

•      1499. 


Each  of  the  extremities  of  the  chain,  after  having  passed  over  the*  fixed  or  movable  support 
which  corresponds  to  the  abutment,  is  carried  into  the  ground,  penetrating  into  a  solid  mass  of 
masonry,  united  to  the  pier.  Fig.  1500  shows  this  arrangement ;  the  chain  after  passing  over  the 
support,  takes  the  direction  A  B,  generally  more  nearly  approaching  the  vertical  than  the  last 
side  T  A ;  at  13  it  assumes  a  bent  direction,  so  as  not  to  require  in  the  mass  where  it  is  moored 
dimensions  needlessly  great;  with  the  point  of  inflection  there  usually  corresponds  a  smaller 
revolving  support ;  the  chain  afterwards  descends  in  the  direction  B  C  into  an  inclined  channel, 
which  is  terminated  by  a  narrow  opening  closed  by  a  plate  of  cast  iron,  to  which  the  chain  is 
fixed ;  below  this  is  the  mooring-hole  C,  into  which  there  is  access  by  the  opening  D  to  reach 
the  point  of  attachment.  The  same  opening  usually  serves  for  access  to  the  two  cavities  on 
the  same  bank  communicating  one  with  another  by  a  vaulted  gallery.  It  is  necessary  for  the 
equilibrium  and  stability  of  the  system,  that  on  composing  the  tension  in  the  direction  of  A  B 
with  the  weight  of  the  mooring-block,  a  resultant  should  be  obtained  which  meets  the  mass  of  the 
block  at  a  point  in  its  interior,  at  a  sufficient  distance  from  the  nearest  ridge,  and  which  will 
make,  with  the  vertical,  an  angle  inferior  to  the  angle  of  friction  considered  above.  In  accordance 
with  this,  the  dimensions  and  consequently  the  weight  of  the  block  are  determined. 

As  a  rule,  no  great  height  is  given  to  the  supports,  whether  fixed  or  movable;  it  follows  that 
the  tension  Q  is  rather  considerable,  for  it  varies  in  inverse  ratio  with  the  height ;  but  in  an 
economical  point  of  view  there  is  less  inconvenience  in  slightly  augmenting  the  section  of  tho 
chains,  than  in  increasing  the  height  of  the  supports,  which  would  besides  have  tho  effect  of 
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diminishing  stability.  Whore  we  are  obliged  to  give  a  great  height  to  the  supports,  they  are 
united  by  stays  A  B,  CD,  Fig.  1501,  which  are  attached  to  the  top  of  one  of  tho  ]>ior*  and  fixed 
at  the  foot  of  the  other :  the  figure  shows  this  arrangement 
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We  harp  said  that  the  actual  point  of  attachment  of  the  chains  does  not 
coincide  with  thnt  which  we  have  (.tilled  the  imaginary  |>oiiit  of  attachment, 
which  is  UJK.II  the  vertical  of  the  extremity  of  the  ro:i.l\\ay.  In  this  in- 
terval, the  chain  having  only  its  own  weight  to  curry,  affects  the  form  of  an 
arch  of  chainwork,  which  accords  with  the  parabola  circumscribed  on  the 
chain;  but  the  two  curves  differ  then  so  little  one  from  the  other,  that  we 
may  without  appreciable  error  consider  the  arch  of  chainwork  as  the  prolon- 
gation of  the  parabola. 

from  Brtdtff  HuiMing. — The  Charing  Cross  Bridge,  erected  to  support  the 
Charing  Cross  Railway  over  the  Thames,  occupies  the  site  of  the  Hungerford 
Suspension  Bridge. 

This  bridge  comprises  nine  spans.  Fig.  1502,  six  of  154  ft.  and  three  of  100  ft. 
The  superstructure  over  the  three  latter  sjxuis  is  fan-shaped,  Fig.  1503,  inasmuch 
as  the  ground  available  for  the 

rimring  Cross  Station  being    ^^.N.  1603- 

somewhat  restrict.  .1  in  length, 
it  was  necessary  to  begin  the 
widening  out  on  the  bridge. 
It  was  found  necessary  to 
divide  the  opening  between 
the  Middlesex  pier  and  abut- 
ment into  three  spans  of  100 
ft.,  instead  of  into  twospansof 
KM  ft.,  as  on  the  Surrey  side. 

The  bridge  is  carried  by 
cylinders,  sunk  into  the  bed 
of  the  river,  and  by  the  piers 
of  the  Hungerford  Susj>ension 
Bridge,  Fig.  1502,  the  upper 
portions  of  which  have  been 
removed,  while  the  lower  por- 
tions have  been  added  to  and 
modified,  so  as  to  adapt  them 
for  the  railway  bridge.  The 
abutments  of  the  Hungerford 
Su.-j«'nsion  Bridge  are  also 
retained,  but  have  been  consi- 
derably lengthened  and  al- 
tered. The  width  of  the  river 
at  the  bridge  is  1350  ft.  The 
greatest  depth  of  water  be- 
tween the  two  brick  piers  is 
13  ft.  below  low- water  spring 
tides,  and  the  average  depth  is 
about  10ft.  The  rise  of  spring 
tides  is  17 £  ft.  The  level  of 
the  rails  is  31  ft.  above  Trinity 
high-water  mark,  and  the  clear 
minimum  headway  is  25  ft. 
above  the  same  level. 

This  bridge  was  designed  by  Hawkshaw,  but  the  practical  part  of  the 
work,  which  is  by  far  the  most  considerable  portion,  is  due  to  the  engineering 
skill  of  Joseph  Phillips. 

Cylinders  for  the  Openings  154  ft.  Span. — The  cylinders,  excepting  those 
at  the  fan  end,  are  14  ft.  diameter  below,  and  10  ft.  diameter  above  the 
ground,  the  junction  between  the  two  sizes  being  efl'ected  by  an  interme- 
diate conical  length,  Fig.  1504.      There  are  four  piers  (three  intervening 
between  the  towers  of  the  Hungerford  Suspension  Bridge  and  one  between 
the  tower  and  the  abutment  on  the  Surrey  side)  formed  of  cylinders  of  the 
above  diameters,  and  each  of  the  piers  consists  of  two  cylinders,  49  ft.  4  in. 
apart,  from  centre  to  centre.    They  are  of  caot  iron,  and  are  shown  in  detail 
in  Figs.  1505  to  1507.      The  circumference  of  each  cylinder  of  14  ft.  dia- 
meter, is  divided  into  seven  equal  parts  or  segments,  the  segments  being 
generally  9  ft.  high ;    that  of  the  cylinders  10  ft.  diameter,  is  divided  into 
five  equal  parts  or  segments,  each  segment  being  also  generally  9  ft.  high ; 
whilst  that  of  the  intermediate  or  conical  piece  is  similarly  divided  into 
five  equal  parts  or  segments,  each  9  ft.  high.    The  segments  are  fastened 
r  inside,  by  bolts  1J  in.  diameter,  passing  through  flanges  cast  on  the 
top,  bottom,  and  sides  of  the  segments.     A  horizontal  interior  strengthening 
b  is  cast  on  the  middle  of  each  segment.    All  the  joints  of  the  segments, 
oth    horizontal    and  vertical,  are  planed,   and  spaces  are  left    inside  be- 
L  the  flanges  for  the  introduction  of  iron  cement,  to  render  the  joints 
W/^»tlght'j  The  vertical  Joints  °f  the  segments,  in  each  of  the  two  lengths 
rerent  diameters  respectively,  are  over  one  another.    There  are  thus  con- 
tinuous vertical  lines  of  ribs,  securing  a  strong  columnar  arrangement.    The 
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horizontal  joints  can  also  be  made  to  fit  better  in  this  way  than  by  breaking  the  vertical  joints. 
The  thickness  of  the  metal  in  these  cylinders  is  1^  in.  throughout,  excepting  in  the  bottom  length, 
where  it  is  1J  in. 

Sinking  the  Cylinders. — The  staging  for  sinking  the  cylinders  consisted  of  piles  erected  round 
the  pier,  supporting  a  stage  or  platform  at  the  level  of  4  ft.  above  high-water  mark.  When  this 
staging  was  in  its  place,  an  opening  of  45  ft.  was  left  between  two  adjoining  piers  ;  but  in  order 
that  the  navigation  might  not  be  interrupted,  only  two  openings,  in  the  space  between  the  two 

1503. 
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brick  piers,  were  allowed  to  be  narrowed  to  that  extent.  The  staging  used  in  the  two  Surrey 
openings,  which  was  generally  similar  to  that  employed  for  the  other  openings  of  the  same  span,  is 
shown  in  Figs.  1508,  1509.  The  part  up  to  the  lower  platform  was  erected  for  the  purpose  of 
sinking  the  cylinders.  This  was  afterwards  carried  up,  and  the  45-ft.  opening  spanned,  for  the 
purpose  of  erecting  the  girders. 
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The  strata  through  which  tho  cylinders  are  cunk,  Fig.  1502,  consist  of  mud  and  gravel,  of 
varying  thicknesses,  overlying  tho  London  clay.  The  cylinders  wore  sunk  by  excavating  the 
material  from  tho  inside,  'l>y means  of  divers,  and  then  by  weighting  tliem  as  the  excavation 
proceeded,  until  they  hud  pii.sscd  through  all  the  porous  material,  and  had  entered  a  few  feet  into 
the  solid  I^ndon  cln'y.  Tin-  uater  \\:i.s  then  pumped  out,  and  the  cylinder  was  kept  dry  during 
the  rent  of  the  OJtfcmtlOD.  Tho  sinking  was  then  proceeded  with,  by  excavating  the  matcria]  and 
by  weighting  the  cylinders.  The  weight  with  which  it  was  found  necessary  to  load  the  cylinders, 
•  l.-r  to  overcome  the  friction  of  the  sides,  and  to  sink  them  to  their  final  depth,  avenged 
nix  >ut  \M  tons.  The  London  clay  extended  to  a  depth  far  below  tho  level  at  which  the  cylinders 
were  founded. 

Tho  cylinders  constituting  the  pier  between  the  Surrey  abutment  and  the  brick  pier,  are  sunk 
to  a  depth  of  52  ft.  In-low  Trinity  high-water  mark.  Those  between  the  two  brick  piers  are 
sunk  to  u  drpth  of  62  ft.  below  tho  same  level,  excepting  the  up-stream  cylinder  of  the  middle  pier, 
which  had  to  bo  sunk  10  ft.  deeper,  on  account  of  some  of  the  material  through  which  it  passed 
In-iii::  softer  than  that  met  with  at  the  sites  of  the  other  cylinders. 

j-'illin-l-in  th<-  <Jylin'lers,anJ  Wciijhtimj. — After  the  cylinders  had  been  sunk,  and  the  material 
had  been  excavated,  they  were  filled  with  concrete  up  to  where  the  conical  part  commences,  and 
with  brickwork  from  that  level  to  the  under-side  of  the  granite  bearing-blocks  occupying  the  top 
of  i-nch  cylinder.  Tho  concrete  was  composed  of  Thames  gravel  or  ballast,  that  obtained  from  tho 
iti'iii  from  tho  inside  of  the  cylinders  being  used,  so  far  as  it  was  suitable  and  sufficient. 
This  was  mixed  with  Portland  cement,  in  the  proportion  of  one  part  of  cement  to  seven  parts  of 
gravel.  Tho  brickwork  is  generally  composed  of  the  best  paviour  bricks,  set  in  Portland  cement 
mortar,  in  the  proportion  of  one  part  of  cement  to  two  parts  and  a  half  of  sand. 

I?,  fore  the  lengths  above  high  water  were  put  on,  the  cylinders,  after  they  had  been  filled  with 
the  concrete  and  brickwork,  were  weighted  with  a  load  of  about  450  tons,  excepting  the  two 
cylinders  in  the  pier  nearest  to  the  Surrey  side,  which  were  the  first  sunk,  and  weighted  each 
\\  itli  700  tons,  that  being  about  the  greatest  load  that  could  come  upon  any  one  cylinder,  assuming 
the  four  lines  of  rails  on  the  bridge  to  be  loaded  with  locomotive  engines.  Upon  the  removal  of 
the  loads,  it  was  found  that  each  of  the  cylinders  which  had  been  weighted  with  700  tons  had 
permanently  sunk  4  in.,  and  each  of  the  others  that  were  loaded  with  450  tons  had  permanently 
sunk,  on  an  average,  nearly  3  in.  The  larger  loads  were  applied  in  order  to  test  the  strength  of 
the  foundations,  and  the  subsequent  smaller  loads  to  bring  the  cylinders  to  a  bearing,  so  as  to 
prevent  any  settlement,  after  the  completion  of  the  bridge,  from  the  weight  of  the  permanent  and 
moving  loads.  The  load  was  applied  by  piling  the  permanent  rails  of  the  railway  on  the  cylinders. 
After  it  was  removed,  the  top  lengths  were  put  on,  and  were  filled  in  with  brickwork,  and  then 
the  granite  bearing-blocks  were  fixed  in  place.  These  blocks  are  2  ft.  6  in.  thick,  and  are  in  two 
equal  pieces,  which,  when  together,  fill  the  cylinder,  the  joint  being  under  and  longitudinal  with 
the  girders.  The  granite  blocks  project  1  in.  above  the  top  of  the  cylinders,  in  order  that  the 
ht  may  be  prevented  from  coming  on  the  upper  edge  of  the  ironwork. 

Kadi  pair  of  cylinders  forming  a  pier  is  connected  together  transversely  by  a  wrought-iron  box- 
pirder,  4  ft.  deep,  strongly  attached  to  the  top  of  each,  Figs.  1510  to  1512.  This  girder  also  serves 
the  purpose  of  a  cross-girder  for  supporting  the  road- 
way. Assuming  the  four  lines  of  way  on  the  bridge 
to  be  loaded  with  locomotive  engines,  the  pressure 
on  the  base  of  the  cylinders  would  amount  to 
about  8  tons  the  square  ft.,  and  that  on  the  brick- 
work at  the  top  of  the  cone,  where  the  cylinder  is 
10  ft.  diameter,  to  about  9  tons  the  square  ft.  The 
former  pressure,  however,  is  on  the  supposition  that 
no  relief  is  afforded  by  the  friction  of  the  sides 
against  the  material  through  which  the  cylinders 
penetrate.  If  this  were  taken  into  account,  as  it 
should  be,  the  8  tons  the  square  ft.  would  be  much 
reduced,  and  it  is  clear  that  this  pressure  will  not 
be  approached. 

Superstructure  of  the  Openings  154  ft.  Span. — The 
superstructure  of  each  of  the  openings,  154  ft.  span, 
H  of  two  main  girders,' underneath  which  are 
cross-girders,  Fig.  1504.  The  main  girders  are,  like 
the  cylinders,  49  ft.  4  in.  apart  from  centre  to  centre 
transversely,  leaving  a  space  between  them  sufficient  for  four  lines  of  rails,  the  roadway  platform 
being  supported  by  the  cross-girders.  For  the  purpose  of  carrying  the  footpaths,  each  of  which 
is  7  ft.  wide,  the  cross-girders  extend  beyond  the  main  girders,  forming  a  series  of  cantilevers  on 
each  side  of  the  bridge. 

.l/.iiw  Girders  Spanning  the  154-/£.  Openings. — These  girders  are  of  wrought  iron.  They  are  not 
continuous  over  two  or  more  openings,  but  are  all  detached.  Each  has  to  support,  inclusive  of  its 
own  weight,  a  maximum  distributed  load  of  about  700  tons.  The  elevation,  sections,  and  details 
of  these  girders  are  shown  in  Figs.  1513  to  1530.  The  extreme  depth  of  the  girders  is  14  ft.,  and 
the  depth  between  the  centres  of  gravity  of  the  top  and  bottom  members  is  12  ft.  9  in.  When  the 
girders  are  loaded  with  a  maximum  strain  of  4  tons  the  sq.  in.  in  compression,  and  of  5  tons 
the  sq.  in.  in  extension  (which  are  the  limits  allowed  for  the  wrought-iron  work  throughout 
the  bridgeX  the  sectional  area  in  the  top,  at  the  centre  of  the  girder,  will  be  somewhat  less  than 
00  sq.  in.,  and  that  in  the  bottom,  excluding  the  rivet-holes,  will  be  somewhat  less  than  235  sq.  in. ; 
these  Mag  the  respective  central  areas  of  the  girders. 

The  eides  of  the  girders  between  the  bearings  are  divided  by  vertical  bars  into  fourteen  equal 
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parts,  each  division  containing  a  double  set  of  two  diagonals  crossing  each  other.  These  are 
placed,  as  nearly  as  practicable,  at  an  angle  of  45°  with  the  top  and  bottom  of  the  girder ;  and  both 
the  diagonals  and  the  vertical  bars  are  connected  to  the  top  and  bottom  webs  by  pins  of  puddled 
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eteel.  The  top  and  bottom  webs  of  the  girders  are  of  boiler-plate,  and  consist  of  horizontal  tables 
4  ft.  wide  at  the  top  and  3  ft.  wide  at  the  bottom,  and  of  four  vertical  ribs,  the  two  out<  r  r<>\\s 
being  24  in.  deep,  and  the  two  inner  21  in.  deep.  The  joints  of  the  plates,  in  the  horizontal  tables 
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of  the  top  and  bottom  webs,  are  covered  by  a  continuous  plate  running  the  whole  length  of  tho 
tlmt  in  tin-  H>  being  of  the  same  thickness  as  the  plates  covered,  and  that  in  the  bottom 


the  horizontal  tables  by  angle-iron,  6  in.  by  6  in.,  by  1  in.  thick  in  the  centre  and  £  in.  thick  at 
the  ends, covered  lit  tin-  joints.  The  rivets  used  throughout  the  top  and  bottom  of  the  girders  are 
1  in.  diameter,  and  their  pitch  is  about  4  in. 

The  aggregate  thickness  of  the  plates  in  the  horizontal  table  of  the  top  in  the  centre  of  the 
girder  being  31  in.,  and  in  the  bottom  3{$  in.,  without  the  angle-iron,  and  4|  in.  and  4J-J  in.  re- 
spectively, with  the  angle-iron,  but  excluding  the  angle-iron  covers,  it  would  not  be  easy  to  unite 
the  parts  composing  such  a  thickness  by  rivets  passing  through  holes  punched  in  the  metal.  However 
perfectly  the  holes  may  be  set  out  in  the  first  instance,  the  process  of  punching  always  stretches  the 
iron :  so  that,  when  the  plates  are  put  together,  the  holes  do  not  come  accurately  over  one  another. 
Neither  would  they  have  been  truly  cylindrical  throughout,  as  they  are  always,  when  punched, 
larger  on  one  side  than  the  other :  so  that  where  so  many  thicknesses  had  to  be  united,  imperfect 
riveting  would  have  resulted,  unless  rimering  out  to  a  great  extent  had  been  resorted  to. 

The  diagonals  which  act  as  ties  are  of  Howard's  rolled  suspension  links,  each  separate  tie 
being  composed  of  two  or  three  links  riveted  together.  The  diagonals  acting  as  struts  are  each 
in  one  solid  forging.  The  struts  and  the  ties  have  swelled  ends  for  the  pins.  The  struts  are 
united  together  in  pairs,  by  zigzag  bracing  of  wrought  iron,  4J  in.  wide  by  £  in.  thick,  riveted  to 
them,  and  by  bolts  passing  through  cast-iron  distance-pipes.  The  ties,  also  in  pairs,  are  not 
united  together  ;  but  in  the  centre  of  the  girders,  where  the  diagonals  act  both  as  struts  and  ties, 
the  pairs  are  united  together  in  the  two  central  spaces  by  the  zigzag  work.  The  dimensions  of 
the  struts  vary  from  12  in.  by  3  in.  at  the  ends,  to  6  in.  by  2£  in.  in  the  middle;  and  of  the  ties, 
from  12  in.  by  2J  in.  at  the  ends,  to  6  in.  by  2  in.  in  the  middle.  They  are  7  in.  diameter  at 
the  ends  of  the  girders,  decreasing  to  5  in.  diameter  at  the  centre,  and  are  11  ft.  apart  from  centre 
to  centre. 

At  the  ends  of  the  girders  the  sides  over  the  supports  are  boxed,  being  composed  of  £-in.  plate 
iron,  stiffened  by  angle  and  "|"  iron.  Where  the  girders  bear  upon  the  brick  piers  and  upon  the 
Surrey  abutment,  they  rest  upon  roller  bed-plates;  but  upon  the  cylinders  sheet  lead  only  is 
interposed  between  the  girders  and  the  granite  blocks.  The  force  of  expansion  and  contraction 
will  probably  cause  the  cylinders  between  the  brick  piers  to  rock  to  and  fro  to  a  certain  but 
inappreciable  extent.  The  girders  were  put  together  in  place  on  the  staging,  Figs.  1508,  1509. 
The  top  of  the  girder  was  put  together  on  the  top  upper  platform,  and  the  bottom  of  the  girder 
on  the  top  lower  platform,  the  two  platforms  being  kept  at  the  correct  distances  apart  by  diagonals, 
converting  the  whole  into  a  framework  of  timber.  The  supports  on  the  platforms,  on  which  the 
girders  were  erected,  were  accurately  adj  usted  to  the  proper  camber  of  the  girders. 

The  struts,  with  the  diagonal  bracing,  were  also  put  together  at  the  works  of  Cochrane  and  Co., 
and  the  pin-holes  were  bored  out  to  the  full  size ;  so  that  they,  and  also  the  ties,  were  sent  up  iu 
a  complete  state.  WThen  the  top  and  bottom  webs  were  in  place,  the  struts  and  the  ties  were 
erected,  and  the  pin-holes  in  the  girders  were  accurately  bored  out,  by  means  of  a  boring  apparatus 
worked  by  a  small  steam-engine,  the  gauge  of  the  running  wheels  of  which  was  so  adjusted,  that 
it  might  work  backwards  and  forwards  on  the  two  outer  vertical  ribs  of  the  lower  part  of  the 
girder.  Great  care  was  taken  to  ensure  accuracy  in  the  direction  and  position  of  the  holes.  The 
pins,  after  being  coated  with  grease,  were  forced  into  the  holes,  the  diameter  of  the  latter  being 
such  that  the  former  could  only  be  driven  in  by  exerting  a  considerable  force,  a  perfect  fit  being 
thereby  established.  The  vertical  bars  dividing  the  sides  into  the  several  spaces  are  6  in  wide 
by  1  in.  thick.  They  have  not  been  taken  into  account  in  calculating  the  strains.  They  fit  on  to 
the  ends  of  the  steel  pins,  and  are  in  pairs,  one  on  either  side,  and  outside  the  outer  vertical  ribs 
of  the  top  and  bottom,  and  are  connected  together  by  bolts  and  distance-pipes.  The  only  use  they 
serve  is  to  stiffen  the  girder. 

The  ends  of  the  pins  are  covered  with  circular  castings,  screwed  on ;  and  over  the  ends,  resting 
on  the  cylinders,  ornamental  castings  are  fixed 

The  weight  of  each  main  girder  spanning  the  154-ft  openings  is  190  tons. 

One  of  the  main  girders  was  tested,  when  in  place,  with  a  distributed  load  of  400  tons,  and 
the  deflections  were  accurately  taken.  The  load  being  very  great,  and  the  girder  being  uncon- 
ncoted  transversely  (the  cross-girders  not  having  been  fixed),  great  care  had  to  be  observed  in 
putting  on  the  weight,  which  consisted  of  the  rails  of  the  railway.  The  manner  in  which  it  was 
loaded  will  be  understood  from  Figs.  1531  1532  The  greatest  deflection  in  the  centre,  when  the 
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load  was  on,  was  1-&  in.,  and  the  permanent  deflection,  after  the  load  was  removed,  was  £  in., 
Fig.  1533.  If  the  girders  had  been  rigidly  connected  transversely  by  the  cross-girders,  the  deflec- 
tion would  doubtless  have  been  less.  This  has  since  been  proved  to  be  the  case.  The  whole  of 
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the  bridge,  in  its  completed  state,  has  been  tested  by  a  maximum  load,  and  the  greatest  deflection 
of  the  main  girders  has  not  been  more  than  J  of  an  in.  in  the  centre. 

The  plate  iron  used  throughout  the  bridge  was  also  tested.    These  are  interesting  as  both  the 
extension  and  the  permanent  set  were  carefully  taken  by  an  accurate  extensometer. 
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It  has  been  before  stated  that  the  girders  are  all  detached,  and  not  continuous  over  two  or 
more  openings.  Hawkshaw's  original  intention  was  to  connect  the  girders  spanning  the  two  end 
openings  on  the  Surrey  side,  and  also  to  connect  the  girders  spanning  the  four  central  openings. 
As  regards  the  girders  spanning  the  two  openings  on  the  Surrey  side,  it  was  found  that  it  was  not 
easy  to  gain  the  full  advantage  from  continuity,  inasmuch  as  the  girders  having  to  support  a 
considerable  load,  the  thickness  of  the  plates  in  the  top  and  bottom  was  too  great  to  render  it 
practicable  to  reduce  them  to  a  minimum  at  the  point  of  contrary  flexure.  Moreover,  the  strain 
on  the  diagonals  would  have  been  greater  at  the  central  support  than  at  the  end  supports,  and  the 
uniformity  in  size  of  the  struts  and  ties  could  not  have  been  maintained,  had  their  correct  dimen- 
sions consequent  upon  continuity  been  adopted.  It  was  also  desirable  not  to  increase  the  strain 
on  the  diagonals,  as  the  end  struts  are  already  large  forgings.  The  same  remarks  apply,  more  or 
less,  to  the  girders  spanning  the  four  central  openings,  although  in  this  case  greater  advantage 
would  have  been  gained  by  continuity.  More  difficulty,  however,  would  have  been  experienced 
in  their  erection,  inasmuch  as  the  Conservators  of  the  River  Thames  only  allowed  the  staging  to 
be  erected  in  the  river  for  two  of  the  central  openings  at  one  time.  It  is  clear,  also,  that  much 
more  trouble  would  have  been  incurred  in  constructing  continuous  girders  over  several  openings, 
than  in  putting  together  a  series  of  detached  girders.  In  the  former  case  there  would  be  a 
multitude  of  dissimilar  parts,  whilst  in  the  latter  all  the  girders  would  be  duplicates  of  one 
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another.  Better  workmanship  is  thus  ensured,  and  at 
a  less  cost  a  ton.  In  order  to  ascertain  whether  any  A 
saving  of  metal  would  be  effected  by  the  girders  being 
constructed  on  the  continuous  or  non-continuous  system, 
drawings  of  both  were  prepared,  and  the  weights  were 
accurately  calculated.  The  difference  was  inconsider- 
able in  the  case  of  the  side  openings,  and  was  not  of 
sufficient  importance  over  the  central  openings  to 
counterbalance  the  advantages  to  be  derived  from  non- 
continuity. 

Cross-girders  for  the  Openings  154  ft.  Span.  —  The 
cross-girders  for  the  openings-,  154  ft.  span,  are  shown  in 
Figs.  1534  to  1537.  They  are  of  wrought  iron,  and  are 
suspended  from  the  main  girders.  The  top  and  the 
bottom  of  that  portion  of  the  cross-girders  between  the 
main  girders  consist  of  two  plates,  18  in.  wide  by  f  in. 
thick.  The  sides  are  of  lattice-bars,  united  to  the  top 
and  bottom  by  two  angle-irons,  5  in.  by  3  in.  by  ,V  in-  thick.  These  cross-girders  are  4  ft. 
the  middle  and  2  ft.  H  in.  deep  where  the  cantilevers  are  united  to  them  outside  the  main 
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the  bottom  being  flan-bellied,  and  the  top  having  a  camber  of  3J  in.  in  the  centre.  The  lattice-bars 
are  fixed  at  an  angle  of  about  45°  with  the  top  and  bottom.  The  ties  are  in  two  bars  throughout,  and 
each  bar  varies  from  (>  in.  by  }  in.  at  the  ends  to  4  in.  by  $  in.  in  the  middle.  The  struts  are  in  one 
bar  pawing  between  the  two  ties,  and  vary  from  0  in.  by  1  in.  at  the  ends  to  4  in.  by  1  in.  in  the 
midiile.  The  rivets  in  the  cross-girders  are  f$  in.  diameter.  The  cantilevers  decrease  from 
1 1  in.  deep  at  their  junction  with  the  cross-girders  to  1  ft.  2  in.  deep  at  the  extremities.  The 
top  ami  bottom  »f  the  nintilrvfrs  are  composed  of  two  angle-irons,  3J  in.  by  3  in.  by  £  in.  thick, 
ami  tin-  .-i«lf>  an-  of  lattice-bars  also  plueed  nt  an  angle  of  about  45°  with  the  top  and  bottom;  the 
tioti  likewise  consist  of  two  bars  and  the  struts  of  one  bar  passing  between  them,  each  of  the  former 
being  2  in.  by  J  in.  and  the  latter  2  in.  by  j  in. 

It  will  be  seen,  therefore,  that  the  cross-girders  are  generally  similar  in  character  to  the  main 
girders.  They  are  BUsjHMided  from  the  under-side  of  the  inaiu  girders  at  the  points  where  the 
pins  occur.  They  are  therefore  placed  11  ft.  apart,  from  centre  to  centre.  The  sides  of  the  cross- 
girdera,  where  they  are  underneath  the  main  girders,  are  boxed  in  with  plate  iron.  They  are 
Mi*|>einli-.l  by  four  angle-irons — two  on  either  side — and  outside  the  outer  vertical  ribs  of  the 
bottom  of  each  main  girder,  to  which,  and  to  the  boxed  sides  of  the  cross-girder  these  angle-irons 
are  riveted.  By  this  means  a  strong  and  good  attachment  is  established.  The  cross-girders  are 
connected  together  by  wrought-iron  cross-bracing  attached  to  the  centre  of  each,  Fig.  1503.  Each 
cross-girder,  including  the  two  cantilevers,  weighs  9  tons.  They  were  tested  by  erecting  two 
cross-girders  in  the  contractor's  yard,  placed  transversely  6  ft.  apart  in  the  clear,  the  cantilevers 
being  removed.  They  were  then  loaded  with  140  tons  (equivalent  to  70  tons  on  each  girder) 
ili-tril>iited  over  the  span.  The  maximum  deflection  in  the  centre,  when  the  load  was  on,  was 
1  in. :  and  the  permanent  deflection,  when  the  load  was  removed,  was  \  in.  This  result  would 
doubtless  have  been  better  had  the  cross-girders  been  in  place  and  rigidly  fixed  at  the  ends  to  the 
main  girders.  The  whole  of  the  cross-girders  have  since  been  tested  in  place  with  a  maximum 
load,  and  the  deflection  has  in  no  case  been  more  than  -j|-  in.  in  the  centre. 

ltd. — The  superstructure  of  the  three  openings,  100  ft.  span  each,  of  the  fan  end  is  sup- 
ported by  the  Middlesex  brick  pier  and  by  the  Middlesex  abutment  of  the  bridge,  and  intermediate 
to  these  by  piers  of  cast-iron  cylinders,  that  next  to  the  brick  pier  consisting  of  a  row  of  seven 
cylinders,  and  that  next  to  the  abutment  of  a  row  of  nine  cylinders.  In  these  two  rows,  Figs. 
1503,  1538,  the  outer  cylinders  are  10  ft.  diameter  below  and  8  ft.  diameter  above  the  ground,  and 
the  inner  ones  are  also  10  ft.  diameter  below  but  only  6  ft.  diameter  above  the  ground,  the  junction 
between  the  two  lengths  of  different  diameters  being  effected  by  a  conical  length.  The  circum- 
ference of  the  lower  lengths  of  the  cylinders,  10  ft.  diameter,  is  divided  into  segments,  which  are 
generally  similar,  and  are  connected  together  in  the  same  way,  as  the  upper  lengths  of  the 
cylinders  already  described,  of  the  same  diameter,  in  the  piers  of  the  openings  154  ft.  span.  The 
upper  lengths  of  the  outer  cylinders  8  ft.  diameter,  and  of  the  inner  cylinders  6  ft.  diameter,  are 
not  divided  into  segments,  but  are  cast  in  pieces  complete  on  the  circumference,  and  5  ft.  long. 
These  pieces  are  fastened  together,  by  bolts  1|  in.  diameter  passing  through  flanges  cast  on  the 
top  and  bottom.  All  the  joints  throughout  these  cylinders  are  made  water-tight  by  iron  cement. 
The  cylinders  in  these  two  piers  have  been  sunk  in  place,  precisely  in  the  same  manner  as  the 
cylinders  of  the  openings  of  154  ft.  span,  and  to  depths  averaging  about  40  ft.  below  Trinity  high- 
water  mark.  When  in  place  and  when  all  the  material  had  been  excavated  from  the  inside,  they 
were  filled  with  Portland  cement  concrete  to  the  level  of  about  5  ft.  above  Trinity  high-water 
mark.  It  was  not  considered  necessary  to  fill  in  the  remaining  portion  of  these  cylinders. 

As  some  irregularities,  or  deviations  from  the  perpendicular,  occurred  in  sinking  some  of  the 
cylinders  in  the   row  next  the 
Middlesex  brick  pier,  a  horizontal 
casting,  extending  over  all  the 
cylinders  of  this  row,  was  bolted 
to  them  at  about  the  level  of  th 
ground,  Fig.  1538 ;  on  this  casting 
the  upper  parts  of  the  cylinders 
of  this  pier  are  fixed. 

On  account  of  the  great  width 
of  fan,  which  increases  from  49  ft. 
4  in.  from  centre  to  centre  of  the 
outside  girders  at  its  commence-  __ 

ment  at  the  Middlesex  brick  pier 

(this  being  the  width  between  the  ~ 
parallel  main  girders  spanning 
the  154-ft.  openings)  to  168  ft. 
from  centre  to  centre  of  the  out- 
side girders  at  the  abutment,  the 
system  pursued  in  the  other  open- 
ings, of  supporting  the  roadway 
on  cross-girders  suspended  from 
outside  main  girders,  was  clearly 
inadmissible.  It  was  also  unde-  CLAY 

sirable  to  introduce  intermediate  main  girders,  projecting  above  the  roadway.    The  roadway 
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of  the  openings  154  ft.  span.    The  faces  of  the  bridge  have,  therefore,  a  uniform  appearance 
throughout. 

The  interior  plate-girders,  where  they  bear  on  the  cylinders,  rest  on  a  bed -plate,  Figs.  1503 
to  1543,  extending  over  all  the  cylinders  of  each  row.  They  are  connected  together  by  cross- 
bracing  in  the  centre  of  each  span,  and  at  points  intermediate  between  the  centre  and  the  supports  ; 
and  where  they  rest  on  the  Middlesex  pier  and  abutment  are  built  into  the  brickwork.  The 
bottom  of  these  girders  is  at  a  lower  level  than  the  bottom  of  the  -outside  main  girders,  inasmuch 
as  it  was  impossible  to  obtain  sufficient  depth  without  resorting  to  this  arrangement.  As  it  is,  the 
depth  of  these  girders  is  only  5  ft.,  or  -^  of  the  span.  If  the  spans  in  the  fan  had  been  154  ft., 
the  interior  plate-girders  instead  of  being  -^  would  have  been  less  than  -^  of  the  span.  Hence  the 
advantage  of  introducing  the  smaller  spans  of  100  ft.  The  elevations  and  sections  of  the  interior 
plate-girders  are  shown  in  Figs.  1543,  1544.  They  are  of  the  ordinary  construction,  and  weigh 
about  26  tons  each. 
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The  outside  main  girders  do  not  make  exactly  the  same  angle  with  the  centre  line  produced 
of  the  parallel  portion  of  the  bridge.  The  shape  of  the  fan  is  therefore  not  accurately  that  of  an 
isosceles  triangle — the  distance  between  the  centre  line  of  the  fan  and  the  centre  line'  proilucvd  of 
the  parallel  portion  of  the  bridge,  being  7  ft.  9  in.  at  the  Middlesex  abutment,  Fig.  1503.  These 
outside  main  girders,  which  are  over  the  centre  of  the  outside  cylinders  of  the  piers,  are  raised 
above  the  interior  plate-girders  by  cylindrical  making-up  pieces  of  the  same  diameter  (8  ft.)  as  the 
upper  lengths  of  the  outside  cylinders,  Fig.  1538.  These  cylindrical  pieces  are  filled  with  brick- 
work in  cement,  resting  on  the  bed-plate,  the  top  being  covered  with  a  bed  of  an  inch  in  thickness 
of  Portland  cement,  raised  J  an  in.  above  the  top  of  the  cylinder,  and  forming  the  bearing  surface 
of  the  girders. 

The  triangular  spaces  between  the  outside  main  girders  and  the  outer  interior  plate-girders  are 
filled  in  with  cross-girders,  riveted  to  the  sides  of  the  latter  and  suspended  underneath  the  former, 
and  are  terminated  by  cantilevers  projecting  beyond  the  face-girders,  Figs.  1503,  1538.  These 
cantilevers  are  similar  to  those  outside  the  main  girders  of  the  154-ft.  openings,  and  like  them  are 
placed  about  11  ft.  apart  from  centre  to  centre,  thus  preserving  the  uniformity. 

The  girders  of  the  fan  rest  directly  on  their  supports,  no  rollers  being  interposed,  excepting 
underneath  the  outside  main  girders,  where  they  rest  on  the  Middlesex  brick  pier  and  abutment ;  but 
the  bearings  for  the  interior  plate-girders  on  the  cast-iron  bed-plate  over  the  cylinders  are  planed. 
The  ends  of  the  cylinders  on  which  the  bed-plate  rests  are  also  planed. 

Roadvcay  and  Footpath  Platforms, — The  roadway  platform  over  the  openings  154  ft.  span,  con- 
sists of  planking  4  in.  thick,  spiked  to  longitudinal  timbers,  15  in.  by  15  in.,  placed  underneath 
the  rails,  and  bolted  to  the  cross-girders.  The  roadway  platform  over  the  fan  end  consists  of 
planking  6  in.  thick,  secured  to  the  interior  plate-girders  and  to  longitudinal  timbers  spanning 
the  cross-girders  in  the  triangular  spaces.  By  abandoning  the  longitudinal  timbers  in  the  fan 
over  the  shallow  interior  plate-girders,  which  the  arrangement  permitted,  additional  depth  was 
obtained  for  these.  The  footpath  platform  on  each  side  consists  throughout  of  planking  G  in.  thick, 
secured  to  the  top  of  the  cantilevers.  The  roadway  platform  is  covered  with  tar  pavement  about 
2  in.  thick,  and  the  footpath  platforms  with  asphalte  1  in.  thick.  The  longitudinals  and  the  whole 
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of  the  planking  are  cregeoted,  and  the  latter  is  grooved  and  tunguod  with  iron,  and  caulked  with 
tar  andoakuiu.  The  mils  over  the  bridge  are  Hat-bottomed,  and  of  the  ordinary  section.  On 
the  ouUide  of  the  footpath  uu  ornamental  railing,  of  cast-iron,  is  fixed,  Figs.  1545  to  1518.  A 


<4 


' 


railing  of  a  pattern  generally  similar  is  fixed  to  the  main  girders  on  the  inside  of  the  footpaths, 
to  prevent  the  railway  being  trespassed  upon. 

On  the  Charing  Cross  railroad  there  are  several  small  iron  bridges,  many  similar  to  Broadwall 
Bridge,  Figs.  1549  to  1553.  This  bridge  consists  of  six  inner  working  girders  and  two  face-girders 
with  a  light  parapet 

riveted    to    the    upper    |  1649. 

flange.  It  has  a  span  of 
41  ft.,  and  the  depth  of 
the  girders  is  2  ft.  6  in.  ; 
top  flange,  16  in.  wide 
by  f  in.  thick,  riveted  to 
web  by  two  angle-irons, 
4  in.  x  4  in.  x  J  in.,  and 
pierced  with  holes  for 
»  riv./ts  every  3  in.  on 
each  side  ;  bottom  flange, 
15  in.  wide  by  f  in.  thick, 
riveted  to  web  by  two 
angle-irons  4  in.  x  4  in.  x 
|  in.  ;  web,  $  in.  thick  in 
seven  sections,  connect- 
ed at  vertical  joints  by 
two  T-ir°n3i  5  x  2£  x 


At  each  end  of  girder  there  ia 
a  bearing-plate.  For  face-girder, 
top  flange,  9  in.  wide  by  J  in. 
thick,  not  centred  with  web,  to 
which  it  ia  connected  by  two  angle- 
irons  3  x  3  x  J. 

The  girders  in  this  bridge  are  L«,CK  J,, 
braced  by  a  system  of  diagonal    \_,_J 
bars,  3  in.  x  *  in.,  connected  to 
girders  by  means  of  short  pieces 
of  T^i*011?   riveted    to    top    and 
bottom  of  webs  about  6  ft.  8  in. 
apart. 

In  addition  to  the  ordinary 
angle-iron  cover,  a  strip  is  riveted 
to  the  opposite  side  of  the  girder. 

The  weight  of  the  six  working 
girders  is  26J  tons  ;  of  the  two 
man  (ylliVni,  4J  tons  ;  and  of  the 
whole  bridge,  43  tons. 

Wellington  Street  Bridge—  This, 
on  the  same  line,  is  the  largest 
single-web  girder  bridge  on  the  line,  the  length  of  the  girders  being  134  ft.,  and  the  span  on  skew 
The  girders  are  12  ft.  deep  at  centre,  and  9  ft.  8  in.  at  the  ends. 

The  flanges  are  2  ft.  6  in.  wide,  riveted  with  six  rows  of  1-in.  rivets.   The  top  flange  is  built  up  of 
la 
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plates  at  centre,  reduced  to  three  at  ends.    In  addition  to  the  two  angle-irons  which  connect 
i  *^«   ,  P-g-6  te™  C  v'         e  nre  two  others  of  the  8ame  Bize»  5  *  5  x  if,  riveted  to  each  edge,  Figs. 
Ihe  bottom  flange  ia  built  up  of  one  ii  and  four  |  plates,  reduced  at  ends  to  one 


,   -- 
15oo. 


BRIDGE. 


757 


1554. 


ii  and  two  |  plates.     On  each  side  of  the  upper  side  of  this  flange  a  bar,  9  in.  x  ||,  is  riveted. 
This  is  shown  in  Figs.  1554  to  1558.    Fig.  1558  shows  the  way  the  plates  break  joint. 

The  web-plates,  with  the  exception  of  the  end  ones, 
are  2  ft.  2  in.  wide,  the  end  ones  being  2  ft.  wide,  as 
shown  in  Fig.  1558,  £  thick  for  a  length  of  nine  plates 
at  either  end,  and  ^  for  the  remaining  distance. 

Kef  erring  to  Figs.  1556  to  1558,  it  will  be  seen  that  a 
£  plate  is  riveted  to  the  ends  of  the- girders  by  means  of 
angle-iron  gussets,  3  in.  x  3  in.  x  -J  in. ;  also,  that  at  the 
two  end  web-joints  i  j/wssei-plates  are  riveted,  with  simi- 
lar angle-iron.  After  the  bridge  was  erected,  it  was 
found  necessary  to  stiffen  the  ends  of  the  girders  by 


1557 


attaching  reverse  angle-iron,  3  X  3  x  £,  to  the  end  and  gusset  plates.  The  intermediate  vertical 
joints  of  web  are  connected  by  two  "p-i*011  gussets,  6  x  3  x  f,  and  two  strips,  6  x  f  alternately. 
These  strips,  as  shown  in  Fig.  1551,  are  cranked  to  set  over  the  longitudinal  angle-iron. 

One  end  of  each  girder  was  provided  with  a  bearing-plate,  5  ft.  X  4  ft.  x  | ;  the  other  end  had 
attached  to  it  a  cast-iron  plate,  2  in.  thick,  to  bear  on  eight  rollers,  4£  in.  diameter.  The  roller- 
beds  are  also  of  cast  iron,  2  in.  thick,  and  further  strengthened  by  having  three  ribs,  3  in.  deep,  cast 
on  ;  the  roller-frames  are  of  wrought  iron,  3  in.  x 

A  longitudinal  section  of  this  roller  arrangement  is  shown  in  Fig.  1558,  and  a  transverse  section 
in  Fig.  1557. 

In  Fig.  1558  the  lengths  of  top  and  bottom  angle  covers  are  shown  by  the  number  of  rivets  in 
each.  The  first  have  seven  and  eight  holes  in  each  arm  respectively,  and  the  second  nine  and 
ten ;  so  that,  since  the  rivets  are  4-in.  pitch,  the  lengths  are  2  ft.  8  in.  and  3  ft.  4  in. 

The  ordinary  lengths  of 

Angle-bars       13ft.  I    Joints  to  flat  bars     3  ft.  4  in. 

Flat  bars,  9  x -ft 17ft.  4  in.  |    Laminated  plates     6  ft.  8  in. 

The  dimensions  A  A,  Fig.  1558,  are  16  in.  each,  so  that  they  contain  four  rivets  in  the  direction  of 
length  of  girder  each.  Considering  one  plate  only,  since  there  are  six  rows  of  rivets,  we  have  an 
aggregate  of  twenty-four  1-in.  rivets,  or  a  sectional  area  of  18 '84  sq.  in.  against  14 '76  sq.  in.,  the 
sectional  area  of  a  bottom  plate  through  a  line  of  rivet-holes ;  or  an  excess  in  area  of  rivets  of  4  •  08 
Bq.  in. 

The  cross-girders  are  41  ft.  6  in.  long,  which  makes  the  distance,  centre  to  centre,  of  main  girders 
39ft.  Tin  distance,  centre  to  centre,  of  the  cross-girders  themselves,  is  4ft.  They  have  a  central  and 
end  depih  of  2  ft.  and  1  ft.  4  in.;  the  flanges  are  15  in.  x  J,  connected  to  a  J  web  by  4  x  4  x  * 
angle-iron.  The  top  flange  has  also  riveted  to  it  an  extra  plate,  19  x  J,  for  attaching  roadway 
plate.  Fig.  1555  is  a  section  of  one  of  the  girders,  showing  a  road-plate  attached  at  B.  The 
length  of  the  girder  is  divided  into  eight  panels  by  vertical  "|" -irons  n*  joints,  5  X  2J  x  |. 

At  each  end  of  the  bridge  there  are  also  shorter  cross-girders;  but  they  are  the  same  as  a 
41  ft.  6  in.  girder,  with  a  piece  cut  off  one  end.  The  ends  of  the  cross-girders  are  riveted  to  the 
mains  with  twenty-four  rivets,  1  in.  diameter. 

TO  the  ends  of  the  cross-girder,  a  cast-iron  cornice,  C,  Fig.  1554,  is  bolted. 

The  rivets  through  longitudinal  angle-iron  and  webs  arc  1  in.  diameter,  and  through  vertical 
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T-iroot.  rtrip«,  *nd  weba,  only  f  in.  diameter.    The  weight  of  each  main  girder  is  65  tons :  of  all 
thn  ffirdera.  80  tons :  and  of  the  win  >!«•  bridge,  248  tons. 

S2SSrtt»5^*/i*"-»  *««',  *"ig»-  155<J  to  1561.-0ne  of  the  abutments  of  this  bridge  is  at 
right  angle*  to  line,  and  the  other  only  slightly  out  of  square. 


1560. 


1661. 


1559. 
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The  main  box-girders,  which  are  110  ft.  long,  have  a  central  and  end  depth  of  10  ft.  6  in.  and 
8  ft.  10  in. :  both  flanges  are  2  ft.  6  in.  wide ;  the  top  is  built  up  of  five  -fa  plates  at  centre,  reduced 
to  four  at  ends ;  the  bottom  is  built  up  of  one  f  and  four  JL  plates  at  centre,  reduced  to  one  f-  and 
three  -fg  at  ends.  Each  flange  is  connected  to  the  webs  by  four  angle-irons  6  x  6  x  ^ :  eight  in 
the  whole  section. 

The  two  end  web-plates  at  either  end  of  each  line  are  2  ft.  wide,  and  the  intermediate  ones 
are  3  ft. 

The  girders  are  braced  internally  at  seven  points  by  a  system  of  lattice-bars,  shown  in  Fig.  1559 ; 
the  bars  are  2  X  f,  and  are  riveted  to  T-irons,  which,  in  this  case,  are  substituted  for  the  internal 
strips. 

The  cross-girders,  twenty-four  in  number,  have  flanges  15  in.  wide  x  £  thick,  riveted  to  a 
J  web  by  4  x  4  X  J  angle-iron :  they  are  2  ft.  deep,  and  each  end  is  riveted  to  the  main  girder 
with  twenty  1-in.  rivets ;  the  web  is  divided  by  vertical  "|"-irons  into  eight  panels. 

The  weight  of  both  main  girders  is  lOGi  tons ;  of  all  the  cross-girders,  71  tons  12  cwt. ;  and  of 
the  whole  bridge,  214  tons  17  cwt. 

The  roadway  is  on  the  second  system,  Fig.  1559. 

The  constructive  arrangement  of  the  bridge,  exhibited  in  Figs.  1562  to  1569,  introduced  by 
Albert  Fink,  is  a  modification  of  the  principles  employed  by  Bollman.  In  this  bridge  a  pair  of 
diagonal  tension-bars  connect  the  foot  of  the  principal  strut,  or  king  post,  in  each  truss,  with  the 
ends  of  the  top  chord.  This  pair  of  diagonal  bars  support  one  half  of  the  whole  weight  of  the  truss 
and  its  load.  Each  half-span  is  subdivided  by  a  strut,  and  two  diagonal  tension-bars  extend,  one 
to  the  nearest  end  of  the  top  chord,  and  .the  other  to  the  top  of  the  centre  post.  Each  quarter- 
span  is  again  subdivided  into  eighths,  and  these  again,  for  spans  greater  than  100  ft.,  into  six- 
teenths. In  a  truss  of  this  kind,  of  sixteen  panels,  the  weight  at  the  bottom  of  the  strut  nearest 
to  either  of  the  piers  is  distributed  thus : — Calling  the  weight  one,  one  half  is  transferred  directly 
through  a  tension-rod  to  the  nearest  end  of  the  top  chord,  and  to  the  pier.  The  other  half  is 
carried  up  to  the  top  of  the  second  strut  from  the  pier,  and  is  received  at  the  bottom  of  that  strut 
by  a  pair  of  tension-rods,  which  divide  this  half  between  them,  one  fourth  being  taken  directly  to 
the  nearest  pier,  while  the  other  fourth  is  transferred  to  the  top  of  the  strut  at  the  quarter-span. 
This  fourth  is  again  divided  at  the  foot  of  this  strut,  one  eighth  being  transmitted  through  a 
tension-rod  to  the  nearest  pier,  while  the  other  eighth  passes  to  the  top  of  the  middle  strut  of  the 
span,  and  is  received  at  the  foot  of  this  strut  by  the  main  tension-rods,  each  of  which  transmits 
one-sixteenth  of  the  original  load  to  each  pier.  Thus  the  weight  at  the  foot  of  the  first  strut  from 
the  end  of  the  truss  is  distributed  thus : — One-half,  one-fourth,  one-eighth,  and  one-sixteenth,  or, 
in  all,  fifteen-sixteenths  of  that  weight  reach  the  top  of  the  nearest  pier,  through  four  converging 
sets  of  tension-rods,  while  the  remaining  sixteenth  reaches  the  opposite  pier,  after  being  brought 
to  the  foot  of  the  centre  strut,  through  the  intervention  of  three  separate  systems  of  tension-bars. 
With  the  exception  of  the  load  at  the  foot  of  the  centre  strut,  which  load  is  transmitted  directly  to 
the  piers,  the  loads  at  the  bottoms  of  the  vertical  struts  are  more  or  less  subdivided  before  reaching 
the  ends  of  the  truss.  In  1852,  A.  Fink  erected  a  bridge  of  three  spans,  of  205  ft.  each,  across 
the  Monongahela  River,  Figs.  1562  to  1569.  The  trusses  for  a  single  Hue  are  16  ft.  apart  from 
centre  to  centre,  and  the  main  tension-chords  are  attached  to  the  foot  of  the  centre  strut,  22  ft.  8  in. 
below  the  centre  of  the  top  chord,  thus  giving  a  depth  of  truss  equal  to  O'll  of  the  span.  The 
top  chords  and  the  centre  struts  are  of  cast-iron  pipes,  octagonal  in  their  external  form,  12  in. 
diameter  between  their  parallel  surfaces,  and  10  in.  in  internal  diameter,  thus  giving  41  sq.  in.  of 
section.  The  main  tension-rods  in  each  truss  are  each  formed  of  six  bars,  4J  in.  by  1J  in.,  giving 
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a  Motion  of  33}  sq.  In.    The  vertical  strata,  with  the  exception  ot  the  centre  strut,  are  cast-iron 
octagonal  pipes,  8  in.  in  external  and  7  in.  in  internal  diameter. 

Clifton  S**p«nnon  Bridge. — Excerpt  Paper  by  William  Henry  Barlow,  in  '  Trans.  Inst.  C.E.,' 
1867.  In  the  Clifton  Bridge  as  executed,  Fig.  1570,  there  ore  three  chains  on  each  side,  supporting 
longitudinal  btiftvning  girders  of  wrought-iron,  with  open-work  cross  girders,  the  hand-railing  of  the 
briqge  being  made  olao  to  form  longitudinal  stiffening  girders  with  open-work  sides. 


ft 


.  702  ft-  3  in-  :  dirtanoe  from  centre  to  centre 
roadway  and  footways,  31  ft.  ;  versed  sine  of 
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The  chains  are  carried  upon  the  piers  by  wrought-iron  saddles,  placed  on  roller-frames  of  cast- 
iron,  the  rollers  being  made  of  cast-steel  The  beds  of  the  roller-frames  are  at  an  inclination  of  1  in 
20,  rising  towards  the  risers.  At  a  distance  of  196  ft.  from  the  centres  of  the  piers,  land-saddles 
are  placed,  which  are  similar  in  construction  to  the  saddles  upon  the  piers,  except  that  they  have  no 
roller-frames,  but  are  bedded  upon  brickwork  in  cement  set  upon  the  solid  rock.  From  the  land- 
saddle  to  the  anchorage  is  a  distance  of  60  ft.,  with  an  average  inclination  of  45°.  In  this  distance 
the  three  chains  gradually  diverge,  until  they  become  5  ft.  apart,  where  they  are  inserted  through 
the  castings  which  form  the  anchorage-plates.  Each  chain  has  a  separate  anchorage-plate,  5  ft.  by 
6  ft,,  bedded  upon  a  mass  of  brickwork  set  in  cement,  built  in  plan  in  the  form  of  an  arch,  abutting 
upon  the  solid  rock. 

The  length  of  the  links  in  the  centre  of  the  bridge,  where  they  are  horizontal,  is  24  ft.,  increasing 
in  length  as  their  angles  of  inclination  increase.  The  three  chains  are  in  such  a  relative  position  to 
each  other  as  to  produce  an  equal  horizontal  distance  of  nearly  8  ft.  from  the  centre  of  the  suspen- 
sion-rods throughout  the  bridge. 

The  links  in  the  Hungerford  Bridge,  Fig.  1572,  were  utilised  in  the  erection  of  the  Clifton  Bridge, 
and  were  arranged  so  that  the  joints  of  the  links  in  the  upper  chain  were  placed  opposite  to  the 
middle  of  the  links  of  the  under  chains ;  the  suspension-rods  were  carried  by  a  jointed  link,  in  such 
manner  that  half  the  weight  was  borne  at  the  point  of  the  one  chain,  and  the  other  half  by  the 
middle  of  the  links  of  the  other  chain.  In  this  mode  of  hanging  the  suspension-rods,  a  transverse 
strain  of  considerable  amount  was  brought  upon  the  middles  of  the  links  of  the  chains. 

In  the  Clifton  Bridge  this  has  been  avoided.  The  suspension-rods  transmit  their  strain  to  the 
chains  only  at  the  joints.  The  result  is,  that  the  links  of  the  chain  have  no  other  strain  upon  them 
than  that  of  the  direct  tensile  strain  in  the  direction  of  then-  length.  The  duty  of  maintaining  an 
equal  action  upon  all  three  chains  in  supporting  the  roadway  is  performed  by  the  strength  and  stiff- 
ness of  the  longitudinal  girders.  The  suspension-rods  are  attached  to  the  longitudinal  girders  in 
the  manner  shown  by  the  diagram,  Fig.  1570,  each  road  being  furnished  with  a  double-adjusting 
screw  at  the  lower  extremity. 

All  the  links  of  the  Hungerford  Bridge  were  tested  to  a  strain  of  10  tons  a  sq.  in.  before 
being  erected  in  that  bridge,  and  all  the  new  links  required  to  complete  the  third  chain  at  Clifton 
have  also  been  tested  with  a  strain  of  10  tons  an  in.  The  diameter  of  the  bolts  which  connect 
the  links  together  is  4f  in. 

The  roadway  is  formed  of  a  deck  of  5-in.  creosoted  Memel  planking,  Fig.  1571,  grooved  and 
tongued  with  iron.  Upon  this  is  placed  a  second  coating  of  planking  transversely,  which  forms 
the  wearing  surface,  and  may  be  changed  or  varied  in  construction  as  the  exigencies  of  the  traffic 
may  require.  The  footways  are  formed  of  2|-in.  planking,  laid  upon  longitudinal  bearers. 

The  general  arrangements  made  for  the  erection  of  the  chain  were  as  follows  : — 

A  temporary  suspended  staging  was  constructed  of  eight  iron  wire  ropes,  each  rope  being  capable 
of  bearing  35  tons,  Fig.  1572.  Six  ropes  were  placed  beneath  the  planking,  and  two  at  a  height  of 
3  ft.  6  in.  above,  the  latter  serving  to  form  a  hand-railing  on  each  side.  The  upper  ropes  were 
attached  to  those  below  by  hoop  iron  doubled  over,  and  riveted,  of  sufficient  strength  to  cause  the 
upper  ropes  to  act  in  conjunction  with  the  ropes  beneath  the  planking  in  sustaining  any  weight 
placed  upon  the  staging.  Above  this  staging  another  rope  was  fixed,  for  the  purpose  of  carrying 
two  light  travelling  frames  suspended  on  wheels,  which  were  moved  as  required  by  light  ropes,  and 
by  means  of  which  links  were  taken  from  the  piers  to  the  men  engaged  in  erecting  the  chain. 

The  chains  were  commenced  at  the  anchorage-plates  at  each  end  simultaneously,  the  lowest 
chain  being  put  in  first.  At  the  anchorage-plates  the  whole  of  the  links,  twelve  in  number,  were 
inserted ;  then  eleven,  ten,  nine,  eight,  and  so  on  until  the  chain  was  diminished  to  one  link ;  after 
which  it  was  continued  at  one  link  and  two  links  alternately  from  the  piers,  until  it  met  in  the 
middle  of  the  centre  opening. 

The  wire-rope  staging  was  designed  to  carry  the  weight  of  the  centre  portions  of  the  chain,  formed 
of  one  and  two  links  alternately,  with  the  men  and  tools  required  to  erect  it.  The  calculated 
breaking-weight  of  this  staging  was  224  tons,  evenly  distributed. 

The  weight  it  had  to  carry  was  40  tons : — 

Tons. 

Chain  formed  of  one  and  two  links  alternately          12 

Workmen  and  tools  (say)        5 

Planking   ..      ••      10 

Wire  ropes        

Bolts,  nuts,  and  sundries,  including  packing  for  links     5 

or  less  than  ]th  of  the  breaking-weight. 

The  suspended  platform  was  kept  below  the  intended  level  of  the  chain,  and  the  links  were 
supported  upon  it  by  packing  pieces,  which  could  be  raised  or  lowered.  When  the  links  of  the 
chain  were  united  in  the  middle,  the  packing  pieces  upon  the  staging  were  lowered  until  the  chain 
took  its  own  bearing,  and  thus  relieved  the  staging  from  the  action  of  its  weight.  At  this  stage  of 
the  proceedings  the  chain  was  adjusted  for  length  by  means  of  keys  arranged  for  that  purpose  in  the 
first  links  from  the  pier-saddles. 

The  next  operation  was  that  of  adding  links  on  each  side  of  the  centre  links,  which  was  rapidly 
accomplished  by  an  ingenious  and  simple  apparatus.  The  rapidity  with  which  the  side  links  were 
added  depended  much  upon  the  state  of  the  weather ;  but  there  were  some  days  on  which  more 
than  one  hundred  links  were  added  to  the  chain. 

In  connection  with  the  temporary  staging,  there  were  many  other  pieces  of  apparatus  or  con- 
trivances  for  winding,  tightening,  and  fastening,  which  were  excellently  carried  out. 

The  chains  on  the  Bristol  or  eastern  side  of  the  bridge  having  been  completed,  the  staging  was 
shifted  over  to  the  other  side,  and  the  remaining  three  chains  were  put  up  in  like  manner. 

When  the  chains  were  complete,  and  the  suspension-links  for  carrying  the  suspension-rods  were 


762  BRIDGE 

fixed,  the  next  operation  was  that  01  attaching  the  suspension-rods  and  cross-girders.  This  was 
accomplished  by  an  apparatus  made  for  the  purpose,  consisting  of  a  movable  crane,  upon  a  long 
base  frame,  weighing  rather  over  5  tons,  and  travelling  upon  a  temporary  railway.  It  was  so  con- 
trived and  balanced  that  it  could  carry  the  weight  of  a  cross-girder,  with  a  portion  of  the  longi- 
tudinal giidi  ra  attiehed,  nt  a  considerable  distance  in  advance  of  the  wheels  upon  which  it 
travelled.  Thus,  when  nlaced  ii[X)n  the  abutment,  it  held  the  first  cross-girder  in  its  intended  posi- 
tion until  the  men  attached  the  first  pair  of  suspension-rods  to  it  and  to  the  chain.  Planking  was 
th.u  laid  from  the  abutment  to  the  cross-girder,  and  the  railway  was  lengthened.  The  travelling- 
crane  then  took  up  the  second  cross-girder,  and  advanced  with  that  to  its  position,  and  held  it  in  like 
manner  until  it  was  attached  to  the  chain.  The  planking  and  roadway  were  again  lengthened,  and 
the  third  cross-girder  fixed,  and  BO  on  from  both  ends  of  the  bridge,  until  the  roadway  met  in  the 
middle.  , 

The  remaining  operations  of  connecting  the  longitudinal  girders,  adjusting  the  several  parts  of 
the  work,  and  laying  the  roadway,  werje  then  proceeded  with. 

Tho  manner  in  which  the  weights  were  of  necessity  brought  upon  the  chain,  commencing  as  they 
did  from  the  abutments  and  proceeding  towards  the  centre  of  the  opening,  caused  the  curve  of  the 
chain  to  vary  in  figure  very  much  during  the  construction ;  but  the  ultimate  curve,  which  resulted 
when  the  roadway  was  completed,  accords  with  remarkable  accuracy  to  the  calculated  curve,  and  the 
calculated  lengths  of  the  several  suspension-rods. 

The  sectional  ana  of  the  chains  at  the  piers  is  481  sq.  in.,  and  in  the  centre  of  the  span 
440  sq.  in.  The  weight  of  the  chains  between  the  piers  is  554  tons.  The  strain  produced 
at  the  centre  of  the  chains  by  the  weight  of  the  chains  themselves  is  nearly  680  tons.  The  weight 
of  the  suspension-rods,  longitudinal  girders,  transverse  girders,  cross-bracing,  hand-railing,  roadway, 
and  so  on,  is  about  440  tons.  This  weight  is  not  spread  over  the  whole  of  the  702  ft.  span,  but 
occurs  between  the  abutments  which  project  in  front  of  the  piers,  leaving  a  space  between  them  of 
636  ft.  The  distance  of  the  centre  of  gravity  of  the  half  span  of  the  platform  from  the  centre  ef  the 
pier  is  190  ft.  nearly.  The  strain  produced  by  the  weight  of  the  platform  at  the  centre  of  the  chains 
is  597  tons  approximately.  The  maximum  moving  load,  estimated  at  70  Ibs.  a  sq.  ft.,  or  600 
tons  upon  the  platform  of  the  bridge,  would  produce  a  strain  of  817  tons  at  the  centre  of  the 
chain. 

The  total  strain  at  the  centre  would  therefore  be  as  follows : — 

Tons. 

Strain  due  to  the  chains        680 

„        to  the  weight  of  the  platform  rods,  &c 597 

„        to  the  load  of  70  Ibs  a  square  ft.  upon  the  platform     817 

Total      2094 

To  carry  this  strain  there  are  440  sq.  in.  of  metal,  so  that  the  maximum  strain  upon  the  iron 
is  ^j*j4  =  4-76  tons  a  sq.  in. ;  of  which  the  strain  produced  by  the  bridge  itself  is  2'90  tons  a 
sq.  in. 

It  is  to  be  observed  that  the  piers,  although  the  same  height  above  the  abutments,  are  not  level 
with  each  other.  The  pier  on  the  Leigh  Wood  side  is  3  ft.  lower  than  that  on  the  Clifton  side,  and 
the  whole  bridge  has  an  average  inclination  of  1  in  233.  This  inclination  was  given  to  the  struc- 
ture by  Brunei  to  obviate  what  he  thought  would  have  been  an  ocular  deception,  had  the  bridge 
been  horizontal,  arising  from  the  difference  in  the  height  and  form  of  the  rocks  on  the  two  sides  of 
the  river.  This  peculiar  arrangement  makes  a  difference  in  the  strains  upon  the  chains  in  the  two 
halves  of  the  bridge,  and  in  the  form  of  the  curve  of  the  chain,  which  had  to  be  calculated  and  pro- 
vided for  in  the  lengths  of  the  suspension-rods.  The  calculations  for  the  form  of  the  curve,  and  the 
lengths  of  the  respective  parts,  were  made  by  Alfred  Langley ;  and  it  is  satisfactory  to  add  that 
there  was  not  a  single  rod  or  part  of  the  bridge  which  had  to  be  altered  in  execution. 

The  suspension-rods  are  each  rather  more  than  2  in.  in  section.  The  greatest  weight  that  can 
come  upon  a  pair  of  rods,  including  their  maximum  load,  is  about  13  tons,  which  would  produce  a 
strain  of  4  J  tons  a  sq.  in. 

The  brickwork  employed  in  the  anchorage  and  land-saddles  is  of  Staffordshire  blue  bricks,  laid 
in  Portland  cement,  and  the  anchorage-plates  and  the  bearing-plates  of  the  saddles  are  so  arranged 
that  the  maximum  pressure  upon  the  brickwork  cannot  in  any  case  exceed  10  tons  a  sq.  ft. 

The  bridge  is  stiffened  longitudinally  by  two  plate-girders,  3  ft.  deep,  placed  on  each  side  of  the 
roadway,  the  upper  and  lower  flanges  of  these  girders  being  11  in.  in  sectional  area.  The  hand- 
railing,  which  is  in  effect  a  lattice-girder,  4  ft.  9  in.  deep,  with  upper  and  lower  flanges  of  4§  in. 
sectional  area,  also  adds  to  the  stiffness  of  the  bridge.  Both  these  girders  act  in  giving  stiffness 
against  a  horizontal  transverse  strain,  and  are  assisted  in  that  action  by  a  system  of  diagonal  bracing 
throughout  the  bridge,  formed  of  bars  4  in.  by  \  an  in.  in  section  placed  beneath  the  roadway. 

In  order  to  provide  for  the  effects  of  expansion  and  contraction,  and  to  allow  for  the  movement 
occasioned  by  wind  and  by  the  passage  of  heavy  loads  across  the  bridge,  the  two  extremities  of  the 
roadway  are  furnished  with  jointed  ends  or  flaps,  8  ft.  long,  which  give  perfect  freedom  of  motion 
both  vertically  and  in  the  direction  of  the  length  of  the  bridge. 

Previous  to  opening  the  bridge  for  public  traffic,  it  was  tested  by  a  dead-weight  of  500  tons  of 
Jibuted  over  the  surface.    The  total  deflection  produced  by  the  test-load  was  7  in.  in  the 
f  the  bridge,  which  deflection  resulted  not  only  from  the  elongation  of  the  metal  due  to  the 
rtress,  but  also  from  the  altered  position  of  the  saddles  upon  the  piers,  arising  from  the  diminished 
curvature  of  the  land  chains.     When  the  test-weight  was  removed,  the  centre  of  the  bridge  rose 
again  to  its  former  position  within  4-th  of  an  in.,  but  the  middle  of  the  southern  half  of  the  bridge 
id  not  rise  again  to  its  former  height  by  1  in.,  while  the  northern  side  rose  above  its  original  posi- 
tion.   This  circumstance  was  probably  due  to  the  change  in  the  direction  and  force  of  the  wind 
before  and  after  the  testing. 
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The  following  is  a  tabular  statement  of  the  results  of  the  testing  above  referred  to  ; 
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Since  the  completion  of  the  bridge  it  has  had  to  sustain  largo  and  irregular-moving  loads.  Being 
a  work  of  great  local  interest,  it  has  on  several  occasions  been  crowded  with  people.  It  is  evident, 
however,  that  the  most  severe  strain  which  it  will  have  to  resist  is  that  resulting  from  heavy  gales 
of  wind.  South-westerly  gales  blow  nearly  in  the  direction  of  the  length  of  the  bridge,  and  the  nigh 
ground  on  either  side  diminishes  their  effect  upon  the  structure.  But  gales  from  tie  north-wt'st 
or  south-cnst,  being  nearly  in  the  direction  of  tiie  deep  gorge  of  the  liiver  Avon  at  the  place  where 
the  bridge  is  constructed,  impinge  upon  the  work  with  great  violence,  so  much  so  that  it  is  difficult 
at  times  to  sfcmd  upon  the  roadway.  On  these  occasions  three  effects  are  observed  : 

First,  there  is  a  small  horizontal  deflection,  which  is  just  sufficient  to  bo  perceptible  to  the  eye 
when  placed  in  range  with  the  suspension-rods.  Secondly,  there  is  an  undulation  from  end  to  end 
of  the  bridge.  It  is  a  slow  and  steady  movement  of  the  structure,  which  manifests  itself  by  a  rising 


TABLE  of  ETPERIMISTS  on  CAST-IBON  BEAMS,  showing  the  Weight  on  the  CENTRE  SPAN  at  the 

TIME  of  FUACTI  ui.. 


Coodltloa 
of 
Losing- 

N..  i. 

Uniform    Ouotinu- 
ou*  IVttiu,  1  Inch 
•qwuv,   15    f«*l 
lane,    ropported 
at  UM  ewto,  end 
oo   ptew  t  r-i-t 
•  Inch.  •  oo  Mch 
•We  the  centre. 

No.  3. 
A    simiUr    Beam. 
Increased     three 
times    in   width 
over    the   piers, 
the    weight    of 
Beam  being   in- 
creased   60    per 
cent 

No.  3. 
A  similar  IV-.ini  In- 
crcasod  to  double 
the    depth    over 
the     piers,    the 
weight  of  Beam 
belug    increased 
25  percent 

Detached  Beam,  1  inch  square,  loaded 
uniformly. 
Length  of  bearing  IS  1'cet,  equal  to  centre 
span  of  Beams,  Nos.  I,  2,  3. 

I,.il,  .1    .'iily 
on       centre 
Bi*n,       the 
end*    being 
fastened 
down. 

I    1,0-032 
„    2   1,254-4 
„    3   1,186-4 
„    4    1,054-2 

Exp.        Ibs. 
No.  1    1,567-2 

„  2  1,656-0 
„  3  1,567-2 
,,4  .. 

Kxp.          Ibs. 
No.l    1,569-6 

„    2   1,836  0 
„    3   1,636  2 
„    4   1,658-4 

Experiment  No.  1      .     . 

-.  i  •  • 

.,3      .      . 

>»                            »        ' 

Mean       .... 

Ibs. 
(',96-0 
717-6 
662-1 
494-4 

642-52 

Mean  1,131-75 

Mean  1,596-8 

Mean  1,675-05 

Summary  showing  the  Breaking  Weights 
as  compared  with  a  detached  Beam. 

Tho   load    a 
fo  .t          on 
centre    span 
being   twice 
that  on  side 
spans. 

Exp.         Ibs. 
No.l    1,411-4 

„    2   1,637-6 
„    3   1,433-6 
„    *   1,411-4 

Mean  1,473-5 

Exp.  Ibs. 

No.  1  1,882-4 
„  2  2,107-2 
„  3  1,726-4 
„  4  1,049  0 

Exp.         Ibs. 
No.  I   2,062-4 

„    2  2,712-8 
„    3  2,916-8 
„    4   2,420-0 

Condition  of  Loading. 

No. 
of 
Beam. 

Mean  rel»- 
tiv»  Strength 

.Ir.ll-ll     F.   ,1,1 

if  Be»m,  thai 
lof    IH-twhMl 

iV.ini      1.  in  • 
1. 

Loaded    only    on 
centre   span,   the 
end  being  fastened 
down  .... 

I 
2 
3 

1-7614 
2-4853 
2-6070 

Mean  1,916  2o 

Mean  2,528'0 

Beam   loaded 
uniformly 
over     its 
whole 
length. 

Exp.         Ibs. 
No.  1    1,413-4 

„    2    1,300-8 
„    3   1,233-6 
„    4   1,277-6 

Exp.         Ibs. 
No.l   2,465-6 

„  2  2,284-8 
„  3  1,972-8 
,.  4  2,356-0 

Exp.         Ibs. 
No.  1   2,556-8 

„    2  3,212-4 
„    3  2,510-4 
„    4  3,094-4 

The  load  a  foot  on 
centre  span  being 
twice  that  on  side 
spans  .... 

I* 
I3 

2-1967 
2-9824 
3-9346 

Beam  loaded  uni- 
formly   over    its 
whole  length 

M 

1   3 

2-0328 
3-5327 
4-4256 

Mean  1,306-35   Mean  2,209-8 

Mean  2,843-5 

TABLE  showing  the  DEFLECTIONS  wilh  100  Ibs.  uniformly  Distributed  over  CENTRE  SPAN. 


Condition 
of 
Loading. 

No.  T. 
Uniform   Continu- 
ous Beam. 

No.  2. 
Continuous    Beam, 
Increased     three 
times    in    width 
over   the    Piers 
the    weight    of 
Beam    being  in- 
creased   50    per 
cent. 

No.  3. 
Continuous    Beam 
increased          to 
double  the  depth 
over   the    Piers, 
the     weight     of 
Beam  being  in- 
creased    25    per 
cent 

Detached  Beam  loaded  uniformly. 
Length  of  bearing  equal  to  centre  span 
of  Beams,  Nos.  1,  2,  3. 

Loaded    only 
on       centre, 
span,        the 
ends     being 
fastened 
down. 

Exp.           Inch. 
No.l   .    -1703 

„   2  .      1572 
„   3  .    -1501 
„   4  .    -1669 

Exp.           Inch. 
No.  1    .     '  1308 

„    2   .     -1274 
„   3   .     '1381 

Exp.           inch. 
No.  1  .    -1114 

„    2   .     -1090 
„   3  .    -1066 
„    4  .    -1187 

Experiment  No.  1  .     .     . 
,,   2  .     .     . 
„            „   3  .     .     . 
»            ft  *••••• 

Mean      .  •  .  •  . 

inch. 
•3555 
•3296 
•3640 
•3505 

•3499 

Mean  .    -1611 

Mean  .    -1321 

Mean  .    -1114 

Summary  showing  the  Deflection  as  com- 
pared with  a  detached  Beam. 

The    load    a 
foot          on 
centre    span 
King   twice 
that  on  side 
spans. 

Exp.           inch. 
No.l   .    -1428 

.,   2  .    -1317 
„   3  .    -1317 
„  4  .    -1246 

Exp.            Inch. 
No.  1   .    -0979 

„   2  .    -0935 
„    3  .    -0916 
„   4  .    -0955 

Exp.           inch. 
No.  1   .     '0795 

„    2   .    -0788 
„   3  .     -0723 
„   4  .      0723 

Condition  of  Loading. 

No. 
of 
Beam. 

Mcanrela- 
tiv-  I  »•!!..- 
tiims,  that  of 
detached 
Beam  being 
100. 

Loaded     only    on 
centre   span,  the 
ends    being    fas- 
tened down    . 

3 

46  '04 
37-75 
31-83 

Mean  .    -1327 

Mean  .    -0946 

Mean  .    -0757 

Beam  loaded 
uniformly 
over  its 
whole 
length. 

Kxp.          inch. 
No.  1  .    -0843 

„  2  .    -0823 
„   3  .    -0799 
„   4   -    -0799 

Exp.           inch. 
No.  1   .    '0496 

„    2  .    -0477 
„    3  .    -0472 
„    4  .    -0497 

Exp.            inch. 

No.  1   .      0228 
„    2  .      0250 
„    3  .      0239 
„    4   .    -0283 

The  load  per  foot 
on     centre    tpan 
being  twice  that 
on  side  spans 

I* 

I3 

37  92 
27  04 
21  63 

Beam  loaded  uni- 
formly   over     its 
whole  length 

1 
2 
3 

23-31 
13-86 
7  14 

Mean  .      0816     Mean  .      048") 

Mean.      '0250 
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and  falling  OL  the  roadway  about  half-way  between  the  centre  and  the  abutments,  alternating  from 
the  north-eastern  to  the  south-western  portion  of  the  bridge.  The  third  effect  produced  by  wind  is 
the  motion  imparted  to  the  land  chains.  It  will  be  observed  that  there  are  no  suspension-rods 
between  the  piers  and  the  land-saddles,  so  that  the  chains  hang  without  anything  to  restrain  their 
motion.  Violent  gusts  of  wind  are  capable  of  deflecting  these  chains  laterally,  notwithstanding 
their  weight,  the  longitudinal  strain  upon  them,  and  the  comparatively  small  surface  exposi-d 

Two  features  of  this  bridge  appear  worthy  of  remark.  One  is  the  facility  with  which  the  work 
was  executed ;  the  other  is  the  comparatively  inexpensive  nature  of  the  scaffolding  or  temporary 
staging  required  for  erecting  the  chains,  considering  the  distance  between  the  points  of  support. 
Both  these  results  are  due  to  the  principle  of  suspension.  Already  spans  crossed  by  bridges  on 
the  principle  of  suspension  far  exceed  those  of  any  form  of  girder. 

In  relation  to  this  subject  it  may  be  right  to  mention  a  construction  of  continuous  girder  which 
approaches,  in  regard  to  economy  of  materials  employed,  to  a  stiffened  suspension  bridge.  In  a 
continuous  girder,  if,  instead  of  using  an  equal  depth  throughout,  a  greater  depth  and  a  greater 
sectional  area  be  given  over  the  piers,  it  lias  been  found  by  experiments  on  solid  bars,  as  well  as 
from  a  theoretical  investigation  of  the  case  as  applied  to  lattice  girders,  that  an  increase  of  strength 
is  obtained  in  a  much  higher  ratio  than  that  of  the  increased  weight  of  metal  employed.  The 
experiments  on  the  bars  referred  to  were  made  by  W.  H.  Barlow,  in  1858,  and  the  material  employed 
was  cast-iron,  which  was  selected  because  the  relative  strengths  of  the  different  forms  were  indicated 
in  a  distinct  and  decided  manner,  by  the  actual  rupture  of  the  beam.  The  experiments  extended  to 
a  comparison  of  strengths  and  stiffness  of  four  descriptions  of  bars; — 

1st.  Detached  bars,  parallel  throughout.  2nd.  Continuous,  bars,  of  equal  section  throughout. 
3rd.  Parallel  continuous  bars,  in  which  the  sectional  area  was  increased  over  the  piers,  without 
increasing  the  depths.  4th.  Continuous  bars,  in  which  both  the  sectional  area  and  the  depth  were 
increased  over  the  piers.  The  continuous  bars  were  tried  under  three  separate  conditions  of 
loading ; — 1st.  The  centre  span  alone  was  loaded.  2nd.  The  load  on  the  centre  span  per  unit  of 
length  was  made  double  the  load  in  the  side  spans.  3rd.  The  load  was  evenly  distributed 
throughout  the  whole  length  of  the  bar.  The  detached  bar  was  6  ft.  between  the  be  arings ;  the 
continuous  bars  were  15  ft.  long,  having  a  centre  opening  of  6  ft.,  and  two  side  openings,  each 
4  ft.  6  in.  The  results  are  given  in  the  p.  764  tables. 

In  the  last  form,  where  the  area  and  the  depth  are  each  made  double  over  the  pier,  while  the 
bar  is  increased  in  weight  only  25  per  cent,  in  the  centre  opening,  the  strength  and  stiffness  are 
increased  in  much  higher  proportion. 

The  mean  relative  strength  of  this  bar,  in  the  three  conditions  of  loading,  that  of  the  detached 
bar  being  taken  as  1,  were  as  follows ; — when  loaded  only  in  the  centre  span,  2*60 ;  when  the  load 
a  foot  on  the  centre  span  was  twice  that  of  the  side  span,  3-93 ;  when  the  load  was  equally  distributed 
throughout  the  bar,  4'42.  The  stiffness  was  increased  in  a  still  higher  proportion,  for,  taking  the 
deflection  of  a  detached  beam  at  100,  the  deflections  of  the  continuous  beams  under  the  three  con- 
ditions of  loading,  were  31,  21,  and  7  respectively. 

The  introduction  of  a  material  of  twice  the  tensile  strength  of  iron  would  enable  a  bridge  of  twice 
the  span  of  the  Clifton  Bridge  to  be  made  with  the  same  sectional  area  in  the  chains,  the  ratio 
between  the  versed  sine  of  the  curve  and  the  length  of  the  chains  being  similar,  and  the  weight  of 
the  roadway  and  load  a  foot  the  same  in  each  case ;  whereas  to  make  a  bridge  of  double  that  span 
in  wrought-iron  would  require  nearly  four  times  the  section  in  the  chains.  The  importance  of  so 
great  a  reduction  in  weight  in  crossing  openings  of  large  span  can  hardly  be  overrated.  It  operates  not 
only  in  diminishing  the  actual  quantity  of  material  in  the  structure  itself,  and  the  consequent  strains 
on  the  abutments  or  anchorages,  but  it  diminishes  very  greatly  the  cost  of  the  temporary  staging 
and  scaffolding  required  to  construct  the  work. 

COMPARATIVE  MEBITS  OF  DIFFERENT  SYSTEMS  OF  IRON  BRIDGE  BUILDING  ACCURATELY  EXAMINED. 
Taken  from  Jules  Gaudartfs  excellent  work,  '  Etude  Comparative  de  Divers  Systemes  de  Fonts  en  Per.' 

General  Symbols. 

M  =  Moment  of  rupture,  or  moment  of  resistance  which  is  equal  to  it ; 

F   =  Stress  or  transverse  strain ;  ,nnnnnn  r       u    „•„,. 

B  =  Resistance  the  square  metre  (GOOOOOO  for  tension  or  compression,  4000 

strain)  (see  No.  18)  • 

p    =  Permanent  continuous  load,  the  lineal  metre  of  girder ; 
p'  =  Moving  load,  the  lineal  metre  of  girder  ; 

q    =  Proportion  — ^ — ;  of  the  moving  to  the  whole  load ; 

P  =  Sometimes  &  weight  applied  to  a  certain  point  of  a  girder,  sometimes  the  weight  of  the 

girder  itself  in  its  length  of  bearing ; 
/    =  Bearing  of  the  girder ; 
L  =  Length  of  the  girder ; 

T> 

—  =  Mean  weight  of  girder,  the  lineal  metre  (see  No.  37) ; 
— -  =  Weight  of  the  girder ; 

§ 

d    =  Void  between  the  abutments ; 

—  --  Weight  the  lineal  metre  of  girder  spanning  the  void  • 

8    =  Interval  between  two  successive  points  to  which  the  load  is  applied,  in  girders  loaded  in 
a  discontinuous  manner ; 
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m  =  —  or  -  ,  according  as  8  enters  an  even  or  an  odd  number  of  times  into  /  ; 

2  o          £  o 
»  =  Number  indicating  the  order  of  a  section  of  flange  or  a  lattice-bar,  the  numbering 

beginning  at  tho  middle  of  the  bearing  ; 
a  =  Anglo  of  inclination  of  the  struts  ; 
&  =  Angle  of  inclination  of  the  ties  ; 
A  =  Height  of  the  girder: 
t    =  Weight  the  lineal  metre  of  a  prism  capable  of  supporting  a  strain  of  1  kilogramme,  or 

proportion  of  the  weight  of  a  cubic  metre  to  the  resistance  per  square  metre.    For  iron 


I 


U  =  Coefficient  applied  to  the  flanges,  the  actual  weight  of  which  is  always  greater  than  the 

theoretical  weight  (see  Nos.  63  and  following)  ; 

V  =  Mean  coefficient  of  stiffness  applied  to  compressed  bars  (see  Nos.  68  and  following)  ; 
n  =  Supplementary  term  taking  into  account   the  weight  of  various  accessories  inde- 

pendent of  A. 

The  dimensions  of  an  iron  plate  are  denoted  by  the  symbol  a/6,  the  letters  a  and  6  being 
replaced  by  numbers  indicating  respectively  the  breadth  and  the  thickness  of  the  section. 

For  an  angle-iron,  we  write  a/b/c  or  —  ,  a  and  6  being  the  breadth  of  the  arms,  and  c  the  mean 

c 

thickness  ;  for  a  simple  T»    /j  »  a  being  the  total  breadth  of  the  double  arm  and  c  its  thickness, 
6  the  length  of  the  single  arm  (including  the  thickness  c),  and  d  its  thickness. 

For  a  double  T  rolled,  -7-  ,  a  being  the  total  height,  c  the  thickness  of  the  web,  6  the  breadth  of 
c/d 

the  flanges,  and  d  their  thickness;  and,  generally,  for  a  double  T>  consisting  of  plate  and  angle  iron, 
we  indicate  successively  the  dimensions  of  the  web,  one  of  the  four  angle-irons,  and  one  of  the  flanges. 

When  angle-iron  with  arms  of  unequal  length  is  used,  the  lesser  arm  is  applied  to  the  plate 
and  bears  the  bolts,  and  the  greater  forms  the  projecting  mouldings  or  flanges. 

1.  Moments  of  Rupture  and  Transverse  Strain  for  Girders  resting  freely  upon  Two  Purports.  —  Let  us 
consider,  Figs.  1573,  1574,  a  portion  A  B  C  D  of  a  girder  included  between  any  section  C  D  and  a 
support  B,  and  subjected  to  various  loads  or  verti-  B  5573 

cal  forces,  as  P.  The  reaction  of  the  abutment 
is  a  force  R  also  vertical.  The  reactions  exerted 
at  C  D  may  be  reduced  to  a  force  F  and  a  Couple. 
The  other  forces  being  vertical,  F  must  be  vertical 
also:  it  is  in  equilibrio  with  the  vertical  trans- 
Terse  strain  in  the  section  considered,  the  value 
of  which  is  F  =  B  —  2  P,  the  sign  2  indicating  a 
sum.  The  condition  of  equilibrium  relative  to 
the  moments  of  the  forces  requires  that  the  moment 
of  the  couple,  or  moment  of  resistance  of  the  section 
C  D,  should  be  equal  to  the  moment  of  the  other 
forces  with  respect  to  this  same  section.  This  latter  moment,  called  moment  of  rupture,  has  the  value 

M=Ex-SP(x-  #,).    Its  differential  —  =  B  -  2  P  =  transverse  strain. 

The  vertical  rib,  or  web  of  the  girder,  is  besides  subjected  to  a  sliding  strain  upon  its  longi- 
tudinal fibres  or  horizontal  transverse  strain.  Indeed,  if  we  conceive  the  fragment  COO'C', 
limited  by  two  sections  infinitely  near  C  O,  C'  O',  and  by  a  horizontal  fibre  O  O',  this  fragment  is 
subjected,  upon  C  O,  to  a  certain  pressure  T,  and  upon  C'  O'  to  T  -f  d  T  ;  the  resultant  d  T  ought 
to  be  held  in  equilibrio  by  a  force  of  adhesion  B,  ed  x  upon  O  O'  (e  =  thickness  of  the  web,  B,  '  = 
resistance  to  shearing  strain. 

•^ht  maxi1mum  of  this  action  occurs  when  0  0'  is  situate  upon  the  neutral  axis  ;  for  then  T  is 

e  force  of  all  the  compressed  fibres  situate  above  this  axis.    As  the  flange  has  a 

n  usually  greater  than  the  rib,  and,  besides  this,  contains  the  fibres  which  are  most  acted 

nn,  the  point  of  application  of  the  resultant  T  will  be  very  near  the  flange,  and  its  value  will  be 

itavely  equal  to  the  moment  of  rupture  M  divided  by  the  height  h  of  the  girder.    Conse- 

quently we  shall  have  d  T  =  -  ^  =  B.crf  *,  whence  e  =  —  .  —  =  —  ,  which  may  be  ex- 
i   •      »  v.  •       ii_       t_  <?#      B|  A       B,  h 

by  saying  that  the  vertical  section  eh  of  the  rib  should  be  capable  of  resisting  a  shearing 
•  the  transverse  strain,  a  condition  which  enables  us  to  calculate  the  thickness  e. 
If  Of  Rupture  and  Transverse  Strain  due  to  a  Load  uniformly  distributed.—  It  the  load  p 
\  metre  extends  throughout  the  whole  length  of  bearing  I,  the  figure  of  the  moments  of 

rupture  will  be  the  parabola  M  =  -  px  (/  _  *),  the  abscissae  being  reckoned  from  the  abutment. 

This  parabola  has  its  axis  vertical,  and  the  value  of  its  parameter  is  -  ;  the  maximum  moment  in 

p 

the  middle  of  the  bearing  is  ^  .    The  transverse  strain  ia  represented  by  the  right  line  having 
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for  equation  F  =  p  (  -  —  x);  itis=0in  the  middle  of  the  bearing.    Considering  the  beginning 

of  the  co-ordinates  in  the  middle  of  the  girder,  we  should  have  M=  -  {  --  x*2)  and  F  =  —  p  x'. 

3.  Let  us  now  consider  a  load  p'  per  lineal  metre,  uniformly  distributed  as  p,  but  extending 
only  over  a  portion  of  the  bearing  included  between  the  fixed  abscissae  x  =  a,  and  x  =  a  +  6, 
reckoned  from  the  left  abutment.     Then,  in  the  first  interval,  of  length  a,  the  moment  of  rupture 

due  to  p'  will  be  represented  by  a  right  line  M  =  —  (2  /  —  2  a  —  6)  x  ;  in  the  second  interval,  of 
length  6,  by  an  arc  of  a  parabola  tangential  to  the  preceding  right  line,  and  expressed  by 
M  =  —•  (2  /  —  2  a  —  6)  x  —  ~  /  O  —  a)2  ;  and  in  the  third  interval,  of  length  /  —  a  —  &,  by  a  new 

tangent  to  the  parabola,  namely,  M  =  -  —  -  (I  —  x)  .   The  figure  of  the  transverse  strains  is 

a  broken  line,  the  extreme  portions  of  which  are  horizontal. 

For  the  maximum  of  the  moment  of  rupture  p'  must  extend  over  the  whole  bearing  ;  but  for 
the  maximum  of  strain  at  the  point,  the  abscissa  of  which  is  x,  p'  must  lie  only  between  this  point 
and  the  most  distant  support.  If  it  lies  between  the  point  in  question  and  the  right  abutment, 
the  force  is  positive,  if  we  consider  as  positive  those  forces  which  act  upwards  ;  it  is  expressed  by 

F  =  —-  (I  —  x)*,  and  is  consequently  represented  by  an  arc  of  a  parabola,  the  ordinate  of  which 

i  I 

upon  the  left  support  is  A  C  =  TJ-»  Fig.  1575,  the  ordinate  in  the  middle  OE  =  —  ,  and  the 

ordinate  at  B  =  0  ;   this  latter  point  is  the  summit 

of  the  parabola.     When,  on  the  contrary,  the  load        Cfs\  1676- 

is  placed  upon  the  length  included  between  A  and 

the  point  the  abscissa  of  which  is  #,  we  have  as  the 

figure  of  the  straining  forces,  then  negative,  another 

parabola  A  F  D,  having  its  summit  in  A,   and  the 

maximum   ordinate   of  which,   absolutely    expressed, 

is  —  B  D  =  —  ±-—  .     Thus  the  load  p',  by  changing  its 

£i 

position,  produces  at  each  point  of  the  bearing  transverse 
strains  sometimes  positive,  sometimes  negative. 

4.  In  brief,  if  we  have  at  the  same  time  a  dead  weight  p  and  a  moving  weight  p',  the  maximum 

moment  of  rupture  will  be  M  =  -  (p  +  p')  a  (J  —  #),  and  the  transverse  strain  in  the  left  half 

1  »'x2      1  /  x*    \ 

bay  F  =  ^(.p+p")(l-  2  x)  +  1-^-  =  -(p  +  p')  U  —  2x  +  -  qj,  q  denoting  the  proportion  of 

the  moving  weight  p'  to  the  total  weight  p  +  p'. 

The  value  of  the  area  comprised  between  the  figure  of  the  moments  of  rupture  and  the  axis  of 

the  X'B  is  —  (p  +  p')  I3,  and  the  area  of  the  maximum  straining  forces,  absolutely  expressed,  is 

iZt 

j  (P  +  P')  P  (  1  +  £  q  )  for  the  whole  bearing.    Dividing  these  areas  by  I,  we  shall  have  the  mean 

ordinates  of  the  moments  of  rupture  and  of  the  maximum  straining  forces.  Sometimes  the  effects 
do  not  depend  exclusively  upon  F  or  M,  but  upon  a  function  of  the  form  B  F  —  A  M.  Now  if  we 
consider  only  p',  this  function  will  be  greatest  when  p'  extends  between  the  point  considered  and 

the  farthest  abutment  ;  it  will  then  attain  the  value  p  *•  ~3'  (B  —  Aar). 

5.  Effect  of  Loads  uniformly  distributed  at  certain  intervals.—  When  a  girder  supports  discontinuous 
weights  P,  P'  P",  .  .  .  applied  to  points  having  as  their  abscissa  a,  a  +  6,  a  +  b  +  c,  and  so  on,  and 

such  that  P  =  -  p  (a  +  &),  P'  =  ^  p  (b  +  c),  and  so  on,  the  figure  of  the  moments  of  rupture  ia  a 

£  2 

polygon  inscribed  in  the  parabola  which  would  correspond  with  a  load  p  per  lineal  metre,  uniformly 
distributed  over  all  the  parts  of  the  girder. 

Supposing  each  of  the  extreme  intervals  equal  to  a,  all  the  intermediate  intervals  to  8,  and 
I  =  2  a  -f-  N  5,  the  permanent  weights  applied  to  the  points  of  division  will  be  equal  to  p  5,  except 

at  the  extreme  points,  where  they  will  be  ^  p  (a  +  8).  The  load  p'  will  furnish  analogous  weights, 

m 

but  they  can  be  only  on  a  certain  number  of  consecutive  points  of  division.  The  transverse 
strain  for  a  given  load  is  constant  in  each  interval,  but  varies  from  one  to  the  other.  In  order 
that  it  may  reach  its  maximum  in  the  interval  preceding  the  point  having  as  its  abscissa  a  +  K  8, 
the  load  must  be  applied  to  this  point  and  to  all  those  which  follow  it,  as  far  as  the  right  abut- 
ment, the  point  in  question  being  supposed  on  the  left  of  the  middle  of  the  girder.  We  shall  thus 
obtain  for  this  maximum, 
8 


. 

but  this  formula  does  not  apply  when  K  =  6,  that  is  for  the  extreme  interval  ;  in  that  case  we 
have  F  =  -  (p  +/>')  (NS  +  a). 
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6.  Usually  all  the  intervals  arc  equal  to  each  other.    Making,  therefore,  a  =  0,  and  /  =  N  8, 
we  ahall  have  F  =  ^(p  +  p')  (N-S«  +  l)fl  +  N(y(*  gl+l)  ?] 


in  the  interval  included 

between  the  abeeissw  (K  -  1)5  and  K  8.    This  formula  holds  good  for  the  first  interval. 

To  find  the  sum  of  the  values  of  the  transverse  strain  in  all  the  intervals  when  N  is  an 
even  number,  take  the  sum  of  the  preceding  expression  in  which  K  assumes  the  successive  values 


1,2,^,  and  double  the  result  for  the  whole  bearing.    Wo  thus  obtain 


and  multiplying  by  8  we  shall  have  the  area  of  the  polygon  of  the  maximum  straining  forces 
luolutcly  considered.    When  N  is  an  odd  number,  find  the  sum  on  the  supposition  that  K 

N  —  1 

varies  from  1  to  -  ,  double  the  result,  and  add  the  force  of  the  middle  interval  which  will 

correspond  with  it  =  ?L±1  .     We  thus  obtain  2  F  =  (p  +/)  /     *~  *  (\  +  |  q  j 

The  area  of  the  polygon  of  the  moments  of  rupture  may  be  found  by  taking  from  the  area  of 
the  circumscribed  parabola  N  small  segments,  the  chords  of  which  have  each  8  as  a  horizontal 

projection,  and  the  surfaces  of  which  have  the  constant  value  —  (p  +p")  83.    We  thus  obtain  for 

N2  —  1 
the  area  sought  (p  +  j/)/3  19TJa  ,  a  formula  which  applies  whether  N  be  an  even  or  an  odd 

number.     We  should  have  —  ~-(.p+/0  (I*  —  N83  —  2  a3)  in  the  more  general  case  in  which 


7.  When  we  have  to  consider  an  expression  of  the  form  B  F  —  A  M,  where  M  denotes  the 
moment  of  rupture  with  respect  to  the  point  the  abscissa  of  which  is  K  8,  and  F  the  force  in  the 
interval  preceding  this  point,  we  shall  raise  it  to  its  maximum  by  applying  the  load  to  the  point 
the  abscissa  of  which  is  AC  8  and  to  the  following  points  of  division  as  far  as  the  right  abutment, 

K  8  being  supposed  less  than  -.    We  obtain  in  this  way  the  maxima  value 

I 


the  term  due  to  the  permanent  load  not  included.    If,  on  the  contrary,  F  were  the  force  beyond 
the  point  the  abscissa  of  which  is  K  8,  to  obtain  the  maximum  we  should  have  to  suppress  the 

weight  at  this  point,  and  the  formula  would  then  be  J-=  (N  —  K)  (N  —  K  —  1)  (B  —  A  K  8). 

2t  N 

If  the  expression  considered  were  of  the  form  B  F  —  A  M  —  A'  M',  M  being  the  moment  at 
the  point  the  abscissa  of  which  is  K  8,  M'  that  at  the  preceding  point  the  abscissa  of  which  is 
(«  —  1)  8,  and  F  the  force  between  these  two  points,  this  expression  would  be 

|^  (N  -  *c)  (N  -  K  +  1)  [B  -  A  K  5  -  A'  («  -  1)  8] 

8.  Moments  of  Rupture  produced  by  the  Passage  of  a  Wheel.  —  A  weight  P  applied  to  the  point  the 
abscissa  of  which  is  a,  reckoning  from  the  abutment,  would  produce  moments  of  rupture  repre- 
sented by  two  right  lines  beginning  at  the  supports  and  meeting  at  the  loaded  point  where  the 

ordinate  reaches  the  value  -  -  -  .    But  if  this  weight  P  be  a  wheel  rolling  from  one  end  of 

the  bearing  to  the  other,  the  maximum  moment  at  any  given  point  will  be  produced  when  the 
wheel  is  passing  over  this  point,  and  the  maximum  moments  will  be  the  parabola  having  the 


..     ,,  ,„ 

equation  M  =  -  -  -  £  and  the  parameter  = 

If  the  girder  support  besides  a  uniform  load  P  per  lineal  metre,  it  will  be  sufficient  to  substi- 
tute for  P  in  the  preceding  equation  P  +  —  - 

m 

But  the  parabola  representing  the  moments  due  to  P  is  only  an  imaginary  one,  since  at  any 
given  instant  there  exists  only  one  of  its  points,  the  one  determined  by  the  ordinate  on  the  right 
of  the  load  ;  and  the  moments  of  rupture  at  this  instant  are  the  broken  line  of  which  we  have 
already  spoken.  The  force  F  is  also  not  derived  from  the  parabola,  but  the  inclination  of  one  or 
the  other  of  the  right  lines  composing  the  broken  line,  according  as  we  wish  to  find  the  force  on 
one  side  or  the  other  of  the  section  considered. 

J.  Moments  of  Rupture  produced  by  Two  Wheels.  —  The  two  wheels  occupying  a  determinate 
position,  the  moments  of  rupture  are  a  broken  line  composed  of  three  right  lines.  But  to  have  at 
a  given  point  the  maximum  moment  we  must  bring  one  of  the  wheels  of  the  vehicle  upon  it, 
the  other  wheel  so  placing  itself  that  their  common  distance  d  remains  constant.  If  the  left 
wheel  P  be  placed  upon  the  point  the  abscissa  of  which  is  x,  the  moment  of  rupture  will  be 

M  =  -  [Q  (/  —  x)  -  F  d],  Q  representing  the  quantity  P  +  F  +  ^—  ,  on  the  hypothesis  that  the 
girder  supports  besides  a  permanent  load  p  a  lineal  metre. 
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If  P'  be  brought  upon  the  section  in  question,  the  wheel  P  removing  to  the  left,  we  shall  have 
M'  =  y  [Q  (i  -  *)  +  Pf]  -  Pd. 

The  first  equation  will  give  a  greater  value  than  the  second  so  long  as  «r  is  <  p^~4> > :  beyond 
this  limit  we  must  take  the  second  equation. 

These  two  equations  represent  two  parabolas  A  C  E,  B  F  E,  Fig.  1576,  of  the  same  parameter 
Q  ,  and  having  their  axes  vertical.  But  if  the  left  wheel  P  be  heavier  than  the  right  wheel  F, 

the  parabola  ACE  produced  by  bring- 
ing the  wheel  P  on  the  point  the 
abscissa  of  which  is  a-,  will  descend 
lower  than  the  other.  Now,  when  the 
vehicle  returns  in  the  opposite  direc- 
tion, we  shall  reproduce  symmetrically 
the  two  parabolas,  and  then  it  will  be 
the  curve  ACE  and  its  symmetrical 
which  will  furnish  the  greatest  ordi- 
nates,  so  that  we  shall  have  to  lay 
aside  the  second  equation. 

We  must  observe  again  that  the 
equation  of  the  parabolas  supposes  both 
wheels  always  acting,  even  when  one 
of  them  has  passed  beyond  the  support, 
in  which  case  it  will  rest  no  longer  upon 
the  bearing,  but  upon  the  support.  As  the  girder  is  supposed  to  terminate  at  the  support  when 
one  of  the  wheels  has  passed  beyond  it,  the  curve  is  no  longer  applicable :  we  must  in  that  case 
consider  the  parabola  A  C  F  B  due  to  a  single  wheel  towards  the  middle  of  the  bearing.  It  is 
applicable  only  when  the  common  distance  d  of  the  wheels  exceeds  half  the  bearing ;  and  sup- 
posing this  condition  fulfilled  we  obtain  the  various  values  numbered  on  the  figure. 

If  with  a  certain  section  the  girder  offers  an  insufficient  moment  of  resistance  a,  in  the  parts 
subject  to  the  greatest  strain,  it  will  be  necessary  to  strengthen  the  flanges  throughout  a  length 


-  (Pf  d  +  */  (Q/  —  p'  d)*  -  4Q/ju),  on  the  condition  that  this  value  be  greater  than  2d  -  /. 

**  N 


In  the  contrary  case,  the  theoretical  length  of  the  strengthening  will  be 


V  --  -  -  -  . 


10.  When  the  two  wheels  of  the  vehicle  are  equal  to  each  other  the  maximum  moment  occurs 

.  ..       ,     .      2P(2J  -d)  +  pi*  .   [2P(2f-d)+pf«]» 

at  the  abscxssa  and  its  value  is 


8l(4p  +  p<)        . 

11.  Moments  of  Rupture  due  to  Three  Wheels.  —  Let  P,  P'  P"  represent  the  weights  of  the  three 
wheels  moving  from  left  to  right,  and  c?,  d'  their  common  distances. 

There  are  three  geometrical  figures  of  the  moments  of  rupture  to  be  considered  during  the 
passage  of  the  vehicle,  and  each  of  these  figures  is  composed  of  three  parabolical  arcs,  the  equations 
changing  when  one  or  two  of  the  wheels  pass  beyond  the  bearing. 

1.  Figure  of  the  Moments  obtained  by  bringing  P"  upon  the  Variable  Section  considered. 

Making  P  +  P'  +  ?1  =  Q,F  +  P"  +  ^  =  Q',  and  P+  F  +  P"  +  ^  =  Q". 

a  a  * 

From  x  =  0  to  *  =  d',  P"  acts  alone  and  gives  M  =  j  (f  —  *)  (  P"  +  y  J  ; 
From  x  =  d'  to  x  =  d  +  d'we  have  M  =  |  {  Q'  (/  -x)  +  F<f  }  -  FcT; 
From  *  =  d  +  d'  to  x  =  I,  M  =^j^{  Q,"  x  -(P  +  P1)  d'  -Pd]  . 

2.  Figure  of  the  Moments  obtained  by  bringing  F  upon  the  Section. 
From  x  =  Oto  x  =  d,  we  have  M  =      {  Q'  (/-x)  -  F'«f  {  ; 


From*  =  dtex  =  /-<f,M  =  |  {  Q"  (f-*)  +  Pd-  P"(f  }  -prf.' 
From  r  =  /-<fto*  =  /,  M  =  y{Q(/-*)  +  P^}-Prf. 

3.  Figure  of  the  Moments  obtained  by  bringing  P  upon  the  Section. 
From*  =  Oto*  =  /  -  d-  <T,  M  =  y  {  Q"  (/-*)-(F  +  P")  d  -P"  d'  }  ; 

¥romx  =  l-d-d'  to  x  =  I-  d,  M  =  j  {  Q(/-*)  -Fdf  ; 
From  x  =  l-dtox  =  l,H  =  ^(l-  *)(P  +  ^Y 
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The  parameter  of  each  parabola  is  the  reciprocal  quantity  of  the  mean  load  per  lineal  metre, 
reckoning  only  the  half  of  the  uniformly  distributed  load  p. 

Having  constructed  these  three  geometrical  figures,  we  have  to  consider  each  of  them  only  in 
that  i*>rti"ti  in  wliii-h  it  gives  ordiiwtes  greater  than  the  others;  and  as  the  vehicle  may  be  brought 
back  in  the  othor  ill  nation,  we  can  reproduce  symmetrically  the  maxima  curves,  which  will  always 
eliminate,  if  not  already  eliminated,  the  cases  of  a  single  wheel  expressed  by  the  first  and  last  of 
the  niiif  equations  given  above. 

12.  The  following  particular  case  deserves  notice.    If  the  vehicle  be  turned  so  that 


\i  will  be  sufficient  to  consider  the  first  half  of  the  girder.    Again,  if  /  —  d  —  <f  exdeeds  each  of  the 
quantities  <f,<f»  and  ^     *,, ,  we  must  consider  only  the  seventh  and  fifth  of  the  nine  equations, 

P/ 
the  seventh  between  the  abscissas  O  and  = ,  and  the  fifth  between  the  latter  abscissa 

and  the  middle  of  the  girder.    A  girder,  the  simple  section  of  which  has  a  moment  of  resistance  n 
inferior  to  the  maximum  moment  of  rupture,  should  be  strengthened  throughout  a  length  expressed 

by  P"(d+d?4     -+  -JrX  {Q"/-P"(d  +  d')-Fd}2-4Q/^  on  the  condition  that  this 

p»  i  p" p 

length  exceed  — ^  /.    In  the  contrary  case  the  theoretical  length  of  the  strengthened  part 

should  be  Fd~F  *  +  ^  V(Q"  f  +  P  d  —  P"  tT)2  —  4  Q" '  G*  +  p  <0-  The  value  of  the  maximum 
moment  is  \  /Q"/-2P</-2P"df' + 


er- 
ror example,  if  /  =  6  metres,  P  =  P'  =  P"  =  6000  kilogrammes,  p  =  0,   d  =  1'40  metre, 
f  =  1  -90  metre,  the  maximum  moment  will  be  17120,  equal  to  that  which  would  be  given  by  a 
uniformly  distributed  load  of  3800  kilogrammes  the  lineal  metre. 

13.  Moments  of  Resistance  of  Solid  Girders. — Girders  with  Equal  Flanges. — For  girders  of  incon- 
siderable height,  the  moment  of  resistance  is  calculated  by  the  exact  formula 

-?-  (6  A3  -  V  A'»  -  b"  A"3  -  6'"  A'"3),  Fig.  1577. 
6  A 

Tables  I.  and  II.  give  the  moments  ready  calculated  of  various  sections. 
Part  of  these  results  has  been  taken  from  more  extensive  Tables  published 
by  M.  Foy  in  the  '  Annales  de  la  Construction '  of  M.  Opperman,  1863.  As 
usual,  the  value  of  B  has  been  taken  as  6000000 ;  but  if  it  be  required  to 
give  to  B  another  value,  it  will  be  easy  to  modify  these  results  by  a  simple 
proportion. 

When  a  section  according  to  the  Table  would  be  too  weak  or  too  strong 
for  the  girder  proposed,  we  can  modify  the  thickness  of  the  flanges  or 
of  the  vertical  rib,  remembering  always  that  every  millimetre  added  to  or 
taken  from  the  latter  increases  or  diminishes  the  moment  of  a  quantity  =  1000  A2 ;   and  that 
every  millimetre  in  each  of  the  two  flanges  causes  an  alteration  of  6000  6  A. 

14.  When  the  girder  is  not  a  very  low  one,  the  moment  of  resistance  may  be  rapidly  calcu- 
lated by  an  approximative  formula.    With  the  dimensions  denoted  in  Fig.  1577,  the  moment  of 

resistance  of  the  horizontal  flanges,  abstracting  the  rib  and  angle-irons,  is  exactly  B  b  — — —  =  M ; 

6  A 

but  if  we  take  M'  =  B6  A'.  — - —  =  B  s  A',  s  being  the  section  of  one  of  the  horizontal  flanges,  we 

I 

M' 


For  example,  if  A'  is  at  least  0'8  of  A,  and  this  is  always  the  case  when  the  girder  is  of  incon- 
siderable height,  the  proportion  —  will  be  equal  to  0*983,  which  is  very  near  unity. 

As  A'  differs  little  from  A,  we  may  consider  the  moment  of  resistance  of  the  vertical  rib  of 
thickness  e  as  equal  to  B  e  —  or  -  B  s'  A',  s  being  the  section  e  A'.  Thus  the  vertical  rib  gives  a 

moment  of  resistance  equal  to  only  ^  of  that  which  the  same  quantity  of  material  would  possess  if 
equally  distributed  between  the  two  horizontal  flanges. 

For  the  angle-irons,  if  we  limit  ourselves  to  — —  and  — -J-- — ,  we  can  make  use  of  Table  III., 

which  gives  the  moments  of  resistance  ready  calculated  of  four  angle-irons  (two  at  the  top  and 
two  at  the  bottom),  supposing  that  B  reaches  the  value  6000000  in  the  fibres  situated  at  the 
extremities  of  the  height  A'.  If  we  get  beyond  these  limits,  we  can  reduce  the  values  of  the  Table. 

Thus  for  angle-irons  of — — —  we  must  add  \  of  the  value  given  by  the  Table  for  angle-irons  of 

— 12 —  •  When  the  height  is  inconsiderable,  instead  of  considering  the  angle-irons  apart,  we  may 
include  them  in  the  section  s  of  the  flange. 
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Let  us  take,  by  way  of  example,  a  girder  0-80  metre  in  height,  consisting  of  a  vertical  rib  of 

"o/sr 

To" 


80/80 
700/12  millimetres,  four  angle-irons  of  ,  and  two  flanges  of  300/50.     Wo  shall  have 


A'  =  0'70,  s  +  —  «'  =  0'0164,  and  consequently 

The  moment  of  resistance  of  the  rib  and  flanges  =  6000000  x  0-0164  x  0'70  =  68880 
The  moment  of  resistance  of  the  angle-irons,  according  to  Table  III 11014 

Total 79894 

The  exact  calculation  gives  78158.  Supposing  the  moment  of  rupture  to  be  equal  to  79894,  the 
girder  would  have  to  bear  a  strain  of  6 '13  kilogrammes  instead  of  6,  a  difference  which  is  of  no 
importance. 

15.  Moments  of  Resistance  of  Unequal  Sections  with  respect  to  the  so-called  Neutral  Axis. — The  strain 
which  iron  is  usually  reckoned  to  bear  is  6  kilogrammes  the  square  millimetre,  both  in  those  parts 
which  are  subject  to  compression  and  in  those  which  are  subject  to  tension,  the  compressed  parts 
requiring  only  a  proper  form  to  prevent  twisting.  But  if  it  be  required  to  employ  a  higher  coeffi- 
cient for  the  flange  subject  to  tension  than  for  the  one  subject  to  compression,  we  must  increase 
the  strength  of  the  latter,  that  is,  we  must  adopt  an  unequal  section  with  respect  to  the  neutral 
axis. 

These  unequal  sections  may  be  unavoidable  in  certain  cases ;  for  example,  in  girders  of  the  form 
given  in  Fig.  1588.  In  such  a  case,  it  is  often  possible  to  assimilate  the  section  to  an  equal  one 
having  the  two  flanges  equal  to  the  weakest  of  the  given  section.  But  if  the  exact  calculation  be 
required,  we  must  proceed  as  follows : — 

First  find,  by  the  theorem  of  moments,  Fig.  1578,  the  sides  of  a  height  8  and  8'  which  fix  the 
position  of  the  centre  of  gravity  G  of  the  section,  which  coincides  with  the  neutral  axis  when  the 
girder  is  only  subject  to  forces  normal  to  its  16y8  16j9 

length.    Then,  between  the  coefficients  R  and  R, ,  , 

which  express  respectively  the  maximum  resist-  t^      g J  r~'^"     ^  R 

ance  of  the  two  flanges,  we  shall  have  the  proper-  — kmnHn^ *f  T 

-  ,  «.  '  i  -        I        '  •T'n 

B 


tion  =-=—;.    The  moment  of  resistance  may  be 

R]       8 

expressed  either  in  terms  of  R  or  of  Rt  which  are 
connected  by  the  preceding  proportion ;  in  terms 
of  R,  for  example,  Fig.  1579,  its  value  will  be 


i 

cir- 


In the  particular  case  of  a  simple  "[",  Fig.  1579,  we  shall  have  8  =  —  .          ^  ,     • 

Moment  of  inertia  I  =  4  (6  8s  -  (6  —  6')  (8  —  A')3  +  &'(*-  8)4.  Moment  of  resistance  =  —  l—  ,  R, 

o  V  1  n  —  0 

referring  to  the  fibre  which  is  farthest  from  the  neutral  axis. 

16.  Solid  Girders  of  small  dimensions.  —  Coefficient  R.  —  Rivetings.  —  Theoretically  the  thickness 
of  the  vertical  rib  should  vary  with  the  strain  to  which  it  is  to  be  subject  ;  but  in  small  girders 
this  thickness  is  fixed,  and  offers  an  excess  of  resistance,  for  the  conditions  of  rigidity  prohibit 
the  reduction  of  the  thickness  of  the  iron  plates  below  certain  limits.  We  may,  therefore,  consider 
the  thickness  e  of  the  rib  as  given. 

If  we  first  suppose  the  section  constant,  and  'represented  in  detail  by  Figs.  1580  to  1585,  the 
value  of  the  moment  of  resistance  will  be 


4  e3 

We  may  neglect,  relatively  to  h,  the  term  —  ,  and  take 

o  ft 


ri] 

V     / 

M  eh* 


whence  b  =        —  _-,.„,_ 

Kf(h  —  2*)  oe  (A  —  2«) 

The  area  of  the  section,  or  the  volume  of  the  lineal  metre  of  girder,  is  expressed  by 

2  6  «  +  (A  —  2  c)  (e  +  ^)  ; 

ty  representing  the  volume  of  the  joint-plates  and  mouldings  of  the  rib  the  square  metre,  that  is, 
the  additional  thickness  which  must  be  given  to  the  rib  to  equal  the  weight  of  these  mouldings 
and  joint-plates. 


.      .                                     -  ,    ,  ,.      0  . 

Substituting  this  value  for  6,  the  expression  becomes  -     ~  3  R  (A  —  2  «) *  '   ~~ 

and  it  is  reduced  to  a  minimum  by  the  following  value  of  h : 

This  formula  gives  the  height  to  be  adopted  in  order  to  have  the  lightest  possible  girder, 
offering  a  given  moment  of  resistance,  the  quantities  e,  ty  and  «  being  also  given. 
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Tvc-girder  Bridge,  of  AyA  girders,  loaded  on  the  upper  part. 


1581. 

Detail  of  a  console. 
Scale,  0-03. 


Eliminating  M  between  [1]  and  [2],  and  supposing  e  =  c,  we  obtain 

h- 


[3] 


a  formula  which  establishes  between  h  and  6  the  most  advantageous  relation,  e  being  always  given, 
and,  in  the  interests  of  economy,  requiring  to  be  chosen  as  small  as  the  necessary  rigidity  will 
allow.  In  girders  of  rolled  iron  ^  =  0,  and,  consequently,  h  =  6  6 ;  thus,  for  this  kind  of  girder, 
if  we  choose  the  area  S  of  the  section,  the  best  form  will  be  obtained  by  adopting  for  e  the  smallest 

O  Q  Q 

possible  value,  and  then  taking  A  =  —  and  6  =  — 

4«  8e 

Formula  [2]  assumes  the  following  form  in  the  case  of  a  girder  supporting  a  uniformly  distri- 
buted load  p  per  lineal  metre  of  bearing  f. 
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17.  Let  us  now  consider  the  case  of  girders  having  flanges  of  varying  thickness.  As  the 
increase  of  thickness  is  obtained  by  placing  one  plate  upon  another,  the  variation  takes  place  by 
redans  or  gradations,  from  the  middle  to  the  extremities  of  the  bearing.  If  M  denote  the  moment 
ot  resistance  of  one  of  the  sections,  the  additional  material  to  be  added  in  the  middle  will,  theo- 

retically, be  equal  in  length  to  V  /«  -  '?£,  supposing  the  girder  loaded  with/?  the  lineal  metre. 

This  length  should,  in  practice,  be  slightly  increased,  in  order  that  the  added  plate  may  form  suffi- 
cient consistency  with  the  flange  by  means  of  its  extreme  rivets,  at  those  points  in  which  the 
strengthening  becomes  necessary. 

Let  us  suppose  that  Figs.  1580  to  1585  represent  the  section  at  the  ends  of  the  girder,  *  being 
the  least  thickness  it  is  thought  proper  to  adopt  for  the  flanges  ;  then,  admitting  approximatively 
that  from  the  extremities  this  thickness  increases  as  the  ordinate  of  a  parabolical  segment,  so  as 
to  reach  its  greatest  value  z  in  the  middle  of  the  bearing,  the  thickness  z  will  bo  determined  by 
the  following  equation,  in  which  the  moment  of  resistance  is  expressed  in  the  approximative 
manner  explained  in  14. 


Let  K  be  a  coefficient  1  •  10  taking  into  account  the  joint-plates  of  the  flanges.    The  volume  of 
the  lineal  metre  of  girder  will  then  be  I  h  (e  +  »(/)  +  2  K  I  b  {  e  +  -  (z  —  e)\  ;  or,  by  substituting 


the  value  of  bz,  Ih  {  f  +  c  (1  -  |  «)}  +  |  *  Ib  e  + 
This  expression  becomes  a  minimum  if  we  take 


h  =  lV— K-»—-^—t  [6] 


which  shows  that  the  height  of  girders  should  vary  as  I  */  p. 

The  height  being  determined,  the  middle  section  of  the  flanges  is  calculated  by  equation  [5]. 
The  breadth  6  must  be  sufficient  to  ensure  the  rigidity  of  the  girder,  and  to  prevent  the  thickness 
z  from  exceeding  a  certain  limit,  such  as  0-06  or  0- 07  metre. 

Examples.  —  Let  /  =  20  metres,  p  —  6000  kilogrammes,  e  =  O'OIO  metre,  if  =  0-008,  R  = 
6000000,  and  K  =  1  •  10.  We  find  h  =  2  •  17  metres,  and  p  z  =  0  •  0194.  If,  for  example,  we  make 
z  =  0-050,  we  shall  have  6  =  0'39  metre.  Supposing  e  =  O'OIO.  the  girder  will  weigh  about 
11  tons,  or  22231  Ibs. 

The  above  formulae  apply  only  to  cases  in  which  we  are  free  to  realize  the  most  advantageous 
forms.  It  frequently  happens  that  the  height  allowed  is  limited,  in  which  cases  we  must  adapt 
the  height  of  the  girder  to  the  circumstances  imposed  upon  us.  The  thickness  of  the  vertical  rib 
varies  in  girders  of  great  importance. 

18.  Coefficient  JR. — The  practical  resistance  of  iron  both  to  tension  and  to  compression  is  usually 
taken  as  6  kilogrammes  to  the  square  millimetre,  and  this  coefficient  is  regarded  as  applicable  to 
the  solid  section,  that  is,  without  any  deduction  for  rivet-holes.    In  the  parts  subject  to  compres- 
sion, these  holes  do  not  weaken  the  piece  in  the  slightest  degree,  if  they  are  exactly  filled  by  the 
shank  of  the  rivets  ;  but  this  condition  is  not  always  fulfilled.    In  .the  parts  subject  to  tension  the 
hold  which  the  heads  of  the  rivets  have  taken  upon  the  plate  in  consequence  of  the  shrinking  of 
the  metal,  partly  compensates  the  loss  of  strength  occasioned  by  the  hole ;  but  we  must  always 
reckon  upon  a  loss  in  virtue  of  which  K  will  exceed  6  kilogrammes. 

When  certain  points,  such  as  the  situation  of  joint-plates,  for  example,  require  a  greater  degree 
of  perforation  than  the  other  parts,  it  will  always  be  advisable  to  slightly  increase  the  section  in 
these  points. 

In  the  case  of  bars  fixed  to  gussets  by  several  rows  of  rivets,  the  loss  may  in  most  cases  be 
rendered  trifling  by  a  proper  arrangement  of  the  holes:  for  example,  one  rivet  only  may  be  put  in 
the  transverse  section  A  B,  Fig.  1586,  two  in  C  D,  three  in  the  following  1586 

row,  and  so  oh ;  for  it  is  enough  if,  in  any  section,  the  net  resistance 
retained  equals  the  strain  upon  the  bar  diminished  by  the  resistance  of 
the  rivets  which  precede  the  row  under  consideration.  Or,  instead  of 
this,  we  may  vary  only  the  diameter  of  the  rivets  which  should  increase 
towards  the  end  of  the  piece.  Or,  again,  the  two  methods  may  be  com- 
bined. In  lattice-girders,  in  which  every  bar  is  of  inconsiderable  sec- 
tion, a  single  hole,  even  when  it  is  of  small  size,  may  be  an  important 
fraction  of  the  section,  in  which  case  it  will  be  advisable  to  increase 
the  section,  at  least  in  the  bars  subject  to  tension;  in  those  subject  to  compression  it  is  often 
necessary  to  enlarge  the  dimensions  for  the  sake  of  rigidity,  and  this  excess  of  section,  needed  in 
the  middle  to  prevent  deflection,  is  serviceable  at  the  extremities  in  compensating  the  loss  occasioned 
by  the  rivets. 

Thus  in  certain  cases  it  is  necessary  to  take  into  account  the  weakening  of  the  material  by 
rivet-holes,  but,  generally,  we  may  consider  that  the  coefficient  11  =  6000000  is  sufficiently  low 
to  permit  us  to  neglect  it. 

19.  kivetings  and  Holts. — The  resistance  of  these  to  shearing  force  might  be  considered  equal  to 
their  resistance  to  tension  or  compression,  when  it  ia  effected  under  favourable  circumstances.    15ut 
as  the  joints  often  require  a  greater  number  of  rivets,  they  will  not  resist  in  an  equal  degree.    For 
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this  reason  it  u  usual  to  reckon  their  resistance  at  4  kilogrammes  the  square  millimetre.  In 
accordance  with  thin,  a  rivet  of  Ora<022  in  diameter,  offering  a  single  section,  should  support 
11  ten,  or  8031  Ibs.;  and  one  of  Om'25,  2  tons,  or  4042  Ibs.  The  distance  of  the  holes  apart 
may  b«  about  0-- 08. 

When  a  small  surface  only  of  a  bar  rests  upon  its  gusset,  it  is  often  necessary  to  double  the 
Motions  of  the  rivet*  to  enable"  them  to  resist  the  shearing  strain;  this  is  effected  by  placing  a 
joint-platoon  the  opposite  side  of  the  gusset,  extending  an  equal  distance  along  the  bar.  Th- 
•pace  between  the  bar  and  the  joint-pint,  i*  tin -n  tilled  up,  so  that  the  gusset  is  fixed  into  a  kind 
of  fork,  which  can  be  torn  away  only  by  shearing  the  rivets  through  two  sections.  In  certain  cases, 
it  will  be  easier  and  less  expensive  to  enlarge  the  gusset  and  retain  only  a  single  section  of  bolt. 
15 v  ilonMing  the  guswt^  ami  joint-pint*-*,  the  rivet*  will  offer  a  quadruple  section.  The  thickness 
of  the  gussets  should  be  so  caleulated  that  there  may  be  no  risk  of  their  giving  way  along  the 
perimeter  enveloping  the  rivets  of  the  bar. 

We  may  observe,  with  respect  to  the  joint-plates  of  the  flanges,  that  it  will  be  prudent  to  place 

considerably  apart  the  holes  of  those  transverse  rows  which  are  nearest  to  the  joint  and  to  the  ends 

joint-plate,  and,  on  the  contrary,  to  place  them  closer  together  in  the  intermediate  rows. 

This  condition  may  be  disregarded  with  respect  to  the  rows  nearest  the  joint,  if  we  increase  the 

thickness  of  the  joint-plate.    But  even  then  it  is  as  well  to  increase  the  length,  and  to  place  the 

-  farther  apart. 

The  vertical  rib  of  a  malleable  iron  girder  has  a  tendency  to  slide  between  the  two  angle-irons 
which  fix  it  to  each  of  the  horizontal  flanges.  We  saw  in  1  that  this  horizontal  shearing  strain 

requires  a  thickness  of  rib  e  given  by  the  equation  —  —  =  E,  e  d  x.    Taking  account  of  the  rivets, 

we  shall  have  —  =  n  Q  dx,  n  being  the  number  of  rivets  the  lineal  metre,  and  Q  the  strain  borne 

1      JM        F 
by  ono  of  them  upon  a  double  section.    Whence  we  deduce  n  =  ^-r  •  -3—  =  -^-7- . 

Supposing  PK  the  lineal  metre  of  girder,  the  maximum  of  strain  F  will  be  -^-,  and  by  using 

7 

rivets  of  Om<025  we  shall  have  Q  =  4000  kilogrammes;   consequently  n  =    ^      ,  that  is,  at 

oi/UU  A 

the  extremities  of  the  girder,  the  rivets  fixing  the  rib  to  the  angle-irons  of  the  flanges  should  be 

1         flOAfi  ft 

placed  apart  the  distance  of  -  = —  .    With  a  diameter  of  Om-022  the  distance  should  be 

n        pi 

GOOOA 

Pi 

The  same  considerations  apply  to  the  rivets  which  hold  together  the  plates  of  the  flanges,  or 
which  fix  them  to  the  horizontal  arm  of  the  angle-irons,  but  in  these  cases  the  distance  may  be 
increased  on  account  of  the  relatively  less  sliding  strain. 

The  foregoing  condition  will,  in  general,  allow  us  to  place  the  rivetings  wide  apart  throughout 
the  greater  part  of  the  length  of  the  flanges  ;  but  in  the  flange  subject  to  compression  the  rivetings 
serve  another  purpose,  which  must  be  borne  in  mind ;  namely,  that  of  preventing  the  exfoliation 
of  the  plates,  which  would  inevitably  occur  if  they  were  insufficiently  fixed  together.  This  con- 
dition requires  that  the  plates  should  not  be  left  free  throughout  a  length  exceeding  Om>15; 
but  when  there  are  several  rows  of  rivets,  the  distance  may  in  certain  cases  be  doubled,  provided 
we  take  care  to  alternate  the  holes. 

The  holes  should  be  placed  closer  together  in  a  line  with  the  joint,  in  order  to  avoid  uselessly 
increasing  the  length  of  the  joint-plates. 

When  the  number  of  plates  of  which  the  flange  is  composed  is  grea.,  the  joints  are  near 
together ;  and  in  this  case  the  rivetings  should  extend,  at  small  intervals,  throughout  the  whole 
of  the  length. 

20.  Flooring  of  Bridges. — Parts  beside  the  chief  Girders. — When  the  rails  do  not  rest  directly  upon 
the  principal  girders,  these  are  made  to  support  cross-girders,  upon  which  again  are  placed,  longi- 
tudinally, other  and  lesser  girders,  and  it  is  upon  these  latter  that  the  rails  are  laid. 

We  may  consider  these  minor  supports  as  simply  resting  upon  the  cross-girders,  and  we  may 
take  as  their  bearing  the  distance  of  these  latter  from  each  other.  If  the  rolling  load  consists  of 
the  wheels  of  a  locomotive,  the  weight  of  which  is  7  tons,  and  their  distance  apart  lm-40, 
one  of  the  wheels  in  the  middle  of  the  girder  will  give  the  maximum  moment,  when  the  bearing 
U  less  than  2m>40.  Above  this  it  will  be  necessary  to  consider  two  wheels.  The  dead  weight, 
which  is  of  small  importance  relatively  to  the  rolling  load,  may  be  reckoned  at  the  rate  of 
500  kilogrammes  the  lineal  metre.  With  these  hypotheses,  we  can  adopt,  according  to  the  various 
lengths  of  bearing  and  the  height  to  be  given  to  the  girder,  the  double  |  sections  of  Table  IV.,  in 
which  /  denotes  the  bearing,  M  the  maximum  moment  of  rupture,  and  h  the  height  of  the  girder. 
As  we  have  done  in  the  Table  of  the  moments  of  resistance,  so  in  this  we  describe  a  section  by 
indicating,  first  the  dimensions  of  the  vertical  rib,  then  those  of  one  of  the  four  angle-irons,  and 
last,  when  there  is  occasion  for  it,  those  of  one  of  the  flanges ;  for  these  latter,  we  give  also  the 
length,  which  in  secondary  girders  of  more  than  3  metres  may  be  considerably  less  than  the  bearing, 
for  these  horizontal  plates  must  be  regarded  as  simple  additions  made  for  strength.  When  the 
length  is  omitted,  it  is  understood  to  be  equal  to  that  of  the  angle-irons.  The  letter  P  denotes  the 
mean  weight  of  the  girder  a  lineal  metre,  having  taken  into  account  the  reduction  in  the  length  of 
the  strengthening  portions,  and  the  cutting  away  of  the  angle-irons  at  the  ends  of  the  girder,  where 
the  vertical  rib  alone  is  retained  to  be  fixed  to  vertical  flanges  in  the  cross-girder.  These  vertical 
flanges  are  not  reckoned  here,  because  we  consider  them  as  forming  a  part  of  the  cross-girder. 
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In  sections  consisting  only  of  a  rib  and  angle-iron,  the  latter  should  offer  a  broad  surface  to  the 
balks  of  timber  carrying  the  rails ;  it  will  sometimes  be  advisable  to  substitute  unequal-armed 
angle-iron  for  equal-armed,  care  being  had  to  preserve  nearly  the  same  weight :  the  resistance 
will  be  increased  by  the  change,  but  if  this  condition  is  already  amply  satisfied,  we  need  alter 
only  the  top  angle-irons.  In  a  bridge  hereafter  described,  we  have  secondary  girders  reaching 
a  length  of  bearing  equal  to  6  metres.  The  mean  weight  of  each  of  these  is  about  110  kilogrammes 
the  lineal  metre 

21.  When  the  height  allowed  is  very  limited,  hollow  girders  in  the  form  of  caissons  are  some 
times  used.  This  form  is  less  economical  than  that  of  the  double  "|~,  but  it  is  favourable  to  the 
reduction  of  the  thickness  of  the  flooring  without  diminishing  the  necessary  thickness  of  the 
timbers.  Figs.  1591,  1594,  1595,  give  an  example  of  this  arrangement.  Other  sections  suitable 
for  bearings  of  lm  •  50  to  2™  •  50  are  found  in  Figs.  1587  to  1590.  It  is  useless  to  consider  longer 
bearings  than  these,  for  when  the  height  is  very  limited  the  cross-girders  should  not  be  placed  far 
apart. 
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1588. 


1589. 


For  a  bearing  of  lm-  50. 


"^i  ir~"   * 

n»»*ri  U         • 

to     I* — jW».— »»       ^ 

k     to**,     I       * 

^jL-^-Jl — L- 


Hollow  Minor  Girders.     Scale,  0  •  05. 
For  a  bearing  of  2mi  00. 


For  a  bearing  of  2m  •  500. 


86k  am. 


100k  a  m. 


91k  am. 


107k  a  m. 


1591. 


Three-girder  Bridge,  loaded  on  the  lower  part. 
Very  low  cross-girders.     Distance  apart,  lm'500. 
Weight  a  lineal  metre  of  1  rf  ^   c         ird          975k  ^ 
flooring  under  two  lines       f  ft   ~ J      d       3?5k  1 135C 

oirails      J 

I 

\t——/JBO. 


r 


1692. 


Three-girder  Bridge,  loaded  on  the  lower  part. 
Height  a  little  less  limited.     Distance  apart,  2™  •  000 

Weight  a  lined  metre  of  |  rfflw  cro8S.girder8f  68Q*  \ 
floorrng  under  two  lines     rf  ^  lesser  bgirders>  280k  )  9( 
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High  Cross-girdera.    Distance  apart,  4m'00. 

Weight  a  liwdmfctre  of  flooring  under  two  /  of  the  cross-girders,  310M  63()k 
line»ofi*iU \  of  the  minor  girders,  320*  J 


70/70 
A,  angle-iron  on  one  side  only  to  stiffen  the  rib  — — — 


1594. 


Details,  to  a  scale  of  0-05. 


1585. 


Hollow  girder  of  93k  the  metre. 


1596. 
Minor  girder. 


1597. 
Cross-girder. 


Length  of  the  1st  plate  of  the  flanges,  3m'40. 
2nd        „  „       3-00.. 

3rd  2""  50. 


1598. 


When  the  thickness  will  allow  us  to  give  a  height  of,  at  least,  Om'350  to  the  cross-girders,  we 
may  adopt  the  double  T  form  for  the  longitudinal  girders. 

22.  Crost-girden  for  Bridges  of   Three  Girders. — Figs.  1591  to  1598  represent  various  kinds. 
When  the  height  allowed  is  very  limited,  the  distance  of  the  cross-girders  apart  should  be  reduced 
to  about  1™  •  50.    It  will  be  useless  to  go  lower  than  this,  for  we  should  still  have  to  consider  the  cross- 
girder  as  loaded,  in  a  line  with  each  rail,  with  one  wheel  of  the  locomotive.    In  these  cases,  the 
principal  girders  should  be  placed  as  near  together  as  possible,  in  order  to  diminish  the  bearing  of 
the  cross-girders.    Taking  their  distance  apart  equal  to  4m-20,  as  in  Figs.  1591,  1594,  1595,  the 
length  of  the  cross-girder  will  be  4  metres,  its  actual  bearing  being,  in  consequence  of  the  projecting 
of  the  gussets,  3m  •  GO.    Under  these  circumstances,  the  height  of  the  cross-girder  may  be  reduced 
to  0™' 220,  as  in  the  figure ;  its  weight  is  about  730  kilogrammes,  including  its  two  gussets ;  the 
croas-irirders,  therefore,  will  weigh  975  kilogrammes  the  lineal  metre  of  flooring  under  two  lines 
of  rails. 

For  a  height  of  0"  250,  we  may  take  a  rib  of  210/10  millimetres,  angle-irons  of  110/70/11,  and 
flanges  of  270/20  composed  of  two  plates,  one  extending  over  a  length  of  3m  •  50,  and  the  other  over 
2"  •  70  only.  The  weight  of  the  cross-girders  will  be  reduced  to  830  kilos. 

It  will  be  brought  down  to  715  kilos.,  if  we  can  take  a  section  of  Om-300  in  height,  composed 
of  a  rib  of  260/12,  angle-irons  of  70/70/10,  and  flanges  of  220/20,  the  first  plate  of  which  should 
extend  3" -50  and  the  other  2m-70. 

Again,  this  same  weight  will  be  reduced  to  640  kilos,  for  cross-girders  of  Om*350,  the  rib  being 
330/10,  the  angle-irons  80/80/10,  and  the  flanges  250/10  throughout  a  length  of  3  metres. 

23.  But  generally  we  shall  follow  the  example  given  in  Figs.  1592,  and  1596  to  1598,  in  which 
the  chief  girders  are  placed  at  a  distance  of  4m-50  apart.    In  this  case  the  space  between  the  two 
lin«a  of  rails,  known  as  the  "six-feet  way,"  is  increased  to  3  metres  at  each  end  of  the  bridge,  in 
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order  to  keep  clear  of  the  middle  girder.  The  length  of  the  cross-girders  is  4m>30,  and  they  may 
be  regarded  as  simply  resting  upon  two  supports,  the  actual  bearing  being  about  4m<10.  The 
rolling  load  acts  in  two  distinct  points,  in  a  line  with  each  rail,  and  we  may  suppose  the  dead 
weight  to  act  in  the  same  manner.  The  moment  of  rupture  will  be  equal  to  1  -30  P,  the  letter  P 
denoting  the  maximum  total  weight  acting  in  a  line  with  each  rail.  This  weight  increases  with 
the  distance  between  the  cross-girders ;  and  if  we  consider  the  case  of  locomotives  carrying  10  tons 
per  axle,  with  a  distance  of  lm  •  10  between  thq  axles,  or  carrying  12  tons,  with  a  distance  of 
lm-40  and  lm-90,  we  may  allow  the  following  values  of  P :— 


Metres. 

Metres. 

Metres. 

Metres. 

Metres. 

Metres. 

Metres. 

Metres. 

Distance  apart  of  cross-girders 

1-50 

2-00 

2-50 

3-00 

3-50 

4-00 

4-50 

5-00 

Portion  of  P  due  to  the  dead} 
weight   / 

Kilos. 
1700 

Kilos. 
2000 

Kilos. 
2100 

Kilos. 
2300 

Kilos. 
2500 

Kilos. 
2800 

Kilos. 
3100 

Kilos. 

3500 

Portion  of  P  due  to  the  rolling\ 
load        / 

7600 

9500 

10600 

11400 

12300 

13000 

13600 

14000 

Total  value  of  P      

9300 

11500 

12700 

13700 

14800 

15800 

16700 

17500 

We  are  thus  able  to  form  a  Table  (see  Table  V.)  in  which  M  denotes  the  maximum  moment  of 
rupture.  The  weights  include  the  vertical  flanges  by  means  of  which  the  lesser  girders  are  fixed 
to  the  cross-girders,  and  the  triangular  gussets  by  means  of  which  the  latter  are  fixed  to  the  principal 
girders.  On  the  other  hand  we  have  deducted  the  portions  of  angle-iron  or  horizontal  plates,  which 
are  removed  towards  the  ends  of  the  cross-girders. 

24.  Cross-girders  for  Two-girder  Bridges. — Exemplars  of  these  are  given  in  Figs.  1599  to  1604.  The 
total  length  of  the  cross-girder  is  supposed  equal  to  8  metres,  and  we  may  admit  7m>80  as  the 
actual  bearing.     The  .  „„,, 

maximum  moment  of  f 
rupture,  between  the 
inner   rails,   will    be 
4-30  P,  when  the  two 
lines   are  simultane- 
ously loaded,  whilst  it 
will  be  only  2'70P 
in  the  case  of  one  line 
being    loaded.       We 
may  reckon  the  mean 
5 '  50  P  as  equal  to  the  ! 
moment  of  resistance  I 
B  =  6000000.        By  | 
this  means  we  shall  •?» 
obtain   cross  •  girders  j 
supporting  generally 
a  strain  of  4' 5  kilos, 
the  square  millimetre, 
omitting   the  excep- 
tional  case   of   both 
lines    being     loaded 
simultaneously,  when 
the  strain  may   rise 
to  7' 5   kilos.    In   a 
line  with  the  exterior 
rails,   the   mean   mo- 
ment  will  be  2-40  P. 
Table  VI.  gives  a 
certain  number  of  sec- 
tions for  various  distances.     The  weights  include  all  accessories. 

25.  Vertical  Tmswj. — When  the  girders  of  a  bridge  are  very  high  and  their  flanges  cornTflrn- 
tively  narrow,  they  are  liable  to  incline  or  sag  from  one  side  to  the  other,  especially  if  they  ar 
loaded  on  the  upper  part.     If  the  direction  of  the  sagging  is  different  at  the  two  ends  of  ti.o 
girder,  a  strain  of  torsion  is  produced,  which  changes  the  plane  of  the  vertical  rib  into  an  oblique 
surface.     The  principal  object  of  vertical  trussing  is  to  counteract  these  efl'ects  of  gagging.     T)  o 
strain  borne  by  these  pieces  is  caused  l>y  the  motion  of  the  trains,  which  produces  lateral  oscilla- 
tions, or  by  the  di  flections  which  occur  in  the  flange  subject  to  compression.    But  it  is  often 
needful  to  strengthen  the  oblique  pieces  of  the  tnm.-verse  section,  because  ihey  may  pom    n- 
supports  to  the  cross-girders,  of  which  arrangement  Figs.  1005  to  1611  and  Figs.  1580  to  15s")  an- 
examples. 

The  object  of  vertical  trussing  cannot  be  to  equalize  the  deflections  of  the  several  girders  in 
cases  when  these  girders  may  be  unequally  loaded,  for  in  such  cases  tin-  deflections  must  of 
necessity  differ:  it  could  be  prevented  in  jxirt  only  by  means  of  very  strong  pieces,  and  there 
would  then  result  a  strain  of  torsion.  Yet,  when  the  girders  are  high  and  rigid,  the  deflections 
are  so  inconsiderable  that  the  vertical  trussing  does  ofl'er  some  resistance,  because,  by  its  elas- 
ticity, it  adapts  itself  sufficiently  to  the  different  curves  which  the  girders  assume  under  the 
rolling  load.  Between  two  girders  equally  loaded,  such  as  two  girders  supporting  directly  the 
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Two-girder  Bridge,  loaded  on  the  lower  side. 
Cross-girders  of  Om'60  in  height,  and  2m  apart. 
Weight  of  the  cross-girder  with  gusset  A,  1740k. 

Weight  a  lineal  metre   (  of  the  cross-girders,   870k  )  1  05(jk 
of  flooring     .  .      .  .   \  of  the  minor  girders,  180k  / 

Scale,  0-02. 
j 
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nib  of  one  line,  thea* 
strain*  do  not  exist. 
In  four-girder  bridge! 
under  rails,  if  the 
height  be  inconrfde*- 
ftl.l--,  it  will  be  suffl- 
•  to  simply  tie  the 
two  line* 

96.  JforiamtalTnu- 
sty.  —  One  use  of 
borixonUl  trowing  is 
to  prevent  lateral  vi- 
bration, and  in  order 
to  effect  this  in  the 
moot  complete  manner 
the  trussing  should 
be  placed  as  near  the 
plane  of  the  rails  as 
possible.  Another  use 
of  this  kind  of  trus- 
ting is  to  form,  with 
the  aid  of  the  cross- 
girders,  a  resisting 
plane  which  shall  pro- 
Tent  the  girder  from 
twisting  under  the 
torsive  strain  of  the 
compressed  flange. 
From  this  point  of 
vi«  w  the  trussing 
should,  when  possible, 
bind  together  the 
compressed  flanges  of 
the  several  girders. 
When  the  bridge  is 
loaded  on  the  upper 
part,  a  top  trussing 
wOl  satisfy  the  double 
condition.  In  tubular 
bridges  loaded  on  the 
lower  part,  an  upper 
and  a  lower  trussing 
will  be  necessary. 
And  in  bridges  of 
girders  loaded  on  the 
lower  side,  a  top  trus- 
sing being  impossible, 
we  can  have  only  a 
lower  one,  but  care 
should  be  had  to  pre- 
vent the  twisting  of 
the  girders  by  widen- 
ing their  top  flanges 
and  the  upright  stays 
which  serve  to  stiffen 
them. 

The  trnssings  or 
bracings  act  in  the 
same  way  as  horizon- 
tal lattice-bars,  but 
the  strains  to  which 
they  are  subject  are 
of  a  capricious  nature 
that  eludes  calcula- 
tion They  are  usu- 
ally formed  of  bars 
of  a  uniform  dimen- 
sion throughout  the 
whole  length  of  floor- 
ing :  but  in  important 
works  it  may  be  ad- 
visable to  strengthen 
the  bars  near  the  sup- 
ports, especially  if  the 
line  be  curved  upon 


1800. 

Two-jirder  Bridge,  loaded  on  the  lower  side. 

Crocs-girders  of  la  in  height,  and  4m  apart. 

Weight  of  one  cross-girder,  1620k. 

Woipht  a  lineal  metre  (  of  the  crow-girders,    410M-.,nk 
of  Hooring       . .      . .  \  of  the  minor  girders,  320k  /   " 

Scale,  0-02. 


160L 
Girder  with  broad  gussets. 


1604. 

Joint. 
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1605. 


Three-girder  Bridge,  loaded  on  the  upper  side. 

Height  of  girders,  2m. 
Distance  apart  of  the  cross-girders  and  consoles,  2m'500. 


1606. 


Two-girder  Bridge,  loaded  on  the  upper  side. 
Height  of  girders,  3m.         Distance  apart  of  the  cross-girders  and  consoles,  3m*000.        Scale.  0*03. 


780 

the  bridge,  which  may  be  the  ease 
in  ft  certain  degree  when  the  prin- 
cipal girders  are  straight.  The 
Motion  of  the  iron  is  usually  flat, 
became,  of  the  two  diagonals  form- 
ing a  Saint  Andrew  cross,  there  is 
always  one  which  resists  tension, 
whiUt  the  proas-girders  serve  as1 
compression-ban  ;  besides,  the  com- 
pressed diagonal  does  not  remain 
quite  inactive  when  it  is  fixed  in 
several  points  throughout  its  length, 
as  is  usually  the  case.  When,  on 
the  contrary",  the  bars  are  loft  tr.o 
throughout  a  considerable  length, 
it  i-  pr.f.niblo  to  make  them  of 
T-iron,  to  avoid  yielding. 

In  bridges  of  small  span  —  of 
leas  than  25  metres,  for  example 
—the  breadth  of  the  flooring  is  a 
large  fraction  of  the  length,  and 
the  trussing  may  be  omitted,  be- 
cause the  rigidity  of  the  flooring 
itself  oflers  a  sufficient  resistance 
to  transverse  oscillations. 

For  a  bridge  loaded  on  the 
upper  part,  Figs.  1612,  1613,  and 
Figs.  1580  to  1585,  the  horizontal 
trussing  may  weigh,  according  to 
the  span,  from  50  to  90  kilo- 
grammes the  lineal  metre  of  floor- 
fag  under  two  lines  of  rails  (bars  of 
160/12  to  200/16  millimetres),  in- 
cluding the  gussets. 
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Road  Bridge. 

Roadway,  4m ;  footway,  lm. 
\Yide  span,  with  unlimited  height.     Scale,  0'02. 

-£.000--- •) 


Cross- 
girder 
without 
strut. 


1608. 

Road  Bridge. 

Wide  span,  with  unlimited  height. 


Scale,  0'02. 


The  horizontal  plates 
only  extend  over 
a  length  of  5°"  40. 
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For  a  three-girder  bridge, 
loaded  on  the  lower  part,  we 
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1609. 

Road  Bridge. 
Wide  span  and  unlimited  height.    Scale,  0  •  01 


bridge,  loaded  on  the  lower 
side,  from  50  to  100  kilo- 
grammes. Tubular  bridges 
absorb  the  lineal  metre,  from 
130  (two  -girder  bridges)  to 
160  kilogrammes  (three-girder 
bridges)  and  above,  for  their 
double  trussing  or  cross-brac- 
ing, which,  added  to  their 
great  breadth,  gives  them  a 
transverse  rigidity  greater 
than  bridges  of  an  equal 
span  loaded  on  the  upper  part, 
and  having  corbels,  could 
possess. 

In  ordinary  road  bridges 
the  horizontal  cross-bracing 
may  be  considerably  inferior 


1612. 


lour-girdcr  Eailway  Bridge.    Height  of  girders,  4m.    Scale,  0'  03. 


Cross-bracing  about  50k  a  metre 
of  flooring. 
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in  strength  to  that  required  for  railway  bridges.    Flat  bare  of  100/12  are  in  general  amply 
sufficient. 

27.  In  cases  when  the  height  allowed  is  unlimited,  the  lines  of  rails  may  rest  upon  the  upper  part 
of  the  girders.  When  the  span  is  inconsiderable  we  shall  have,  generally,  four  principal  girders, 
supporting  directly  the  rails,  as  In  Figs.  1612  to  1614 ;  for  in  such  cases  the  other  pieces  serve  only 


1614. 


Four-girder  Railway  Bridge. 
Height  of  girders,  lm  •  50.    Scale,  0  •  03. 


_*.- 


1615. 


Two-girder  Railway  Bridge,  loaded  on  the  upper  side. 
Girders  of  moderate  height.     Scale,  0*02. 


to  tie  the  girders,  and  may  be  of  small  dimensions.  But  when  the  span  is  great,  the  saving  in  the 
8®cond*JT  pieces  should  be  sacrificed  in  favour  of  the  more  important  saving  which  may  be 
effected  by  reducing  the  number  of  the  principal  girders.  One  girder  costs  less  than  two  that  are 
only  half  loaded,  and,  besides,  this  one  girder  will  be  subject  to  the  full  strain  only  in  the 
iSSptl0na-1  °ase  °f  tW°  train8  c1088111^  the  bridge  simultaneously.  Figs.  1580  to  1585,  and  Figs. 
•06,  161o,  1616,  1617,  give  examples  of  bridges  of  two  girders  of  various  heights,  and,  con- 
sequently, applicable  to  bridges  of  small  and  great  span.  Between  two-girder  and  four-girder 
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1616. 


Bolting  of  the  sleepers 
upon  the  girders. 


bridges  are  those  of  three  girders,  Figs.  1605  and  1618  to  1620,  which  require  strong  cross- 
girders,  but  less  important  than  those  of  two-girder  bridges. 

When  the  height  allowed  is  limited,  the  load  is  placed  upon  the  lower 
part  of  the  girders;  in  auch  cases  the  girders  form  the  sides  or  parapets  of 
the  bridge  when  they  are  not  very  high,  and  when  their  height  is  great, 
advantage  is  taken  of  the  circumstance  to  tie  them  on  the  upper  part ;  this 
latter  arrangement  constitutes  the  tubular  system.  Figs.  1591  to  1598  are 
examples  of  three-girder  bridges  constructed  according  to  the  first  method, 
and  Figs.  1621  to  1624  are  examples  respectively  of  tliree-girder  and  two- 
girder  tubular  bridges.  In  the  various  kinds  of  bridges  loaded  on  the 
lower  part,  we  distinguish  again  those  in  which  the  height  of  the  cross- 
girders  is  limited,  and  those  in  which  this  height  is  great,  for  this  is  of 
considerable  importance  when  we  regard  the  weight  of  the  minor  and  cross 
girders.  For  example,  in  Figs.  1591,  1594,  1595,  in  which  the  cross-girders 
have  a  height  of  0-220  metre,  this  weight  reaches  1350  kilogrammes  the 
lineal  metre  of  flooring  under  two  lines  of  rails ;  whilst  in  Fig.  1593,  with  a 
height  of  0  •  850  metre,  it  is  reduced  to  630  kilogrammes.  A  limited  thick- 
ness obliges  us  to  increase  the  number  of  cross-girders,  and  induces  us  to 
give  the  preference  to  three-girder  rather  than  to  two-girder  bridges. 

Regarded  from  the  point  of  view  of  tying  the  principal  girders,  the  dis- 
tance between  the  cross-girders  will  be  determined  by  the  transverse  rigidity 
of  the  former.  Girders  with  narrow  flanges  may  need  to  be  tied  every 
2  metres,  or  2-50  metres;  whilst  in  large  bridges,  provided  the  cross-girders 
be  strong  and  firmly  fixed,  they  may  be  placed  4  metres  apart  and  even  more. 

Three-girder  Railway  Bridge,  loaded  on  the  upper  side. 
Height  of  girders,  5m.     Distance  between  cross-girders,  3m>000.     Scale,  O'Ol. 
1618.  1619. 


1617. 


1.  Loaded  on 
the  upper  side. 


2.  Loaded  on 


28.  The  weight  of  the  various  parts  beside  the  principal  girders  may  be  taken  generally  as 
follows : — 
Weight  of  the  parts  beside  the  chief  Girders  and  the  horizontal  Trussing,  the  lineal  metre  of  flooring 

under  two  lines  of  rails. 

/Distance  between  cross-girders,  2  mfctres:  320  to  450  kilogrammes, 
according  as  the  height  of  the  girders  varies  from  1-50  to  4 '00 
Four-girder          metres ; 

bridges.     \  Distance  between  cross-girders,  3  metres :  260  to  350  kilogrammes, 
according  as  the  height  of  the  girders  varies  from  1  '50  to  4'00 
metres ; 
Three-girder  bridges :  460  to  800  kilogrammes,  according  as  the  height  vanes 

from  2  to  5  metres  ; 

Two-girder  bridges :  540  to  920  kilogrammes,  according  as  the  height  vanes  from 
<•      3  to  8  metres ; 
•Three-girder  bridges :  960  to  630  kilogrammes,  according  as  the  height  of  tne 

cross-girders  varies  from  0435  to  0'85  metre; 

Three-girder  bridges;  1050  to  730  kilogrammes,  according  as  the  height  < 
i     i        cross-girders  varies  from  0'60  to  I'OO  mi  tn  : 
lde-    Three-girder  tubular  bridges:  1050  to  730  kilogrammes  with  cross-girders  . 

0-35  to  -80  metre; 
Two-girder  tubular  bridges ;  900. 
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We  omit  those  exceptional  cases  of  bridges  loaded  on  the  lower  part,  in  which  the  height 
allowed  IB  w>  limited  &a  to  render  necessary  very  expensive  arrangements. 

1621. 
Three-girder  Tubidar  Bridie.     Sonic.  0-01. 


/ 


.  i 


y.xo*  ----  4  ---  1 


----  J-  --  /• 


Jfr- 

* 


; +-,*00— 


I 

LI 


Top  cross-bracing. 


1622. 


Bottom  cross-bracing. 

l^    III          I    \ 


29.  The  planking  of  railway  bridges  is  composed  of  planks  0-06  or  0'07  metre  thick.    The. 
longitudinal  timbers  supporting  the  rails  are  0'13  or  0'15  thick  by  0' 25  or  0' 30  broad.     As  the 
calculation  of  the  timbers  can  be  always  easily  made,  it  is  useless  for  us  to  consider  it  here. 
Generally  we  shall  have  from  (0'60)3  to  (O'TO)3  metre,  the  lineal  metre  of  flooring  under  two 
lines  of  rails. 

30.  For  ordinary  road  bridges  we  prefer  wood  in  the  construction  of  the  flooring  to  corrugated 
iron,  because  with  wood  we  may  place  the  beams  farther  apart,  which  is  a  more  economical 
arrangement.    It  is  true  that  the  wood  will  require  to  be  sooner  renewed,  but  that  is  a  labour 
which^  is  readily  executed,  even  without  interrupting  the  traffic.    In  Figs.  1607  to  1625,  the 
planking  is  0-07  metre  thick,  and  is  covered  with  a  boarding  0'03  metre  thick  which  serves  the 
double  purpose  of  protecting  the  planking,  and  of  increasing  its  power  of  resisting  by  preventing 
a  single  plank  from  yielding  beneath  the  weight  of  the  wheel  of  a  vehicle.    The  planking  rests 
upon  joists  0-250  metre  deep  by  0-125  metre  broad,  placed  at  distances  of  0-375  metre  apart. 
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Cross-bracing  in 


1623. 

Two-girder  Tubular  Bridge. 
-    Cross-girder  with  vertical  gussets,  660k  .    Scale  O'Ol. 


ij  -----  f.SOO-  ----  *  ------  l.OOO  ----  4  ---  1.500   --  x  ---  /.€OO 


f 
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1624. 


Upper  cross-bracing. 


Lower  cross-bracing  above  the  cross-girders. 


When  corrugated  iron  is  employed, 
it  may  be  0-003  metre  thick  for  a  dis- 
tance of  1-40  metre  between  the  cross- 
girders,  the  ridges  being  0*080  metre  in 
height  and  having  a  mean  breadth  of 
0-160  metre ;  but  this  iron  does  not  resist 
well  unless  it  is  covered  with  a  sxifflciently 
thick  layer  of  earth  to  prevent  the  wheels 
from  concentrating  their  action  upon  a 
single  ridge. 

There  yet  remains  for  very  important 
works  the  heavy  but  indestructible  system 
of  brick  arches,  springing  from  iron  beams. 
But  our  purpose  is  only  to  study  the  most 
economical  arrangements. 


MJW. 


1635. 

Road  Bridge, 
,  4m ;  footway,  lm.     Small  span. 

Scale,  0-02. 
x r.ott -* 
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31.  The  planking  of  the  above-mentioned  figures,  cubes  a  square  metre,  or  hai  as  its  reduced 
thickness  0  !*:>  iin  tr.\  With  this  planking,  the  proper  distance  between  the  cross-girders  is  1-80 
mi  tre.  We  may  consider  the  cross-girders  as  subject  to  a  maximum  weight  of  1000  kilogrammes 

1626. 
Road  Bridge. 


r.oulwny,  10»;  footway,  2™. 

\Vi>le  sj<in  and  limited  height. 

Scale,  0-01. 


the  lineal  metre  (the  layer  of 
earth  varying  from  0'15  to 
0'25  metre),  and  to  an  acci- 
dental load  of  two  wheels, 
each  exerting  a  pressure  of 
3  tons,  placed  1'50  metre 


1627. 


Roadway,  4" 


Road  Bridge. 
footway,  lm.     Upper  cross-girder  for  tubular  bridge. 


1.000 -x* -£,000 7,l 


apart,  and  in  the  most  un- 
favourable position,  which 
gives  the  moment  of  rupture 
expressed  by  the  formula  in 
10.  When  the  bearing  of  the 
cross-girder  exceeds  4  metres, 
we  must  consider  the  case 
of  two  heavy  vehicles  passing 
in  opposite  directions.  The 
wheels  may  vary  in  respective 
position,  but  as  the  oallast 
serves  to  distribute  the  pres- 
sure, we  shall  admit  that 
the  total  weight  of  12  tons 
for  the  four  wheels,  simul- 
taneously situate  upon  the 
cross -girder,  is  distributed 
uniformly  throughout  its 
length.  Table  VII.  gives 
for  these  conditions,  some  sec- 
tions ready  calculated.  The 
weights  include  gussets  simi- 
lar to  those  in  the  figures 
already  referred  to,  and  sup- 
pose that  the  distance  be- 
tween the  girders  exceeds  by 
0  •  40  metre  their  bearing. 

Cross-girders  of  more  than 
8  metres  will  generally  be 
divided  in  their  length  by 
one  or  more  of  the  principal 
intermediate  girders. 

32.  The  figures  referred 
to  in  30  represent  bridges  of  three  different  breadths : — 

6  metres,  composed  of  4  metres  of  roadway  and  two  footways  of  1  •  00  metre  each 
I?      »  »  7      „•  „  „  „  1-50 

"      »  »  10      »  „  „  ,,  2-00 

And  for  each  of  these  breadths  we  may  distinguish  the  cases  of, — 1,  small  span,  which  requires 
only  a  moderate  thickness  between  the  level  of  the  road  and  the  under-side  of  the  girders; 
2,  wide  span  with  unlimited  height ;  and  3,  wide  span  with  limited  height.  This  gives  occasion 
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for  nine  different  transverse  sections,  or  rather  for  twelve,  for  Figs.  1626  to  1630  are  doable  and 
represent  either  girders  loaded  on  the  lower  side  or  tubular  bridges.    Cross-girdera  Bupportintr 
the  road  are  always  placed 
1-80  metre  apart;  but  cross- 


1629. 


girders  used  only  as  tie- 
beams,  struts,  and  braces, 
are  placed  only  at  double 
intervals.    In  Figs.  1607  to  ~T 

'OH 

way,  7m  ; 

Road  Bridge. 
footway,  1™  •  50.     Upper  crosa-girder  for  tubular  bridge. 

,0      f 

out    of   every    two   cross- 
girders  untrussed  ;  but  the 

^^ 

'i 

want  of   this    is   compen- 

sated by  an  additional  plate 

in  the  flanges.     In   Figs. 

1608,  and  1626  to  1630,  the 

cross  -  girders,    which    are 

very 

long,  are  held  in  the 

middle  of  their  length  by 

longitudinal  bars  in  double 

"|~-iron  of  20  kilogrammes 

to  the  lineal   metre.      In 

bridges  of  a  rather  wide   ~* 

If 

•• 

1030. 

epan 

we  add  a  horizontal    \ 

I 

cross-bracing  of  flat  bars  of  [ 

1 

100/12    millimetres,    and    | 
which,  when  fixed  to  the    j 

Wide  span  and  limited  height 

\ 
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cross-girders,  serves  to  prevent  their  lateral  deflection.    Tubular  bridges  require  the  cross-bracing 
both  on  the  upper  and  the  lower  side. 

The  following  Table  gives  the  weight  of  iron  the  lineal  metre  of  flooring,  not  including  the 
principal  girders,  for  each  of  the  transverse  sections  referred  to  above  : — 

Kilogrammes. 
Small  span        840 


Flooring, 

6  metres 

broad. 


Flooring, 

10  metres 

broad. 


Wide  span,  with  unlimited  height  (girders  3 '50  metres  high) 

„         with  limited  height  (girders  loaded  on  the  lower  side) 
„  „  (tubular  bridge)      

Small  span  

Wide  span,  with  unlimited  height  (girders  4 '50  metres  high) 

„          with  limited  height  (girders  loaded  on  the  lower  side) 
„  „  (tubular  bridge) 

Flooring   (  ^mft^  8Pan        

14  nT-tres  I  ^"*e  8Pan>  wi*h  unlimited  height  (girders  5. metres  high)     .. 
i     '                     „          with  limited  height  (girders  loaded  on  the  lower  side) 
•*•".   I        -J  „  (tubular  bridge)     


460 
430 
535 
430 
810 
835 
985 
745 
970 
1260 
1500 


Those  kinds  which  are  applicable  to  wide  spans  admit,  in  the  case  of  unlimited  height,  of 
truss-bars,  the  length  of  which  increases  with  the  height  of  the  girders :  it  is  for  this  reason  that 
we  have  indicated  the  particular  height  for  which  the  calculation  has  been  made. 

The  weight  includes  the  cross-bracing  adopted  in  the  cases  of  wide  span  ;  it  includes  also  the 
parapets  of  30  kilogrammes  the  lineal  metre,  except  in  those  cases  in  which  the  girders  themselves 
form  parapets. 

33.  Loads  applicable  to  the  principal  Girders. — Proportion  between  the  Span,  the  Bearing,  anrl  the 
total  Length. — Bearing-rollers. — A  girder  of  a  considerable  bearing  is  always  calculated  on  the 
hypothesis  that  the  loads  are  uniformly  distributed,  namely  : — 

1.  A  permanent  load  of  p  kilogrammes  the  lineal  metre,  throughout  the  whole  length. 

2.  An  accidental  load  of  p'  kilogrammes  the  lineal  metre,  throughout  a  certain  length  of 
the  bearing. 

3  E  2 
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jfxwfe  p  and  ;>'  applicant  to  Raihoay  Bridges. — Sometimes  tho  drnd  weight  p  is  purposely 
inwaawi  by  mean*  of  a  thick  layer  of  onrth  or  ballast,  for  tho  purpose  of  deadening  tho  vibrations 
,,.,..)  \,\  ;  .  :  I!:-.-  I.  :. •!.••':  this  I"  -i.l .  .-.  :sll.-\\s  us  in  m:ike  the  liii.-s  of  r;iils  in.  Impendent  of  tho 
flooring,  by  placing  them  upon  sleepers  not  fixed  to  the  metal  part  of  the  bridge.  But  this  is  an 
exceptional  arrangement ;  usually  tho  dead  weight  of  tho  indispensable  parts  is  reduced,  for  tho 
reason  that  tho  iron  is  enpablo  of  resisting  the  vibrations  which  arc  produced  by  tho  passage  of 
the  trains,  when  the  girders  arc  calculated  for  a,  strain  of  6  kilogrammes  the  square  millimetre.  An 
increase  of  tho  ix-mmm-nt  load  may  no  doubt  bo  favourable  to  the  power  of  resistance  in  tho 
material,  but  if  it  bo  adopted,  it  will  only  bo  logical  to  take  for  R  a  greater  value  than  6000000, 
for  it  i*' acknowledged  that  this  coefficient  offers  perfect  security  in  cases  in  winch  tho  vibrations 
are  exerted  in  the  usual  manner.  At  any  rate,  wo  shall  suppose  only  a  thin  layer  of  ballast  to 
protect  tin1  plunking  from  the  burning  coals  dropped  by  the  engine. 

By  adding  tho  weight  of  tho  rails,  of  the  timber,  and  tho  various  pieces  of  the  flooring,  we  may 
take  as  tho  average  the  lineal  metro  of  each  of  tho  chief  girders,  not  including  its  own  weight,  tho 
following  permanent  loads : — 


Bridges  loaded 

I'M  the 
upper  part. 

Bridges  loaded 

on  the 
npper  part. 


of  4  girders :  p,  =  500  to  600  kilogrammes. 
of  3      „  800 

of  2      „  1200 

(outside  girders :  800  to  700  kilogrammes,  according  as  tho  thick- 
ness is  great  or  otherwise, 
middle  girder :  1700  to  1400  kilogrammes,  according  as  the  thick- 
ness is  great  or  otherwise, 
of  2  girders :    1400  kilogrammes. 

To  obtain  p,  we  must  add  to  j»,,  given  above,  tho  weight  pt  of  tho  girder  itself  a  lineal  metre,  a 
weight  which  it  is  of  small  consequence  to  know  exactly,  and  which  may  be  corrected,  if  it  bo 
deemed  necessary,  by  a  second  calculation.  When  we  wish  to  obtain  only  the  net  value,  we  may 
get  rid  of  the  weight  pv  by  remarking  that  in  general  the  weight  of  the  girder  a  lineal  metre  is, 
at  least  in  tho  greater  part,  proportional  to  (p+p")  1.  Supposing,  then,  p2  =  D  (p,  +  pt  +  p')  I, 

wo  obtain  pt  =  —         .^     ;  or  by  making  D  (  pl  +  p")  I  =  ps ,  pt  =  —?-± — ,- — - ;  we  can,  therc- 

pt  —  ID  Pi  +  P  —Ps 

fore,  deduce  the  weight  pv  found  from  tho  weight  /?3,  which  is  obtained  by  neglecting  in  the  dead 
weight  tho  weight  of  the  girder  itself.  Tho  result  will  not  be  strictly  true,  because  the  proportion 
q  of  the  rolling  load  to  tho  total  load  is  increased  by  the  reduction  of  the  latter  ;  but  the  error  ia 
small,  7  having  but  a  slight  influence  except  upon  a  few  lattice -bars. 

34.  Let  us  now  consider  the  moving  load  p'. 

An  engine  with  its  tender  may  be  placed  upon  a  bridge  of  10  metres,  and  if  the  weight  amounts 
to  60  tons,  we  shall  have  6000  kilogrammes  the  lineal  metre  for  one  line  of  rails,  admitting,  as  wo  may 
for  this  length  of  span,  that  the  load  produces  nearly  tho  same  effect  as  it  would  do  if  uniformly 
distributed. 

Beyond  a  span  of  60  metres,  we  always  suppose,  in  calculations,  a  load  of  4000  kilogrammes. 

Between  10  and  60  metres,  this  assumed  load  should  vary  as  follows: — 

Spans =      10,      20,      30,      40,      50,      60  metres,  and  above. 

Load  P'(for  a  single  line)  =  6000,  5000,  4600,  4300,  4100,  4000  kilogrammes. 

A  girder  may  have  to  support  two  rails,  one  rail,  or  a  fraction  of  a  rail,  according  to  the  system 
of  flooring.  Tho  following  Table  gives  the  necessary  information  regarding  this  matter,  omitting 
altogether  rails  which  are  not  loaded. 


Number  of  Hails 
supported  by  1  Girder. 


Iof  4  girders 
en      •    i 
of  3  girders 
•  -• 
of  2  girders 

Bridge   loaded  (    -  „    .  , 
on  the         M  3  girders 

under  side.      |  of  2  girders 

When  botb 
Lines  are 
Loaded. 

When 
1  Line  ia 
Ix-aded. 

rail. 
1 
f 

I 

2* 
2 
2 
1 
2 

rail. 
1 

f 

i 

i 

Ao 

1-56 
1-00 
1-00 
1-43 

the  outside  girders  being  (  middle  girder 
5  metres  apart           I  one  outside  girder 
the  outside  girders  being  (  middle  girder 
6  •  20  metres  apart        \  one  outside  girder 
i  5  metres  apart  (Fig.  1606)  
{  6-40  metres  apart  (Figs.  1580  to  1585)    ..      .. 
f  middle  girder       

(  one  outside  girder       

85  Jxxub  p  andp'  applicable  to  Road  Bridges. — The  following  Table  gives  the  loads  applicable  to 
the  girders  of  various  kinds  of  bridges.  The  dead  weights  p  are  calculated  on  the  hypothesis  that 
there  is  a  layer  of  earth,  or  ballast,  0  •  20  metre  deep,  and  the  moving  loads  p'  on  the  hypothesis 
that  the  roadway  is  loaded  at  the  rate  of  400  kilogrammes,  and  the  footways  at  the  rate  of  200 
kilogrammes,  the  square  metre. 
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Breadth. 

Breadth,  10  Metres. 

Breadth,  14  Metres. 

6  Metres. 
FIRS. 

Figs. 

Fig.  1609. 

Fig.  1628. 

1625, 

Girder. 

Girder. 

1608, 
1629 

Outside 

Middle 

Outside 

Middle 

1627. 

Girder. 

Girder. 

Girder 

Girder. 

p  for  one  girder,  not  including"! 
its  own  weight    / 

kilos. 
1300 

kOa* 

1100 

kilo*. 
1900 

kilos. 

2300 

kilog. 
1GOO 

kilos. 
2800 

kilo*. 
1450 

kilos. 
3800 

p'      ditto        

1000 

1000 

1400 

1700 

1400 

2000 

1050 

2700 

36.  hearing-rollers. — Cast-iron  platea  are  inter- 
posed between  the  girders  and  the  masonry,  where 
the  former  rest  upon  the  abutments.  For  spans  of 
more  than  20  metres,  friction-rollers,  or,  as  they  are 
usually  called,  bearing-rollers,  are  placed  between 
these  plates  and  the  girders  to  provide  for  the  move- 
ment caused  by  the  expansion  of  the  metal.  We 
may  calculate  in  the  following  manner  the  maximum 
load  which  these  rollers  are  liable  to  bear. 

The  girder  is  fixed  in  the  direction  of  C  D,  Fig. 
1631,  to  a  plate,  the  thickness  of  which  =  6,  resting 
upon  rollers  having  a  diameter  of  2  r,  which,  in 
their  turn,  rest  upon  a  lower  plate,  cemented  into 
the  masonry.  The  diametrical  plane  A  B  under- 
goes no  distortion,  it  only  sinks  in  consequence  of 
the  depression  at  the  bottom ;  if  we  admit  that  tho  ~ 
face  C  D  also  remains  plane  after  compression, 
the  planes  C  D  and  A  B  will  have  approached 
each  other  by  the  quantity  A,  on  account  of  the 
pressure  Q  exerted  by  the  girder,  and  supposed 
collected  upon  1  lineal  metre  of  roller.  The  lower 
face  of  the  plate  offers  a  depression  into  which 
the  roller  penetrates,  and  which  is  itself  flattened. 

/-I     TT 

The  value  of  the    ratio  •==-=   of  the  compression 
of   the  -roller   to  that   of  the   plate,  for  an    ele- 


1631. 


.        _,_,,.    GH      GM 
mentary  prism  F  M,  is   ,—  -  =  —  -  = 
MI         1'  1 


To  find  HI,  for  example,  we  deduce  from 


.. 
this  proportion 


GH  + HI 
HI 


, 
=  1  + 


;   or  G  H  +  H  I,  or  G  I  =  A  -  r  +  */  r*  -  x»,  and, 


consequently,  denoting  the  modulus  of  elasticity  by  E,  the  portion  of  tho  load  which  the  elemen- 

H  I  A.  —  r  +  »/  r2  —  3? 

tary  prism  FM  supports  will  be  c?Q  =  E  .  -  =  E 


ax- 


V  r3  —  x* 
To  determine  A,  we  remark  that  the  metal  must  not  bo  subjected  to  a  strain  greater  than  R  the 

TJ 

unity  of  section,  so  that  A  cannot  exceed  the  value  =  («  +  ')>  which  value  will  bo  substituted  in 

JS 


the  integral  Q 


/A  +  A/  r*  —  xj 
•              da;  is 
U+  Vr2  —  3?          


A  + 


'  =  C+*  +  2(B-A)  tan/ 


„     B  +  J  r2  —  #2 
C  being  the  arbitrary  constant,  and  the  term  Z  being  equal  to 

B  V  r-  -  x3 

B(A-BV.' 


,  iu  the  case  in  which  r  >  B ; 


to  2  (r  ~  A)  (^   /2?  in  the  case  in  which  r  =  B ;  and  to 


—  ,  when  r  <  B. 
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Usually,  woliave  E  =  O'lOO  metro,  and  the  diameter  2r  of  the  rollers  =  0'150  metre.  It  will, 
therefore,  oo  the  last  expression  of  7,  that  we  shall  have  occasion  to  apply,  and  by  calculating  the 
definite  integral  which  gives  the  value  of  Q,  we  obtain 


hr-A)["tan.-' -~A 

L  r  — VA(2r  — A) 

«  (r  -  A) 


-T — -TT~  (*"»•" ' 


r  — */A(2r  — A) 

—     • — tan. 


For  R  =  6,000,000  and  E  =  8,000,000,000,  a  value  applicable  to  thick  cast-iron  plates,  the 
formula  gives  Q  =  36370  kilogrammes  the  lineal  metre  of  roller,  say  24  kilogrammes  the  square 
centimetre  of  diametrical  section :  this  value  we  shall  adopt  as  a  maximum. 

But  when  there  are  several  rollers  it  ia  difficult  to  load  them  all  equally.  In  order  that  no  roller 
may  exceed  itu  limit  of  elasticity,  it  is  essential  that  the  bed-plates  be  fixed  with  care  ;  the  keys  or 
bolts  which  hold  them  should,  as  far  as  possible,  be  tightened  in  an  equal  degree  while  the  trial 
load  is  upon  the  bridge.  When  the  distance  of  the  load  has  modified  the  deflection  of  the  girder,  the 
pressure  will  bo  unequally  distributed  between  the  rollers  ;  but  this  is  no  longer  of  consequence, 
because  the  rollers  are  greatly  eased  of  the  total  weight.  But  in  practice,  a  certain  latitude  must 
be  allowed ;  and  we  should  consider  that  the  pressure  has  always  a  tendency  to  concentrate  itself 
towards  the  facing  of  the  abutment.  If  we  admit  that  the  centre  of  pressure,  under  a  full  load, 
may  move  forwards  along  O'GO  of  the  bearing  upon  the  abutment,  reckoning  from  the  end,  the 
mean  pressure  will  be  f  of  the  maximum  24  kilogrammes,  say  ]  5  kilogrammes  the  square  centi- 
metre of  diametrical  section  of  the  rollers.  If  this  pressure  be  referred  to  the  total  surface  of  the 
plates,  it  will  be  necessary  to  deduct  the  play  of  the  rollers,  and  we  must  then  reckon  upon  about 
13  kilogrammes. 

The  evil  of  imperfect  bed-plates  cannot  be  remedied  by  increasing  indefinitely  the  number  of 
the  rollers ;  for,  under  a  full  load,  the  extreme  rollers  support  hardly  anything.  And,  even  if  a 
roller  should  be  subjected  to  a  strain  a  little  too  great,  the  consequence  will,  in  general,  be  of  small 
importance. 

In  bridges  of  several  spans,  or  bays,  upon  very  high  piers,  the  rollers  should  turn  freely  in  order 
that  the  expansion  of  the  iron  may  not  cause  a  great  horizontal  strain  upon  the  masonry.  The  bed- 
plates should  be  as  equal  as  possible  in  all  respects,  both  when  the  bridge  has  no  load  upon  it  and 
when  it  is  fully  loaded ;  and  there  is  but  one  case  in  which  the  resultant  of  the  pressures  will,  in 
any  considerable  degree,  be  diverted  from  the  middle  of  the  face  of  the  support,  namely,  when  the 
load  is  applied  to  one  only  of  the  contiguous  bays.  This  case  allows  us  to  reckon  upon  the  maximum 
pressure  of  24  kilogrammes,  or  near  it,  for  the  full  load,  say  20  kilogrammes  after  having  made 
the  deduction  for  the  play  between  the  rollers. 

37.  Relation  between  the  Span,  the  Bearing,  and  the  total  Length. — From  what  precedes,  reckoning 
upon  13  kilogrammes  the  square  centimetre,  the  bearing  c,  Fig.  1632.  of  a  girder  upon  the  abutment 

may  be  calculated  by  the  formula  c  =    ^      ^       ,  L  being  the  total  length  of  the  girder  (single 

260000  j3 

bay),  and  $  the  breadth  of  the  plates  or  the  bearing  length  of  the  rollers,  which  usually  exceeds  by 
0-14  metre  the  breadth  of  the  flange  of  the  girder,  in  1632 

the  case  of  moderate  span.     For  very  large  bridges,      .  _ 

it  will  be  preferable  to  increase  /3,  and  perhaps  also 
the  diameter  of  the  rollers,  in  order  that  they  may 
offer  more  elasticity  to  lessen  the  effect  of  the  inclina- 
tion produced  by  the  deflected  girder. 

In  general,  supposing  that  the  dimension  b  of  the 
figure  is  0'60  of  c,  the  total  length  L  of  the  girder 
should  be  made  =  1-045/. 

As  to  the  ratio  of  the  real  bearing  I  to  the  span  <?, 
it  depends  upon  the  dimension  a,  which  should,  in  the 
first  place,  be  at  least  equal  to  0  •  40  c,  and,  in  the  second 
place,  sufficient  to  keep  the  resultant  of  the  pressures  j  t 

at  a  suitable  distance  from  the  facing  of  the  abutment,         ,        h    f  ft      -rf        .   ^  ,  ^. 
and  to  prevent  a  crushing  of  the  masonry.     This  con-    J          °  "        .A      .         <L8«u 
dition  depends  itself  upon  the  dimensions  and  talus  of  ' 

the  abutment ;  but  we  shall  generally  do  right  by  making  a  =  0'025  d. 

Thus,  to  recapitulate,  in  calculations  for  bridges,  we  shall  adopt  I  =  1  ' 050 d  and 

L  =  l-045/=l-0973d. 

We  shall  usually  consider  the  mean  weight  of  the  lineal  metre  of  girder  in  reference  to  the  total 
length  L.  If  we  obtain  the  total  weight  P  by  a  direct  measurement  including  the  ends  of  the  girder, 

—  will  be  the  mean  weight ;  we  shall  take,  on  the  contrary,  -j-t  if  the  weight  P'  results  from  a 

theoretical  formula  which  supposes  the  length  of  the  girder  to  be  I,  subject  to  the  corrections 
necessary  to  take  into  account,  according  to  the  case,  the  ends  of  the  girder.  To  obtain  the  weight 
in  reference  to  the  span,  we  must  multiply  the  weight  found  for  the  metre  of  total  length,  by  1  -0973 
or  1-10. 

38.  In  Skew  bridges,  the  normal  span  being  d,  and  the  angle  of  the  skew  being  o,  the  skew  span 

^iU  be  -r  — ,  the  real  bearing  1  •  05 ,  and  the  total  length  of  the  girders  1  '0973 .    This 

BID.  a  sin.  a  sin.  a 
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case  presents  no  difficulty ;  the  cross-girders  are  normal  to  the  chief  girders ;  some  of  them  at  the 
extremities  are  short,  and  rest  upon  an  oblique  piece  which  holds  together  the  ends  of  the  girders 
along  the  abutment.  The  first  complete  cross-girder  forms  with  this  oblique  piece  and  the  principal 
girder  an  unyielding  triangle,  which  allows  us  to  have  recourse  to  a  less  expensive  system  of 
counter-bracing  than  would  be  required  for  a  straight  bridge  of  the  same  span.  Beyond  this 
difference,  in  the  matter  of  calculating  the  weight  and  the  resistance,  a  skew  bridge  and  a  straight 
bridge  of  the  same  span  are  alike. 

The  bridge,  Figs.  1633,  1634,  erected  near  Calcutta,  was  constructed  according  to  the  system 
of  bridge-building  introduced  and  practised  by  A.  Sedley.  The  span,  Fig.  1633,  is  75  ft.,  and  the 
structure  was  calculated  to  support  a  moving  load  of  120  Ibs.  to  the  sq.  ft.  of  roadway.  The  total 
weight,  including  rods,  girders,  and  Mallet's  buckled-plates,  is  30  tons.  The  iron  was  proved  to 
20  tons  to  the  sq.  in.  of  cross-sectional  area ;  the  tension  or  suspension  bars  are  of  the  best  Bowling 
iron.  The  cantilevers  have  merely  the  effect  of  increasing  the  range  of  the  piers,  and  if  the 
suspension-rods  support  the  lattice-girder  without  destroying  its  perfect  contact  across  and  on 
each  of  the  two  brackets,  the  system  is  reduced  to  a  lattice-girder  resting  on  supports. 

Hydraulic  Swing  Bridge  over  the  River  Ouse. — The  information  that  we  give  respecting  this 
bridge  is  taken  from  'Proceedings  of  I.  M.  E.,'  August,  1869. 

This  bridge  was  designed  by  Harrison,  the  engineer  of  the  North-Eastern  Railway.  Near  the 
bridge  there  was  no  supply  of  hydraulic  power,  and  the  total  power  required  was  too  great  to  be 
supplied  by  hand  labour.  It  was  further  necessary,  on  account  of  the  position  of  the  swing  bridge, 
either  to  convey  the  power  to  the  centre  pier  by  a  pipe  under  the  bed  of  the  river,  or  to  produce  it 
upon  the  pier  by  placing  a  steam-engine  within  the  pier  itself;  and  the  latter  plan  was  the  one 
adopted. 

The  construction  of  the  Ouse  Bridge  is  shown  in  Figs.  1635  to  1646.  Figs.  1635,  1636,  show 
an  elevation  and  plan  of  the  swinging  portion.  Fig.  1637  is  a  vertical  transverse  section  at  the 
centre  pier,  showing  the  engine-room  and  accumulator,  which  are  situated  within  the  centre  pier ; 
and  Fig.  1639  is  a  plan  of  the  centre  pier  at  the  level  of  the  engine-room,  showing  the  arrange- 
ment of  the  driving-gear  with  the  steam-engines  and  hydraulic  engines.  Fig.  1610  is  an  enlarged 
section  of  one  half  of  the  engine-room,  and  Fig.  1641  a  sectional  plan  of  the  accumulator.  Figs. 
1647, 1648,  are  a  plan  and  elevation  of  the  hydraulic  engines  for  turning  the  bridge ;  and  Figs.  1643 
to  1646  show  the  gear  at  the  two  extremities  of  the  bridge  for  working  the  adjusting-supports  and 
the  locking  bolts. 

The  total  length  of  the  bridge,  fixed  and  movable,  is  830  ft.  The  fixed  portions  consist  of  five 
spans  of  116  ft.  each  from  centre  to  centre  of  piers.  The  bridge  being  for  a  double  line  of  railway, 
each  span  is  composed  of  three  wrought-iron  plate-girders,  the  centre  girder  having  a  larger 
section  to  adapt  it  for  its  greater  load ;  these  girders  have  single  webs,  and  are  9  ft.  deep  in  the 
centre.  The  total  width  of  the  bridge  from  outside  to  outside  is  31  ft.  Each  of  the  piers  for  the 
fixed  spans  consists  of  three  cast-iron  cylinders  of  7  ft.  diameter  and  about  90  ft.  length.  The 
depth  from  the  under-side  of  the  bridge  to  the  bed  of  the  channel  in  the  deepest  part  is  about  61  ft. 
The  headway  beneath  the  bridge  is  14  ft.  6  in.  from  high-water  datum,  and  30  ft.  6  in.  from  low 
water. 

The  swinging  portion  of  the  bridge,  Figs.  1635,  1636,  consists  of  three  main  wrought-iron 
girders,  250  ft.  long,  and  16  ft.  6  in.  deep  at  the  centre,  diminishing  to  4  ft.  deep  at  the  ends.  The 
centre  girder  is  of  larger  sectional  area  than  the  side  girders,  and  instead  of  being  a  single  web  is 
a  box-girder  2  ft.  6  in.  in  width,  Fig.  1640,  with  web-plates  -fa  to  A  in.  in  thickness,  and  the 
top  and  bottom  booms  contain  together  about  132  sq.  in.  section.  The  roadway  is  carried  upon 
transverse  wrought-iron  girders  resting  upon  the  bottom  flanges  of  the  main  girders,  Figs.  1(540 
and  1644.  In  the  centre  of  the  bridge  the  main  girders  are  stayed  by  three  transverse  wrought- 
iron  frames  securely  fixing  them  together;  and  over  the  top  of  these  frames  a  floor  is  laid,  from 
which  the  bridgeman  controls  the  movements  of  the  bridge. 

An  annular  box-girder  A  A,  32  ft.  mean  diameter,  is  situated  below  the  centre  of  the  bridge 
and  forms  the  cap  of  the  centre  pier,  Figs.  1637  and  1640;  this  girder  is  3  ft.  2  in.  in  depth  and 
3  ft.  in  width,  and  rests  upon  the  top  of  six  cast-iron  columns,  each  7  ft.  diameter,  which  arc 
arranged  in  a  circle  and  form  the  centre  pier  of  the  bridge.  Each  of  these  columns  has  a  t<>tnl 
length  of  90  ft.,  being  sunk  about  29  ft.  deep  in  the  bed  of  the  river.  A  centre  column  B  B,  7  ft. 
diameter,  is  securely  braced  to  the  six  other  columns  by  a  set  of  cast-iron  stays,  which  support  the 
floor  of  the  engine-room.  This  centre  column  contains  the  accumulator  C,  Fig.  1C37,  and  forma 
the  centre  pivot  on  which  the  bridge  rotates. 

The  weight  of  the  swing  bridge  is  670  tons.  There  is  no  central  lifting-press,  and  tne  entire 
weight  rests  upon  a  circle  of  conical  live  rollers  E  E,  Figs.  1637  and  1640.  These  arc  twenty-six 
in  number,  as  shown  in  the  plan,  Fig.  1638;  they  are  each  3  ft.  diameter  with  14  in.  width  of 
tread,  as  shown  in  Fig.  1642,  and  are  made  of  cast  iron  hooped  with  steel.  They  run  between  the 
two  circular  roller-paths  DD,  32  ft.  diameter  and  15  in.  broad,  which  are  made  of  cast  iron  faced 
with  steel ;  the  axles  of  the  rollers  are  horizontal,  and  the  two  roller-paths  are  turned  to  the  same 
bevel. 

The  turning  motion  is  communicated  to  the  bridge  by  means  of  a  circular  cast-iron  rack  G, 
Fig.  1640,  12J  in.  wide  on  the  face  and  6J  in.  pitch,  which  is  shrouded  to  the  pitch-line  and  in 
bolted  to  the  outer  circumference  of  the  upper  roller-path.  The  rack  gears  with  a  vertical  1»  \,  ]- 
wheel  H,  which  is  carried  by  a  steel  centre-pin  J  supported  in  the  lower  roller-path ;  and  this 
wheel  is  driven  by  a  pinion  connected  by  intermediate  gearing  with  the  hydraulic  engine.  Thoro 
are  two  of  these  engines,  duplicates  of  one  another,  which  are  situated  at  K  K  in  the  engine-room, 
Figs.  1639,  1640;  and  either  of  them  is  sufficient  for  turning  the  bridge,  the  force  required  for 
this  purpose  being  equal  to  about  10  tons  applied  at  the  radius  of  the  roller-path.  Each  hydraulic 
engine  is  a  three-cylinder  oscillating  engine,  as  shown  in  Figs.  1647,  1648,  with  simple  rams  of 
44  in.  diameter  and  18  in,  stroke.  These  engines  work  at  forty  revolutions  a  minute  with  a  pros- 
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euro  of  water  of  700  Ibs.  an  inch,  and  are  estimated  at  40  horse-power  each.  The  steam-engines 
for  supplying  the  water-pressure  are  also  in  duplicate,  situated  at  L  L,  Fig.  1639,  and  are  double- 
cylinder  engines  driving  three-throw  pumps  of  2j  in.  diameter  and  5  in,  stroke,  which  deliver 

1636. 
Swinging  portion.     Elevation. 
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1638. 

Plan  of  roller-frame  and  rollers 
in  centre  pier. 


1639. 
Plan  of  centre  pier  and  engine-room. 


into  the  accumulator. 
The  steam-cylinders  are 
8  in.  diameter  and  10  in. 
stroke,  each  engine  being 
12  horse-power. 

The  accumulator  0, 
Fig.  1637,  shown  also  in 
the  sectional  plan,  Fig. 
1641,  has  a  ram  16 J  in. 
diameter  with  a  stroke 
of  17  ft. ;  it  is  loaded 
with  a"  weight  of  67 
tons,  composed  of  cast- 
iron  segments  suspended 
from  a  cross-head  and 
working  down  inside 
the  cylindrical  casing 
formed  by  the  centre 
cylinder  of  the  pier.  A 
pair  of  cross-beams  M  M 
nre  fixed  to  limit  the  rise 
of  the  weight. 

For  the  purpose  of  obtaining  a  perfectly  solid  roadway  when  the  bridge  is  in  position 
for  the  passage  of  trains,  and  also  for  securing  the  perfect  continuity  of  the  line  of  rails,  tho 
following  arrangement  is  adopted,  shown  in  Figs.  1G43  to  1646.  Each  extremity  of  the  bridge 
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i*  lifted  slightly  by  a  horizontal  hydraulic  press  N,  Figs.  1643,  1G44,  noting1  upon  the  levers 
1'  1'  which  f'iriii  n  toggle-joint ;  tho  press  has  two  nuns  acting  in  opposite  directions  upon  two 
toggle-joint  lever*,  which  are  connected  by  a  horizontal  bar  Q,  and  this  bar  is  con  lined  to  a 

1637. 
Section  of  centre  pier  and  engine-room. 


vertical  movement  by  a  stud  sliding  in  a  vertical  guide,  so  as  to  ensure  an  exactly  parallel 
action  of  the  two  toggle-joint  levers,  in  order  thereby  to  lift  the  bridge  end  exactly  parallel. 
While  the  end  of  the  bridge  is  thus  held  lifted,  the  three  resting-blocks  R  R,  one  under  each 
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1640 
Enlarged  section  of  engine-room. 


1641. 
Sectional  plan  of  accumulator. 


Vertical  section  of  roller-paths  and 
roller-frame. 


1643. 


Locking-gear,  ^c.,  a<  encfs  of  Bridge. 
Plan  ofbridge  end,  showing  locking-bolt  and  lifting-gear. 

1 
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ginlcr   arc  pushed  home  by  means  of  three  separate  hydraulic  cylinders  SS,  Figs.  1045,  1646- 
the  bridge  is  then  let down  upon  these  resting-blocks  by  the  withdraw*]  of  the  toggle-joint 


Longitudinal  section  showing  locking-bolt 
and  restiug-block. 


the  e\  limlrra  {xiiteiug  along  tho  side  of  the  roadway  of  the  bridge. 

For  the  purjioso  of  nuiMing  the  brid.u'enmn  to  stop  the  turning  movement  of  the  bridge  at  tho 
right  place,  an  indicator  id  provided  consulting  of  a  dial  with  two  pointers  which  are  actuated  by 
the  motion  of  tho  bridge.  One  of  these  pointers  makes 
two  revolutions  and  the  other  forty-two  revolutions  for 
one  complete  rotation  of  tho  bridge ,  they  are  similar  to 
tin-  hour  mid  minute  hands  of  a  watch.  The  bridge  has 
no  stop  to  its  turning  movement,  and  would  swing  clear 
past  ita  right  position  if  the  turning  power  were  con- 
tinued; but  the  bridgeman  being  guided  by  the  indi- 
cator, knows  when  to  stop  and  reverse  tho  hydraulic 
engine:*  for  tin-  purpose  of  stopping  tho  bridge  at  its 
riirht  jihioe.  When  this*  is  done,  a  strong  locking-bolt  T, 
;  !-;i:{  to  Kit.1),  3  in.  thick,  pressed  outwards  by  a 
*]'irnl  spring,  is  shot  out  at  each  end  of  tho  bridge  into  a 
corrwjponding  slot  in  the  fixed  girder,  so  as  to  lock  the 
bridge ;  and  when  the  bridge  is  required  to  bo  opened, 
these  two  bolts  are  withdrawn  by  a  wire  cord  U,  Fig. 
1015,  leading  to  tho  platform  oa  which  the  bridgeman  is 

1647. 
Plan  of  hydraulic  engines 


It  S 


.  of  the  line  of  the  bridge  lying  in  a  north  and  south  direction,  the 

ran  acting  alternately  on  the  opposite  sides  of  the  bridge  produces  a  slight  lateral 
i    *      ?r  £bnug,the  end8  back  kto  the  8traiSht  line  after  swinging  the  bridge,  so 
Si     £  T>^kmg-,bolto  *°  enter  their  8lots>  the  feet  of  the  toggle-joint  lifting-levers  P  P 
I    v  v      °*ih™  inner  faces,  as  shown  at  1  1  in  Fig.  1644,  and  bear  against  corre- 
«!llZ2     *  VQ  the  ^-P18^-    By  this  means  the  ends  of  the  bridge  when  warped 
ack  into  the  correct  centre  line,  in  which  they  are  then  held  secure  by  the  locking-bolts. 
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As  the  accumulator  is  stationary  in  tho  ccntro  pier,  while  the  fixing-goar  at  the  ends  of  tho 
bridge  travels  with  the  bridge  in  swinging,  the  communication  of  watcr-i>ower  is  effected  by  a 
central  copper  pipe  W,  Fig.  1640,  passing  up  in  the  axis  of  the  bridge  through  the  middle  of  the 
centre  girder,  and  having  a  swivel  joint  at  the  lower  end.  Also  as  the  bridgeman's  hand-gear 
rotates  with  the  bridge  while  tho  hydraulio  turning  engines  are  stationary,  the  communication 
for  working  the  valves  ia  made  by  a  central  copper  rod  X,  Fig.  1640,  passing  down  through  the 
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centre  of  the  pressure-pipe  W  in  the  axis  of  the  bridge.  The  hydraulic  engines  are  reversed  in 
either  direction  by  the  action  of  a  small  hydraulic  cylinder,  which  is  governed  by  the  movement  of 
a  three-port  valve  actuated  by  the  rod  X  from  the  bridgeman's  platform. 

The  time  required  for  opening  or  closing  the  bridge,  including  the  locking  of  the  ends,  is  only 
fifty  seconds,  the  average  speed  of  motion  of  the  bridge  ends  being  4  ft.  a  second.  For  the  purpose 
of  ensuring  safety  in  the  working  of  the  railway  line  over  the  bridge,  a  system  of  self-acting  signals 
is  arranged,  which  is  actuated  by  the  fixing-gear  at  tho  two  ends  of  the  bridge ;  and  a  signal  of  all 
right  is  shown  by  a  single  semaphore  and  lamp  at  each  end  of  the  fixed  part  of  the  bridge ;  but  this 
cannot  be  shown  until  each  one  of  the  locking-bolts  and  resting-blocks  is  secure  in  its  proper  place. 

39.  Calculation  of  simple  Lattice-girders. —  General  Methods. — The  triangle  is  the  only  articulate 
polygon  which  is  unyielding ;  in  other  words,  a  triangle  composed  of  inflexible  bars  cannot  yield 
except  by  the  extension  or  the  contraction  of  its  sides  under  the  influence  of  the  forces  applied  to 
them.    We  shall  give  the  name  of  simple  lattice  to  a  network  composed  of  a  series  of  triangles 
arranged  as  in  Fig.  1649 :  the  whole  collection  of  bars  being  regarded  as  a  simple  figure,  the  strain 
upon  all  the  pieces  will  be  determined  by  the 

elementary  rules  of  statics.  Tho  load  consists  of 
distinct  weights  P,  P,,  applied  to  the  several  sum- 
mits. The  reaction  Q  of  the  support  A  is  easily 
obtained  by  considering  the  equilibrium  of  the 
whole  figure.  To  find  the  strain  borne  by  any 
single  piece  C  E,  imagine  a  plane  N  N'  cutting  only 
this  piece  and  two  others  B  C,  EG,  and  seek  tho 
conditions  of  equilibrium  of  the  portion  of  the 
system  included  between  the  plane  N  N'  and  the 
support  A.  We  obtain  three  distinct  equations — two 
of  projections,  and  one  of  moments — which  determine 
the  strains  upon  the  three  pieces  crossed  by  N  N'; 
for  these  strains  appear  as  reactions  of  the  right 
portion  of  the  lattice  upon  the  portion  under  consideration,  and  the  other  forces  Q,  P  ...  arc 
known. 

But  it  is  easy  to  avoid  any  elimination.  If  we  make  tho  secant  plane  pass  through  the  point 
C,  the  strains  upon  the  pieces  B  0,  E  C,  will  not  appear  in  the  equation  of  moments,  and  we  shall 
have  at  once  the  strain  upon  the  section  E  G  of  the  side,  by  dividing  the  moment  of  rupture  about 
the  opposite  summit  C,  by  the  perpendicular  let  fall  from  C  upon  E  G.  The  strain  upon  B  C  is 
found  in  like  manner,  in  terms  of  the  moment  of  rupture  taken  with  respect  to  E.  Returning  to 
the  section  N  N',  we  have  only  to  state  the  equation  of  the  vertical  projections  of  tho  forces,  to 
obtain  the  strain  upon  the  bar  E  C  in  terms  of  tho  strains,  already  determined,  of  EG  and  BC. 

If  we  take  the  upward  direction  of  the  forces  as  positive,  the  stress  will  bo  positive  as  long  ns 
the  sum  P  +  P,  +  .  .  .  of  the  loads  between  A  and  N  N'  is  less  than  Q,  and  the  moment  of 
rupture  will  be  positive  if  it  tends  to  turn  the  figure  in  the  same  direction  us  Q.  If  we  find,  for 
example,  the  strain  T  of  the  bar  E  C  positive,  this  will  indicate  that  the  portion  C  O  of  the  bar 
tends  to  raise  the  portion  E  O,  and,  consequently,  tho  piece  C  E  is  subject  to  a  tensile  strain ;  it 
will  be,  on  the  contrary,  compressed,  if  T  is  negative.  These  conclusions  would  change  if  the  bar 
were  placed  according  to  the  other  diagonal  B  G. 

40.  We  may  also  determine  the  strains  by  a  graphical  process,  founded  upon  the  observation 
that  at  each  summit  of  the  triangles  the  strains  upon  the  pieces  which  join  them  are  in  equilibrio, 
otherwise  this  summit  would  be  displaced.     Thus,  beginning  at  the  abutment,  we  shall  decompose 
Q  in  the  directions  AB  and  AE,  which  will  give  the  strains  upon  these  two  sides.    Then  in  B 
we  shall  take  the  resultant  of  the  known  strain  upon  A  B.  and  tho  weight  P  which  is  also  known, 
and  decompose  it  between  BE  and  BC;  this  will  give,  without  the  sign,  tho  strains  upon  these 
latter  pieces.    This  operation  must  be  continued  for  the  other  pieces. 
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41.  A  mixed  process  consists  in  calculating  beforehand  the  strains  upon  the  exterior  sides  or 
•ectiona  of  flange  by  means  of  the  moments  of  rupture,  as  explained  in  89.    Then  we  can  at  once 
in  any  summit,  without  passing  through  the  preceding  ones,  determine  graphically  the  strains 
upon  the  two  inner  burs,  the  function  of  which  is  to  destroy  the  known  resultant  of  the  strains  upon 
the  two  iwctiona  of  flange  and  the  particular  load  which  may  be  applied  to  the  summit  in  question. 

42.  To  paw  from  these  general  considerations  to  formula)  more  precise,  we  must  begin  by 
fixing  the  form  of  the  system.     Let  us  consider  the  case  of  straight  and  horizontal  flanges.    On 
applying  the  foregoing  process  to  this  case,  we  see  immediately  that,  to  find  the  strain  of  an 
interior  oar,  it  is  useless  to  know  the  absolute  strains  upon  the  two  sections  of  flange  which  join 
at  one  of  its  extremities  ;  it  is  enough  to  find  the  difference  of  their  strains  ;  the  function  of  the 
two  lattice-bars  being  to  counterbalance  that  one  of  the  two  sections  which  exerts  a  predominant 
horizontal  thrust,  and  to  support,  if  necessary,  the  load  which  may  be  applied  directly  to  the 
Mimmit  under  consideration. 

Now,  this  difference  of  strain  depends  upon  the  increase  of  the  moment  of  rupture  for  a  given 
interval,  or,  which  is  the  same  thing,  of  the  transverse  strain.  The  equation  of  equilibrium 

F 

between  the  vertical  forces  gives  —  -  for  the  stress  upon  any  interior  bar,  a  being  the  angle 

sin.  a 

<>f  this  bar  with  the  horizon,  and  F  the  stress  in  the  interval  which  it  occupies. 

Thus,  let  C  DN  be  the  locus  of  the  transverse  strains,  Figs.  1650,  1651,  the  strain  upon  any 
bar  E  O  of  the  girder  A  13  H  will  be  represented  graphically  by  the  length  of  a  right  line  E'  G', 
parallel  to  E  O,  inscribed  between  A 

the  axis  of  the  abscissa}  and  the        f    \  _  1650> 

horizontal  line  representing  the 
stress  in  the  interval  occupied  by 
the  bar  in  question. 

If  the  inclination  a  of  the  bars 
id  constant,  and  we  reduce  in  a 
constant  proportion  the  ordinatcs 
of  the  locus  C  D  N,  these  latter 
will  represent  directly  to  a  given 
scale,  either  the  strains  or  the 
sections  of  the  several  bars.  In 
the  absence  of  a  special  plan  of 
strains,  the  locus  abed  of  the 
moments  of  rupture  is  sufficient 
to  determine  the  strains  upon  the 
lattice-bars.  For  example,  the 
stress  relative  to  the  bar  EG  is 
nothing  but  the  tangent  of  in- 
clination of  the  right  line  c  d  with 
respect  to  the  axis  of  the  #'s, 
taking  into  account,  of  course,  the 
proportion  between  the  scales  of 
the  abscissae  and  of  the  ordinatcs. 

43.  But  the  locus  of  the  mo- 
ments of  rupture  is  specially  con- 
structed with  regard  to  the  flanges 
of  the  girder  :  it  is  a  polygon  the 
summits  of  which  correspond  with 
the  loads  P,  F.  The  volume  or 
the  total  weight  of  the  lower 
flange  will  be  proportional  to  the 
area  comprised  between  the  axis 
of  the  x's  and  the  broken  line 
aefghiklm;  that  of  the  upper 
flange  will  be  given  by  a'nop  qrs; 
and  it  will  be  seen  from  the  figure 
that  the  whole  of  the  two  flanges  will  be  proportional  to  the  area  a  b  c  d  ...  of  the  locus  of  the 
moments  of  rupture. 

Suppose  the  girder  loaded  with  equal  weights  (p  +  p')  5  placed  at  equal  intervals  8,  and 
the  bearing  /  expressed  by  N  5.  The  polygon  of  the  moments  of  rupture  will  be  para- 
bolic, and  its  area  will  be  given  by  the  formula  obtained  in  6.  The  double  of  this  area, 

multiplied  by  -,  t  being  the  ratio  ^-  =  0-0013  of  the  weight  of  the  cubic  metre  of  iron  to  the 
admitted  resistance,  and  A  the  height  of  the  girder,  will  give  for  the  total  weight  of  the  two 
flanges  the  value  (r>  +  ~  1},  say.  the  —  —  }  of  the  weight  they  would  have  in  a 


whilst  for  N  odd  and  equal  to 


1651. 


girder  loaded  in  a  continuous  manner,  if  the  greatest  section  necessary  in  the  middle  were  pre- 
served throughout  the  whole  length. 

This  expression  does  not  change  whether  N  be  even  or  odd.    But  if  N  be  even  and  we  substi- 

tute 2  m  for  it,  the  expression  becomes  (P"tf?P-   ^- 

Z-±  n  m 

2  m  +  1,  it  assumes  the  form  *S*±&+*  m  0»  +  V 

3  A  (2  m  +  I/  ' 
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In  practice,  Ibis  weight  of  flange  should  bo  multiplied  by  n  coefficient  U  designed  to  include 
the  joint-plates  and  other  accessories  (see  63  and  following  sections). 

In  the  more  general  case,  when  the  extreme  intervals  have  a  length  a  different  from  8,  the 
bearing  being  expressed  by  2  a  +  N  8,  the  weight  of  the  two  flanges  together  will  be 


The  total  theoretical  weight  of  the  lattice-bars  may  also  be  represented  by  the  area  of  a 

TO     A, 

geometrical  locus,  namely,  that  having  for  equation  y  =  —.  -  ,  the  inclination  a  being  liable 

sin.  a  cos.  a 

to  vary  from  one  bar  to  another,  as  well  as  the  stress  F.     But  if  there  were  vertical  bars,  they 
would  elude  this  mode  of  calculation,  and  we  should  have  to  consider  them  apart. 

We  are  now  about  to  state  the  formulas  giving  the  maximum  strains  and  the  weight  of  the 
several  parts  of  straight  girders  of  regular  shape.  We  call  struts  the  bars  which  are  compressed 
by  a  load  covering  all  the  bridge,  and  braces  or  tics  those  which  are  subject  to  tensile  force.  But 
it  may  happen  that  a  partial  load  changes  the  direction  of  the  strains.  The  struts,  or  at  least 
some  of  them,  usually  require  an  excess  of  section  to  give  them  the  necessary  rigidity.  We  shnll 
take  this  into  account  by  affecting  the  theoretical  weight  with  a  coefficient  the  mean  value  of  which 
is  denoted  by  the  letter  V  (see  68  and  following  sections). 

44.  Girder  loaded  in  one  point  only.  —  The  load  consists  of  a  single  weight  P,  applied  to  a  point 

C,  Fig.  1652.    From  A  to  C  the  stress  has  the  constant  value  —  -  —  ;  the  struts,  inclined  at  an 


a  +  6' 


angle  o,  bear  in  this  interval  a  constant  compression 


(a  +  6)  sin.  a ' 


and  the  braces,  inclined  at  an 


angle  £,  a  tension  =  . — — .  In  the  second  interval,  from  C  to  B,  the  stress  has  the  negative 

"P  /* 

value '• — T-;  the  struts  and  braces  affect,  therefore,  directions  opposite  to  those  which  they  had 

between  A  and  C,  and  their  strains  are  found  in    SJi  1652. 

like  manner  by  dividing  the  stress  by  the  sine  of    a| 
angle  of  inclination. 

When  a  girder  supports  a  single  weight,  economy 
requires  that  the  height  should  be  increased  and 
that  the  number  of  triangles  formed  by  the  bars 
should  be  reduced.  For  example,  the  most  econo- 
mical means  of  supporting  a  weight  in  the  middle 
of  the  bearing  consists  theoretically  of  two  bars 
at  45°  resting  against  each  other  at  their  summits, 
and  having  their  lower  extremities  supported  upon  abutments  and  held  by  a  tie. 

If  the  single  weight  P  is  a  moving  one,  the  maximum  strain  upon  the  bars  having  the  same 
inclination  will  vary  uniformly  according  to  the  same  law  as  the  maximum  whole  stress,  which 

reaches  the  value  P  towards  the  support,  and  is  reduced  to  —  P  in  the  middle. 

£i 

45.  Girders  uniformly  loaded  on  the  upper  side. — If  the  load  rests  directly  upon  tho  upper  flango, 
the  several  sections  of  the  latter  will  undergo  slight  partial  deflections ;  but  these  may  be  negli-Hrd 
when  we  regard  the  load  as  distributed  among  the  upper  summits  proportionally  to  the  intervals. 
This  load  is  of  two  kinds :  one  portion  denoted  l>yp  per  lineal  metre  remains  permanently  throughout 
the  bearing ;  the  other  portion,  p'  per  metre,  is  moving,  that  is,  it  may  affect  either  the  whole 

bearing  or  only  any  portion  of  it ;  the  letter  q  denotes  the  ratio  —  — ;.  Always  supposing  that  tho 

loaded  points  are  equidistant,  we  shall  consider  various  particular  figures,  symmetrical  with  respect 
to  the  middle  of  the  bearing. 

First  arrangement,  Fig.  1653.    The  intermediate  upper  summits  support  each  a  weight/)  8,  and 

1653. 


accidentally  another  weight  p'S;  but  in  tho  two  extreme  summits  C  and  D,  these  weights  are 
reduced  to  |  (s  +  ^)  and-f'  (5  +  JL.). 

According  to  5,  tho  stress  will  reach  its  maximum  when  the  load  extends  over  a  portion  of  the 
bridge  onlv.'and  we  easily  find  the  following  expressions.  The  several  pieces  are  numbered  from 
the  middle  to  each  abutment,  for  any  two  symmetrical  pieces  are  in  perfectly  identical  conditions. 
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A  lonffthoninff  A  0,  D  R,  of  tho  flanges,  with  upright  stays  at  tho  ends,  will  bo  found  useful  in 
nnicticti  for  iv  l«>ml  ulxwo  ;  hut  the  formulas  do  not  includo  this,  unless,  indeed,  it  bo  included  in 
the  coefficient  U. 

Any  strut,  tho  order  of  which  with  respect  to  tho  others  id  expressed  by  n,  supports  tho  following 
maximum  statin  of  compression  : 


(2*-  !)_-  +  -  —    -  _.m+n)OT+»_+-- 
2tfin.a      .   .       /     »,      »     \l  \_t&n.a 

4  sin.  a  I  ro8  +  -  -  I 
\  tan.  a/ 

except  tho  end  strut,  tho  order  of  which  is  m  +  1,  and  which  will  support  only 


I 


sin.  a   \  2  tan.  a. 

As  to  tho  braces,  tho  tension  of  the  nth  reckoning  from  the  middle  is  given  without  exception  by 


'1'  +  fcsr.  +  <2  m  +  2  "  -  • 

4  sin.  0  1  m  8  +  -  I 
\  tan.  a/ 

Tho  flanges  require  a  full  load  to  produce  in  them  the  maximum  strain.    Tho  compression  of 


iP  +  PT    &  (2m  —  1)8       m2sn 

gives  for  tho  first  which  is  the  most  heavily  loaded  —  -^-    -  —  —  +  ^—  -  —  +  —  —  I 

2      Ltan.*  a  tan.  a  h    j 

^  f  m  5  +  ^JL  -  J  +  ^^)58  [m?  -  (n  -  1)2]  •  say 
for  the  first,  * 


2      Ltan.2a      tan.  o 

Multiplying  the  strain  upon  a  strut  by  its  length  and  by  the  quantity  t  V,  we  shall  have  its  weight. 
Then,  summing  the  expression  obtained,  in*  which  n  takes  the  successive  values  1,  2,  3,  ...  m, 
doubling  tho  result,  and  adding  tho  two  extreme  struts  (the  order  of  which  is  m  +  1)  calculated 
aiart,  wo  find  :  Total  weight  of  the  2  (m  +  1)  struts 


/  _J^\ 

\  tan.  a  / 


Wo  have  next,  without  a  coefficient  of  stiffness :  Total  weight  of  the  2  m  braces 

_  m*p8Af mp'ht  [-(7    a_._  ivi   .    *      (    h  „        YJ . 

sin.2  /)  /"  A    \  L  3  tan.  cc  Vtan.  cc  /J 

2  sin.2  /3 1  m  8  -J I 

\  tan.  a/ 

Then  with  coefficient  U,  for  joint-plates,  and  so  on : 

Total  weight  of  the  upper  flange  =  m  (p  +  p')  8 1 U  [- — 5-  +  -^—  +  1-  (4  m  —  1)  (m  +  1)1 ; 

Ltan.*a      tan.  o       6  A 
Total  weight  of  the  lower  flange 


Total  weight  of  the  two  flanges  together  =  (f?  +  /?'^U  ^  _  ^1  --  h—  \  . 

3  \2A          A          tan.3  a/ 

This  last  result  may  be  obtained  directly  by  means  of  the  area  of  the  locus  of  the  moments  of 
rupture  (see  end  of  6). 

46.  Particular  case  a  =  £  ,  and  consequently  -  =  -  ,  and  the  bearing  /  =  (2  m  +  1)  8. 

tan.  a      L 

Strain  upon  the  nth  strut  or  the  nth  brace  =  (2n~1)jjS  +  P'S[4  (m  +  ra)2~  1]- 

2  sin.  a  8  (2  m  +  1)  sin.  a 

Except  the  extreme  strut,  of  order  m  +  1,  which  supports  ^P  +  P—  (m  +  -  V 

sin.  a      \         4/ 

Compression  of  the  nth  end  of  upper  flange  =  (*)+*>)83  (m*  _  ni  +  m  +  n  _  1  V 

2  A        V  4/' 

Maxim  nm  strain  of  upper  flange  =  fiLlLszf  /mz  +  m  _  1  V 

2A         \  V 


Tension  of  the  nth  and  of  lower  flange  =  ^p  +  p'^  **  (m*  —  n3  +  m  +  n  —  -  V 

2A  ' 
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Maximum  strain  upon  lower  flange  =  (m*  +  m  -f-  -  )  . 

Total  weight  of  the  2  (m  +  1)  struts  =  t*  "I  (TO*  +  2m  +  *U  *'87'  'V(28m2  +  18  ""  *>  . 

sin.*  a    V  T  2^          12sin.*a(2m  +  l) 

rr  *  i       •  i*    r  4t.    n     v  m*ph6t       mp'h  Sf  (28m3  +  18m  —  1) 

Total  weight  of  the  2  m  braces  =  —  ~  --  f.  —  -  -  -  --  -31  —  -  L  . 

sm.sa  12sin.Ja(2m+l) 

If  we  substitute  for  the  coefficient  V,  with  which  the  struts  alone  are  affected,  a  coefficient 
—  -  —  applied  to  the  whole  of  the  lattice,  we  shall  have  : 


Total  weight  of  the  lattice  =  (2m  +  W<P+n'»V  +  ^  H  +  «(«•*  +  6m  -1)1 

4sin.2a  L  3(2m+l/       q  J  ' 

And  for  the  flanges,  we  have  : 

Weight  of  the  upper  flange  =  ^L+P^l^.  (8  TO*  +  12  m  +  1)  ; 

1  *-  /t 

Weight  of  the  lower  flange  =  1*L±  ^  X^llII  (  s  ms  +  12  m*  +  7  m  +  3  }  ; 

IZ  A  V  2/ 

Weight  of  the  two  flanges  together  =  ^  +  V5*        fs  m»  +  12  m3  +  4  m  +  ^)  . 

6  A  \  4/ 


If  o  were  of  45°,  we  should  substitute  —  —  for  sin.  o,  and  2  A  for  8  ;  we  might,  besides,  substi- 

V  2 

tute  for  TO  the  value  —  —  —  • 
4  A 

47.  Another  particular  case  :  $  =  90°.    We  have  sin.  0  =  1.  -  =  8  ;  the  bearing  becomes 

tan.  a 

2  (m  +  1)  8,  say  2  m'  8,  making  m  =  TO'  —  1.    In  the  following  values,  —  ==  may  be  substituted 
for  sin.  o.  */  k-  —  5* 

Strain  upon  the  nth  strut  (including  the  last,  of  order  TO') 

(m'  +  n)  (m'  +  n  -  1)    ,  g  t 
' 


2  sin.  a  4m'  sin.  a 

,,       ,,,  (2n—l)po      (TO'  +  n)(m'+  n  — 

Strain  upon  the  nth  brace  =  -  -  —  —  h  i  -  '  —  —  — 

2  4m 

Strain  upon  the  nth  end  of  the  upper  flange  =  -f       (m'2  —  n3)  ; 

4  A 

Maximum  strain  upon  the  upper  flange  =  —  (m'3  —  1)  ; 

2,  A 

Maximum  strain  upon  the  nth  end  of  lower  flange  =  f^        («'  +  n  —  1)  (TO*  —  n  +  1); 

2t  A 

Maximum  strain  upon  the  lower  flange  =  m'2  =  •  -  ; 

£t  n,  o  /I 


Total  weight  of  the  2m'  struts  =  ^-^  [m"P  +  ?  "*!  ~  *  JP'1  ? 

sin/  a  L  o  J 

Total  weight  of  the  2  (TO'  —  1)  braces  =  (m'  -  1)  8  A  t  f"(m'  -  1)^  +     "*  ~  °  p'  j  ; 

OT'  („»'  __  l)  (4  m'  +  1)  QD  +  p')  33  <  U 
Total  weight  of  the  upper  flange  =  —  -       — 

(p  +  »')  53  1  U 
Total  weight  of  the  lower  flange  =  TO'  (m'+  1)  (4  m'  —  1)  g-  -  ! 

Total  weight  of  the  two  flanges  together  =  m'  (4  TO"  —  1)  -  —  • 

«>  /I 

48.  In  the  particular  case  o  =  90°,  the  two  middle  struts  will  become  one.  For  I  and  8  constant, 
this  case  will  be  a  little  less  economical  than  the  preceding. 

49.  Second  arrangement,  Fig.  1654.     This  arrangement  differs  from  the  preceding  only  in  tho 
fact  that  the  loaded  point  falls  in  the  middle  of  the  girder.     The  dotted  triangle  in  tlie  middle 
resists  only  beneath  the  action  of  a  partial  load  ;  it  offers  a  defect  of  symmetry  if  a  is  not  equal  to  /3. 
The  weights  applied  to  the  extreme  summits  are  inferior  to  tho  others,  as  in  the  preceding  arrange- 
ments (see  45). 

Strain  upon  the  nth  strut 


* 


tan.  aLtan.  a 


sm.  a      „   .        /  2  A  \ 

2sm.a(2m8  —  8+  -  —  -I 

Except  the  last  (the  mth),  which  supports  ^-^-  f"(2  m  —  1)  8  +  ^-J  I 


3  r 
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Strain  u]xm  the  nth  brace 
pnS       p" 


«n./3 


Strain  upon  the  nth  section  of  the  upper  flange 
=  (m  —  n  +  1)  (m  +  n  —  2) ( 


2  A          '   2  tan 
Which  gives  for  the  middle  section,  the  most  heavily  loaded, 


+P'  rg(gm  2n ,  D  .      i 

an.aLn  +  tan.  a  J 


2A 


Strain  upon  the  nth  section  of  the  lower  flange 


Which  gives  in  the  middle  the  same  maximum  strain  as  in  the  upper  flange. 
Total  weight  of  the  2  m  +  1  struts,  inclined  at  an  angle  o, 

p'htV 


6  sin.8  o  (2m  8  -8  +  -AL) 
\  tan.  a/ 


Total  weight  of  the  2  m  —  1  braces,  inclined  at  an  angle  0, 

_m(m—  l)pS  ht  p'ht 


sin.2  0 


c 

tan. 


i  tan.  a  L     tan.  a 

Total  weight  of  the  upper  flange 

,.  (/?  +  p'^&tU       f"(2  m  —  1)A      /  1 

=  m  (4  m  +  1)  (jn  —  1)  — 1-  I hi7"  —  "*  H 

fa  A  L    2  tan.  a          \  2 

Total  weight  of  the  lower  flange 
=  m  (m  -  1)  (4  m  -  5) 


tan. 


tan.  a 
Total  weight  of  the  two  flanges  together 


tan.-'  a 


tan.  o 


tan.3 


*—  1 1 1 11.    U,  J  Id  M.       |A 

50.  Particular  case  o  =  /3,  and  consequently =  — .    The  bearing  is  then  2  m  5. 

tan.  a       2 

Strain  upon  the  nth  strut  =  ^ 1 f(m  +  n1)2  —  —I 

sui.  a       4m  sin.  a  L  4  J 

Except  the  last  'mth),  w.hich  supports  (p  +  p')  •    m—1^°  . 

4  sin.  a 

Strain  upon  the  nth  brace  =  ^—  -\ [(m  +  n)2 1  • 

sin.  a      4m  sm.  a  L  4  J  ' 

0i-~  upon  the  nth  section  of  the  upper  flange  =  (m*  —  n2  +  2  n )       +  ; 


Strain 
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Strain  upon  the  nth  section  of  the  lower  flange  =  (  m?  —  n*  +  n  —  —  )    P      p  '  ..  ; 

\  4  /         ft  l\ 

Maximum  strain  in  the  middle  of  the  flanges  =  {«*  —  —  )  —      ^--  —  ; 

\  *  /  ^  A 


Total  weight  of  the  2  m  +  1  struts  (including  one  side  of  the  middle  triangle) 
_  (2m2  +  2m  —  l)pSAfV      (56ms  +  48m*  -26m  +  3)Jp' 

2~sin.2  a  48  m  sin.2  a" 

Total  weight  of  the  2  m  —  1  braces  (including  one  side  of  the  middle  triangle) 
_  m  (m  —  1)  p  S  h  t      (56  m*  —  48  ?»*  —  2  m  +  3)  p'  8  h  t 
sin.2  a  48  m  sin.*  a 

+  V 


Total  weight  of  the  whole  lattice,  applying  the  coefficient 


-  —  , 

• 

OT'  —  2m  + 


4  sin.2  a  ~  12  m  (4  m»  —  1) 

^ 


Total  weight  of  the  upper  flange  =  (16  m?  —  10  m  +  3) 


Total  weight  of  the  lower  flange  =  m  (8  m*  -f-  1) 


24  A 


12  A 
Total  weight  of  the  two  flanges  together  =  (32  m3  —  8  m  +  3) 


24  A 


The  weight  of  the  lower  flange  exceeds  by  -  £-  —  —  -  •  —  that  of  the  upper  flange. 

8  n 

If  the  inclination  of  the  bars  is  45°,  the  value  of  the  strains  upon  them  will  be 


with  the  exception  of  the  last  or  nth  strut,  which  will  support  (  2  m  —  -  I  (/>  +  p")  h  */  2.    The 

total  weight  of  the  lattice  is  =  (4  m2  -  1)  (p  +  /)  A2  1  (1  +  V)  fl  +  ?om'~2?+ix  g]  .    In  the 

L         Iz  wi  (4  in   —  1)    J 

52  53 

strains  upon  the  flanges  —  should  be  changed  into  2  h,  and  in  their  weight  —  into  8  A*.    And  in 

ft  fl  fl 

all  the  expressions  the  quantity  —  may  be  substituted  for  m. 

51.  The  particular  case  ft  =  90°,  will  offer  a  defect  of  symmetry  in  the  middle,  like  the 
general  case.     The  bearing  I  becomes  (2m  +  1)  5. 

The  strain  upon  the  nth  vertical  brace  is  p  n  5  +  p'  8  -  7Tt^~         \  -  »  a 

2t  ('—  m  -7-  1) 

strut  is  given  by  the  same  formula  divided  by  sin.  o. 

The  nth  section  of  the  upper  or  the  lower  flange  supports 

(m  +  n)  (w  -  n  +  1)  (/>  +  p')  — 

Total  weight  of  the  2m  +  1  struts  =  OTCm+1)SA<1  (p  +  |    A 

sin.*  a  \          b  •  / 

Total  weight  of  the  2  m  —  1  braces  =  m  8  A  t  f  (m  —  1)  p  -\  --      —  p'J  ; 


Total  weight  of  the  upper  flange  =  m(m  +  l)  (4m  —  1)  (p  +  p')     fi  .    ; 
Total  weight  of  the  lower  flange  =  m  (m  +  1)  (4  m  +  5)  (p  +  p')  -         ; 

Total  weight  of  the  two  flanges  together  =  -  m  (m  +  1)  (2  m  +  1)  (/>  +  />')  --  • 

o  n 

52.  Third  arrangement,  Fig.  1655.  This  arrangement  differs  from  the  first,  in  the  fact  of  the 
struts  being  equal  in  number  to  the  braces,  which  will  simplify  the  formulae.  As  the  girder  ends 
with  a  brace,  it  may  be  supported  on  the  ends  of  the  upper  flange,  as  shown  in  the  figure. 

The  weights  applied  to  the  upper  summits  are  all  equal  to  p  8  for  the  permanent  portion,  and 
to  p'  8  for  the  moving  load.  The  maximum  reaction  of  the  abutment,  not  including  the  weight 


which  it  bears  directly  has  the  value  (m  —  ~\  (p  +  p~)  $. 


3  F  2 
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J  =  2m5 

Strain  upon  any  nth  strut  =  — r-    •  f"(2n  —  1) p  +  (m  +  n)  (m  +  n  —  1)  ^J  ; 
Strain  upon  the  nth  brace  =       *       f(2n  —  l)p  +  (m  +  n)  (m  +  n  —  1)  ^-J  ; 

_  81Q.  p  L 

(p  +  p')8f.   ,        ..  8       (2n— 1)"| 
Strain  upon  the  nth  section  of  the  upper  flange  = ^ —     I  (»»  —  »  )  ^  +     tftp   „  J  : 

Which  gives  for  the  first  towards  the  middle,  ^ I  (m*  —  1)  ^  +  iTj^oJ  '• 

Strain  upon  the  nth  section  of  the  lower  flange  =  (m  —  n  +  1)  (m  +  n  —  1)  (p  +  p1)  —  ; 
Which  gives  for  the  maximum  strain  in  the  middle,  JJ-T >  or  g-r ; 

ShtV   r  7m*  — 1      ,~\ 

Total  weight  of  the  2  m  struts  =  —r-: —  I  m*p  H ^ p  I ; 

sin/  a   L     '  o  J 

Sht    l              7m*  —  1    A 
Total  weight  of  the  2  m  braces  =  --.— —  lm*p  ^ ^ — »p  I ; 

1*^4.  »n  J-  1  ^  fm  —  1  ^  X 

Total  weight  of  the  upper  flange  =  m  (p  +  p')  8*  I  — — ^ —       — h 


M  r(4m  —  l)(m+l)S  m    1 

Total  weight  of  the  lower  flange  =  m  (p  +  p')  8*  ^-  -  ^  --  tan^J        ' 

8s  <U 
Total  weight  of  the  two  flanges  together  =  m  (4  TO*  —  1)  (p  +p")    g^    • 

The  difference   between   the  weights    of   the  upper    and   lower  flanges  is  expressed   by 


53.  Particular  case  in  which  o  =  /3.     The  quantity  -  -  -  becomes  -  . 

ton.  p  £» 

Strain  upon  the  nth  struts  and  braces  =  ^—.  -  I  (2  n  —  1)  p  +  (m  +  n)  (m  +  n  —  1)  —  -  I  ; 

2  Bin.  a  L  *  w-l 

(1  \  8* 

m?  —  n*  +  n  --  —  j  (p  +  p")  ^J  ; 

5* 
Strain  upon  the  nth  section  of  the  lower  flange  =  (m  —  n  +  l)(w»  +  n  — 


Total  weight  of  the  2  m  braces  =  (p  +  p')  ^-  -  —  (l  +  -  ^-  q]  ; 

8111.    tt      \  D  fW  / 

Total  weight  of  the  2  m  struts  =  the  preceding  expression  multiplied  by  V  ; 
Volume  of  the  upper  flange  =  volume  of  the  lower  =  m  (4  m?  —  1)  (p  +  p")        ••  . 

If  the  inclination  of  the  bars  is  45°,  the  strains  upon  them  will  be  calculated  by  the 
formula  A  V  2  f(2  n  —  1)  p  +  (m  +  n)  (m  +  n  —  1)  ^-1  ,   and  their   total  weight,  struts    and 

braces  together,  by  4m»  (p  +  pT)  h't(l+  V)  (l  +  ^^  ?)  . 


The  total  weight  of  the  two  flanges  will  be  8m  (4m*  —  1)  (/>  +  /)  —5—,  and  in  the 

o 

expression  of  their  strains  —  should  be  changed  into  2  A.    We  may  also  substitute  —  for  m. 

54.  Particular  case  in  which  3  =  90°.  The  strain  upon  the  extreme  ends  of  the  upper  flange 
is  rendered  nul,  and  the  extreme  braces  are  simple  suspension-rods,  necessary  only  on  the 
hypothesis  that  the  point  of  support  upon  the  abutments  is  taken  at  the  height  of  the  upper 
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flange.    But  if  these  suspension-rods  be  suppressed  and  the  girder  supported  by  the  bottom,  we 

shall  have  exactly  the  case  in  47.    Our  present  formulae  would  give  8  h  t  ( m*p  -{ —  p'  J  as 

the  total  weight  of  the  braces,  including  the  suspension-rods ;  but  the  suppression  of  these  latter 

will  reduce  the  weight  to  (m  —  I)2  6  h  t  (  p  +       ™  ~       »' J   as  in  the  section  above  referred  to. 

\  b  (m  +  1)      / 

In  the  case  in  which  a  =  90°,  the  two  struts  in  the  middle  become  one.  The  hypotheses 
a  =  90°  or  /3  =  90°,  introduced  into  the  general  formula)  of  52,  both  give  the  same  total  weight 
for  the  flanges  and  for  the  lattice. 

55.  Fourth  arrangement,  Fig.  1656.  This  figure  differs  from  the  preceding,  in  the  fact  that 
the  middle  of  the  girder  does  not  coincide  with  one  of  the  loaded  points,  but  falls  in  the  middle 


/=  (2m  +  1)5 


pf  an  interval.  The  dotted  triangle,  in  the  middle,  offers  a  defect  of  symmetry,  if  o  differs  from  0  ; 
it  does  not  resist  when  the  load  extends  throughout  the  length;  one  of  the  bars  which  compose 
it  is  regarded  as  a  strut,  the  other  as  a  brace. 

Strain  upon  the  nth  strut  =  JL  fnp  +  (m  +  »>  (m  +  "  '  +  ^1  ; 
am.  a  L  2  (2  m  +  1)  J 

ox    •  5      T         .(»»  +  »)  (m  +  n  -M)    /I 

Strain  upon  the  nth  brace  =  -  —  -     np  +         n  ,'       ,  ,.  -  P    ', 
sin.  0  L  2  (2  m  +  1)         r  J 

Strain  upon  the  nth  upper  horizontal  section 


Strain  upon  the  nth  lower  horizontal  section  =  (m  —  n  +)  (m  +  n)  (p  +  p")  —  ; 

82 
Maximum  strain  in  the  middle  of  the  flanges  =  m  (m  +  1)  (p  +  p')  JTT  ; 

Total  weight  of  the  2  m  +  1  struts  =  *  <>'*£?'"*  (;•  +  J)  ! 
Total  weight  of  the  2  m  +  1  braces  =  m  ^  ?  8  *  *  (p  +  7-  p')  ; 
Total  weight  of  the  upper  flange  =  m  (m  +  1)  (p  +  p')  82  *  U 


Total  weight  of  the  lower  flange  =  m  (m  +  1)  (p  +  p")  &  t  U  I  -  —  --  tan~fl  J  ' 

2  8s  t  U 

Total  weight  of  the  two  flanges  together  =  -  m  (m  +  1)  (2  m  +  l)(p  +  p')  —  r—  . 

o  »* 

56.  Case  in  which  a  =  £. 

5      r  (»n  +  n)  (m  +  n  +  1)    ,T 

Strain  upon  the  lattice-bars  =  -:  -    np  -j  --  ^7b~     ,  -,  \  -  P     • 

Sin.  a   L  «  \£  m  -f-  t.)  j 


Strain  upon  the  nth  upper  horizontal  section  =  (ma  —  n2  +  m  +  2  n  —  1)  (p  +  p")  jrr  ; 

8» 
Strain  upon  the  lower  horizontal  section  =  (m  +  n)  (m  —  n  +  1)  (p  +  p  )  ^r  ; 

m  (m  +  1)  8  h  t  (1  +  V)  /        7    ,\ 

Total  weight  of  the  lattice  =  —  v    ^    :    ,  —  v       -  '  (p  +  ^Pj; 

sin.1  a  \        b     / 


Total  weight  of  the  upper  flango  =  weight  of  the  lower  flange 

6**  t  \J 
+  1)  (p  +  p')  --. 


If  the  inclination  is  45°,  -7=  may  be  substituted  for  sin.  a,  and  2  A  for  5.    The  quantity  m  i» 
v  2 

then  equal  to  —  —  -  • 

57.  The  case  in  which  ft  =  90°  is  similar  to  the  corresponding  case  of  the  second  arrangement 
in  51.    There  will  be  nothing  changed  except  the  total  weight  of  the  braces,  which  will  amount 
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/         7      \ 
here  to  m  (m  +  1)  3  A  t  (p  +  —  y  I ,  oil  account  of  their  number  being  2  m  instead  of  2  (m  —  1), 

the  extreme  bracea  serving  only  to  suspend  the  girder  from  the  upper  points  of  support. 

irdfrs  uniformly  loaded  on  the  lower  side. — If  we  turn  upside  down  the  various  systems 

which  we  have  been  examining,  the  load  will  be  transposed  to  the  lower  side,  and  we  shall  have 

ly  to  apply  the  same  formula*  with  the  signs  of  the  strains  changed  ;  the  lower  flange  will 

have  become  the  upper,  the  struts  braces,  and  vice  versa.    We  must  also  change  a  into  j3,  and  0 

into  a,  the  symbol  a  being  always  applied  to  struts  and  0  to  braces. 

We  shall  consider  only  the  two  arrangements  shown  in  Figs.  1657  and  1658.  The  first  is 
obtained  by  reversing  the  third  arrangement  of  girders  loaded  on  the  upper  side,  Fig.  1G55.  and 
the  aeoond  by  reversing  the  fourth  arrangement,  Fig.  1G56. 

1657. 


The  formulas  applicable  to  these  two  arrangements  and  to  their  particular  cases  will  be  found 
in  Table  VIII. 

59.  Inclination  of  the  Lattice-bars. — When  the  inclination  a  of  the  bars  is  quite  arbitrary,  it 


should  be  taken  equal  to  45°,  for  a  bar  crossing  an  interval  5,  will  weigh 


sin.  a  cos.  a 


,  which 


amounts  to  — the  lineal  metre  of  girder :  now  this  expression  is  a  minimum  when  a  =  45°. 

sm.  a  cos.  a 

But  simple  lattice-girders  are  usually  divided  into  intervals  of  a  given  length  8,  which  form 
the  base  of  triangles  the  other  sides  of  which  are  a  strut  inclined  to  an  angle  a  and  a  brace 
inclined  to  6,  so  that  these  two  angles  o  and  ft  are  an  implicit  function  one  of  the  other,  for  they 

are  connected  by  the  relation  h  (cot.  a  +  cot.  0)  =  8,  whence  —  = r-^-  ,  8  and  h  being  re- 
tt  a               Sin.    fit 

garded  as  given  constants.    The  weight  of  the  two  bars  of  one  of  the  triangles  has  the  value 
_,,i/    V  1     \         ,  .,  Vcos.  a      cos.  ft       dft 

s  n  t  I  - — - — \-  - — —  I    and  it  becomes  a  minimum  when  we  have  — : — ; J-  — — ; —   •  -=—  =  0, 

\sm.2  a       sin 2  fl/  -"* 3  -        •"•" 3  °        •*  - 


whence 


:  —  ;  = 

sin.3  a        sin.3)8       da 


=  V.    It  would,  therefore,  be  necessary  to  give  the  struts  an  inclination  nearer  the 
tan.  p 

vertical  than  the  braces. 

60.  It  is  easy  to  solve  the  question  from  a  more  general  point  of  view,  by  attributing  distinct 
coefficients  to  each  of  the  two  flanges  and  to  each  of  the  two  systems  of  bars,  as  if,  for  example, 
these  different  parts  were  made  of  different  materials.  On  this  hypothesis  let  {  denote,  for  the 
upper  flange,  the  value  of  the  lineal  metre  of  a  prism  capable  of  bearing  a  net  strain  of  1  kilo- 
gramme, taking  into  account  the  joint-plates  and  other  accessories.  Let  {„  £*,  and  |"  be  the 
analogous  quantities  relative  to  the  lower  flange,  the  struts,  and  the  braces.  And  let  us  take,  by 
yay  of  example,  a  girder  loaded  on  the  lower  side  of  the  system  of  Fig.  1657,  in  which  I  is 
expressed  by  2  m  5. 

The  total  value  P  of  the  girder  will  be  given  by  the  formulae  of  weights  of  Table  VIII.,  by 
suppressing  the  factor  t  and  the  coefficients  U  V,  and  substituting  for  them  the  new  coefficients 
{,  and  so  on.  If  we  put 


4  m*  —  1 


6m 
8,  we  shall  have  P  =  - 


=  c',  and  substitute  the  value 

1  /ft  n 

cot.  a  4*  cot.  B 


for  A,  and  —  for 

cot.  a  +  cot.  ft  2m 


+  c  cot.  a  +  c'  cot.  0    +  fl ; 


BRIDGE.  807 

n  is  the  additional  term  intended  to  include  accessory  pieces,  such  as  gussets,  and  so  on,  regarded  as 
independent  of  A,  as  well  as  of  the  angles  a  and  /3.  The  quantities  a,  a',  c,  c',  are  also  constants, 
for  5,  and  consequently  m,  is  given  ;  the  height  h  is  arbitrary,  but  as  it  has  been  eliminated,  there 
remain  only  the  two  independent  variables  a  and  /3.  For  the  minimum  expense,  the  partial 
derivatives  of  P,  relative  to  a  and  to  /3,  must  be  nul  separately,  which  will  give  the  equations 

(a  +  c)  cot.2  a  +  (c  —  a')  cot.z  0  +  2  (a  +  c)  cot.  a  cot.  /3  —  a  —  a'  =  0, 
and      (c  —  a)  cot.2  a  +  (a'  +  c')  cot.'fl  +  2  (a1  +  c')  cot.  a  cot.  0  —  a  —  a'  =  0. 

Subtracting  one  from  the  other,  member  by  member,  we  obtain  an  equation  of  the  second 
degree  to  determine  the  proportion  of  the  cotangents  or  of  the  tangents.  We  deduce  from  it 
tan.  a  tan.  a 

—  =  —  1,  nrst  value  inadmissible,  and  -  = 
tan.  0  tan.  0 


2,  +  ,  - 


Elimination  leads  to 

rr 

tan.  a  =  -  and  tan.  0  = 


Z  denoting  the  radical 


Consequently,  the  dependent  variable  h  will  have,  as  a  minimum,  the  value 


In  a  girder  consisting  entirely  of  iron  we  have  not  to  distinguish  different  materials,  but  the 
distinction  of  coefficients  may  exist  from  other  causes.    If,  for  example,  we  wish  to  impose  upon 

the  upper  flange  -^-  of  the  coefficient  E  imposed  upon  the  lower  one,  we  must  substitute  K  U  t  for 

A. 

{,  U  t  for  |,  ,  V  t  for  £',  and  t  for  |",  P  then  denoting  the  total  weight  of  the  girder.  But  it  must 
be  remarked  that  the  preceding  calculations  suppose  that  we  may  regard  as  constant  the  co- 
efficients U  and  V,  whilst  it  would  be  more  exact  to  consider  them  as  functions  of  the  height. 
With  this  observation,  when  both  flanges  are  affected  with  the  same  coefficient  (K  =  1),  we  shall 
have  __ 

tan-g  +  2m      4m*-1  ' 


—  - 

tan.  ft  ~     )    I  ~  2  m(V  +  1)  6  m' 

61.  Analogous  calculations  for  the  case  in  which  /  =  (2  in  +  1)5,  Fig.  1539,  would  give  aa  a 
minimum  /         -i 


,  and  A,  = 


=  _      _        .  --  ,  ,       -------  .-  --  - 

2«"(l  +  \  q)  +  «  -  «.  2  (2m  +!)<{•+  0  (l  +  -g  q) 

Z  denoting  the  radical 


For  bridges  constructed  of  plate  iron,  we  should  make  {  =  {,  =  U  *,  g  =  \t  and  {"  =  t  ;  and, 
consequently,  we  should  take,  U  and  V  being  regarded  as  nearly  constant, 

tan.  «  /  _  _  \/Vj_(IUiii-nTU(V+l) 

tan^  =  V'  ^  A'  =  (2»>  +  l)(V4-D        V+       -TT1": 

*"  2  l 

But  as  a  function  yaries  little  when  near  a  minimum,  we  need  not  bind  ourselves  to  follow  strictly 
the  rules  obtained  for  the  best  proportion  of  the  inclinations  a  and  /3.  Thus  they  are  generally 
made  equal  to  each  other,  which  is  of  a  more  satisfactory  aspect. 

62.  Deflection.  —  The  deflection  of  a  simple  lattice  under  the  influence  of  a  certain  load  will,  in 
general,  be  easy  to  determine,  when  we  have  the  sections  of  all  the  pieces  and  the  exact  figure  of 
the  system  under  a  determinate  load  given.  Then  the  load,  the  effect  of  which  we  wish  to  consider, 
will  produce  upon  the  several  parts  extensions  or  contractions  easy  to  calculate,  so  that  we  can 
know  the  length  of  all  the  pieces  after  deflection,  and  the  angles  may  afterwards  be  found  by 
trigonometrical  formulae.  The  determining  figure  being  known,  we  may  deduce  the  curve  of  the 
flanges,  the  inclination  at  their  extremities,  and  so  on, 
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Coefficient  U  applicable  to  th«  Flanget. — Coefficient  of  stiffness  Y, — Supplementary  term  fl. — General 
form  of  tht  Formula  for  Wcijht. — 63.  Coefficient  U.  This  coefficient  is  intended  to  take  into 
account  the  joint-plates  of  the  flanges,  and,  beyond  this,  the  impossibility,  in  practice,  of  reducing 
the  latter  exactly  to  the  dimensions  given  by  calculation. 

1.  Joint-ptates.—The  narrower  an  iron  plate  is,  the  longer  it  may  be,  BO  that  small  girders  will 
coat  proportionally  lest  in  joint-plates  than  largo  ones.  But  even  for  these  latter,  with  plates  of 
0*80  metre  broad,  for  example,  we  may  reckon  upon  length.*  of  6  metres.  If  at  each  joint  we  havo 
•  distinct  joiut-plato  of  0*80  metre  long  (O'iO  metre  on  each  side  of  the  joint),  the  quantity  to  bo 

added  the  metro  of  plate  would  be =  0'134;    but  we  may  reduce  this  figure  to  O'll,  in 

consideration  of  the  fact  that  the  angle-irons  of  the  flange  may  reach  lengths  of  more  than  12 
metres,  and,  consequently,  will  cost  less  in  joint-plates  than  the  plates  of  the  flanges.  This  addi- 
tional quantity  of  U*  11  may  bo  regarded  as  the  highest  limit  of  the  cost  of  joint-plates  in  tho  cuso 
of  flanges  of  inconsiderable  section  composed  of  a  single  horizontal  plate. 

Hut  when  tho  maximum  moment  of  rupture  requires  a  strong  section  of  flange,  they  are  com- 
posed  of  several  plates  placed  one  upon  another,  and  in  that  case  a  single  joint-plate  may  servo 
lor  several  joints  placed  after  each  other  at  intervals  of  0  •  40  metre.  For  example,  a  joint-plate  of 
1*60  metre  may  cover  three  joints,  which  will  reduce  the  additional  quantity  to  0*089.  If  wo 
consider  as  an  hypothetical  limit  an  extremely  low  girder,  such  that  the  number  of  flange-plates 
shall  bo  very  great,  the  joint-plates  would  be  as  long  aa  possible,  and  would  have  a  tendency  to 
weigh,  for  each  joint  covered,  only  the  half  of  the  weight  of  a  distinct  joint-plate  of  0  •  80  metre. 
Wo  may  thus  include  tho  joint-plates  in  our  calculations  by  applying  to  the  flanges  a  coefficient 
Tarying  from  1  '06  to  I'll,  according  as  these  latter  are  of  great  thickness  (as  if  the  height  were 
nulX  or,  on  tho  contrary,  reduced  to  the  minimum  section  that  may  practically  bo  adopted  without 
depriving  the  girder  of  its  necessary  rigidity,  having  regard  to  its  other  dimensions.  These 
figures  may  be  reduced  a  little  in  the  case  of  plates  0*30  or  0'40  metre  broad,  for  example,  which 
•would  allow  us  to  reckon  upon  lengths  greater  than  6  metres. 

In  heavy  girders  the  number  of  plates  diminishes  towards  the  extremities,  and  it  will  be  only 
in  the  middle  that  the  coefficient  may  reach  the  limit  1  •  06  metre.  But,  to  compensate  this,  it 
often  happens  that  at  the  extremities  the  first  joints  of  the  first  plates  may  be  covered  by  increasing 
slightly  the  length  of  the  strengthening  plates. 

2.  Excesses  of  Section. — The  section  of  the  flanges  cannot  be,  throughout  the  length,  reduced 
strictly  to  the  value  required  by  calculation,  chiefly  on  account  of  the  facts  that  the  variation 
takes  place  by  redans  or  gradations,  and  that  at  those  points  in  which  the  moment  of  rupture 
is  inconsiderable,  we  cannot  practically  reduce  the  section  below  a  certain  minimum.  Instead  of 
a  small  number  of  very  thick  plates,  we  shall  find  it  a  saving  of  material  to  employ  a  larger 
number  of  less  thickness.  But  to  abstract  these  thicknesses,  let  us  consider,  as  above,  the  limiting 
eases.  IT,  in  the  first  place,  the  height  were  nul,  the  number  of  plates  of  ordinary  thickness 
would  be  very  great,  and  the  redans  would  be  only  an  imperceptible  fraction  of  the  total  weight. 
If,  on  tho  contrary,  the  height  reaches  a  value  H,  such  that  the  weakest  section  that  we  wish  to 
give  to  tho  flanges  shall  be  sufficient  in  the  middle,  the  flange  will  be  prismatic  instead  of  forming 
a  parabolic  volume,  as  the  formulae  for  the  case  of  a  continuous  load  suppose.  To  establish  tho 
prism  in  its  integrity,  we  must  multiply  the  value  of  the  formula  by  a  coefficient  of  1  '50,  affecting 
generally  the  joint-plates  which  increase  in  the  same  proportion. 

64.  Thus  the  total  coefficient  U  to  be  applied  to  the  flanges  for  joint-plates  and  excesses  of 
section  may  be  taken  equal  to  1'06  for  A  =  0,  and  to  I'll  X  1'50  =  1'66  for  the  limiting  height 
H,  which  renders  necessary  a  constant  section  in  the  flanges.    We  may,  therefore,  approximatively 

adopt,  for  any  value  of  h,  U  =  1-06  +  0-60  5  • 

11 

Usually  the  volume  of  the  flanges  is  inversely  proportional  to  A,  so  that  the  second  term  of  U 
will  give  a  quantity  independent  of  A.  Consequently,  in  seeking  the  most  economical  height,  this 
constant  term  will  have  no  influence,  and  we  shall  have  simply  to  substitute  1  •  06  for  U. 

65.  When  the  load  is  applied  to  certain  intervals  only,  we  may  still  admit  the  preceding 
expression  of  U.    Yet.  from  the  observation  in  43,  it  will  be  more  exact,  if  the  bearing  is  divided 

N2 
into  N  intervals,  to  multiply  the  theoretical  weight  by  1-50  ^ ,  instead  of  1*50,  when  there 

is  occasion  to  return  to  the  prismatic  form  in  the  case  of  the  limiting  height  H.    The  coefficient 

will  then  be  expressed  by  the  function  U  =  1-06  +  f1'*®  *f  -  1'Oe)  4 

\  .N    —  1  /  a. 

In  simple  lattice  bridges,  U  has  a  tendency  to  increase  slightly  on  account  of  the  vertical  roda 
serving  to  fix  the  bars,  for  these  rods  give  a  certain  rigidity  to  the  flanges  which  affects  the 
resistance  by  easing  the  oblique  bars,  but  at  the  same  time  by  producing  in  the  flanges  deflecting 
strains  and  an  unequal  distribution  of  pressure.  The  best  way  to  take  this  into  account  is  to 
consider  the  two  flanges  as  forming  a  solid  whole  resisting  by  its  summit  of  resistance. 

In  girders  loaded  in  a  discontinuous  manner,  theory  itself  requires  that  the  flanges  should  vary 
by  sudden  leaps  from  one  section  to  another,  but  we  cannot  wholly  get  rid  of  the  loss  occasioned 
by  the  redans,  on  account  of  the  difficulty  of  making  the  extra  thicknesses  prescribed  by  calculation 
coincide  exactly  with  the  usual  thicknesses  of  plate  iron. 

66.  The  limiting  height  H  to  be  considered  in  calculating  U,  may  be  taken  equal  to  — ,  *, 

O    XV    SQ 

being  the  minimum  section  that  we  wish  to  give,  or  that  we  may  give,  to  the  flanges.  Consequently 
the  value  of  U.  considering  only  the  case  of  a  continuous  load,  will  be  U  =  1  •  06  +  i '  80 —^  * 
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In  a  girder  composed  of  triangles,  we  may  regard  as  nearly  constant  the  ratios  -  and  ^- ;  or  at 

least  if  s0  has  a  tendency  to  be  proportionally  a  little  stronger  in  small  girders  than  in  large  ones, 
BO  that  U  will  decrease  slightly  when  A,  and  consequently  /,  increases ;  on  the  other  hand,  small 

girders  cost  less  in  joint-plates,  and  we  may,  therefore,  regard  U  as  expressed  by  1-06  +  — ^—7, 
c  being  a  constant  independent  of  /. 

67.  The  preceding  remarks  concern  straight  girders.    In  bow-string  girders,  the  joint-plates 
will  have  the  same  proportional  value,  but  if  the  lower  flange  be  straight,  it  will  have  a  constant 
section,  and  there  will  be  no  loss  for  redans ;  besides,  the  section  of  the  flanges  is  utilized  quite 
to  the  extremities,  whilst  in  straight  girders  there  is  always  an  excess  of  section  at  the  ends.    On 
the  other  hand,  the  bow  and  the  chord,  or  stringer,  in  a  bow-girder  are  fixed  together  at  the  ends  by 
iron  plates,  which  may  be  considered  as  forming  an  integral  part  of  the  flanges.     When  the  height 
is  inconsiderable,  the  strain  between  the  bow  and  the  chord  will  be  great,  and  the  gusset  must  bo 
very  long,  but  its  mean  breadth  will  be  less  than  in  a  girder  having  a  versed  sine  or  rise  of  great 
magnitude.    The  coeflicient  U  will  vary  but  little  in  bow-string  girders,  and  may  be  taken  from 
1-25  to  1-35. 

68.  Coefficient  of  stiffness  V. — The  pieces  subject  to  compression  have  a  tendency  to  deviate 
from  the  straight  line  when  they  have  a  weak  section  and  great  length  ;  therefore,  we  are  obliged 
in  such  cases  to  give  them  an  excess  of  section,  that  is,  instead  of  calculating  them  for  a  pressure 
of  6000000  kilos,  the  square  metre,  we  shall  calculate  them  for  a  less  pressure  K  ;  or  having  cal- 
culated them  for  6000000  kilos.,  we  must  multiply  the  section  so  obtained  by  a  coeflicient 

_  6000000 

T~ 

For  flat  bars,  simply  abutting  against  others  at  their  extremities,  we  may,  from  the  results  of 
experience,  admit  the  following  figures : — 
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The  bars  of  lattice-girders  being  usually  attached  nt  their  extremities  by  several  rivets,  may  be 
regarded  as  welded  or  shut  on,  and  we  shall  obtain  additional  security  by  observing  the  preceding 
data. 

But  flat  bars  have  precisely  the  worst  possible  form  to  resist  a  strain  of  compression.  This 
obliges  us  to  increase  the  number  and  to  place  them  near  together,  in  order  that  each  isolated  part 
may  have  the  necessary  rigidity  without  giving  to  V  too  high  a  value.  But  the  rivetings  at  tho 
points  where  the  bars  cross  each  other  are  not  all-sufficient,  for  the  compressed  bars  are  badly 
supported  by  being  fixed  to  other  bars  as  flexible  as  themselves ;  when  the  number  of  lattice-bars 
becomes  great  and,  in  consequence,  the  sections  become  very  inconsiderable,  the  struts  may  yield 
by  numerous  deflections,  twisting  the  braces,  some  in  one  direction,  some  in  another,  an  effect 
similar  to  the  wrinkles  which  show  themselves  upon  a  thin  membrane  stretched  in  a  frame,  when 
the  angles  of  the  frame  are  distorted.  It  follows,  that  we  ought  to  employ  flat  bars  only  for  girders 
of  small  height  and  heavily  loaded,  unless,  indeed,  the  rigidity  of  the  vertical  middle  part  of  tho 
girder  be  sufficiently  provided  for  by  upright  stays.  If  these  stays  serve  no  other  purpose  than  to 
stiffen  the  part  in  question,  it  will  generally  be  better  to  suppress  them  and  to  strengthen  directly 
the  resisting  lattice-bars,  either  by  increasing  the  section,  or  better,  by  adopting  another  form, 
such  as  that  of  angle  or  *\  iron.  The  braces,  if  nothing  prevents  it,  should  be  constructed  in  the 
same  way,  because  their  rigidity,  useless  to  themselves,  lends  a  support  to  the  struts.  Sometimes 
these  upright  pieces  are  needed  to  fix  tie-beams  on  one  side  only  of  the  girder ;  it  will  be  sufficient, 
in  this  case,  if  they  project  upon  this  same  side,  which  will  allow  us  to  construct  half  of  the  oblique 
bars  of  stiff  iron,  the  mouldings  of  which  shall  be  turned  in  the  opposite  direction,  to  avoid  cutting 
them  away  at  the  points  where  they  cross  each  other. 

69.  The  influence  of  the  form  of  the  sections  being  established,  it  remains  to  be  seen  how  wo 
can  consider  the  rigidity  in  the  various  cases  which  may  present  themselves. 

Now  the  curve  which  a  piece  under  the  force  of  compression  tends  to  assume  is  a  real  deflection, 
which  requires,  not  a  certain  area  of  section,  but  a  sufficient  moment  of  resistance.  In  plate  iron 
we  may  regard  the  thickness  as  being  nothing  but  the  ratio  of  tho  moment  of  resistance  M  expressed 
by  the  coefficient  B  =  6000000,  to  the  section  S  expressed  in  square  millimetres.  Thus,  to  gene- 
ralize tho  Table  in  the  preceding  section,  it  is  sufficient  in  the  ratio  -,  applied  to  any  section, 

to  substitute  the  ratio  —  for  e,  which  we  may  call  reduced  thickness,  or  imaginary  thickness,  in  tho 

B 
direction  in  which  deflection  is  to  be  feared,  and  in  which  the  moment  of  resistance  M  is  taken. 

70.  When  compressed  bars  are  unsupported  throughout  their  length,  as  is  the  case,  for  example, 
in  girders  formed  of  simple  triangles,  they  should  have  a  section  possessing  a  rigidity  equal  in  all 
directions.     Such  would  be  the  round  form,  but  it  offers  practical  difficulties. 

The  section  in  the  form  of  a  cross  with  four  equal  branches,  may  bo  advantageously  employed ; 
it  offers  a  moment  of  inertia  constant  in  all  directions.  As  to  the  moment  of  resistance,  whirh 
depends  on  the  distance  of  the  fibre  subject  to  the  greatest  strain  from  tho  centre  of  gravity,  it  is 
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s'j  times  greater  in  the  direction  of  the  lines  bisecting  the  angles  than  in  the  direction  of  the 
arm- ;  but  as  deflation  will  always  take  place  in  the  weakest  part,  we  can  reckon  only  upon  a 
reduced  thickness,  exceeding  but  little  the  dimension  of  one  of  the  four  arms,  when  these  latter 
have  a  constant  thickness.  Figs.  1G5U  to  1667  represent  some  sections  in  the  form  of  a  cross, 
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composed  of  angle-iron  and  plate ;  this  mode  of  construction  causes  irregularities  of  thickness, 
and  the  moment  of  resistance  is  affected  by  it  according  as  the  material  is  accumulated  towards 
the  centre  or  towards  the  extremities.  Under  each  of  the  sections  in  the  figures  will  be 
found  the  reduced  thickness,  taken  in  the  direction  of  least  stiffness  when  the  branches  are  not 
identical. 

71.  The  single  "T°  ifl  more  convenient  for  fixing  than  the  section  in  the  form  of  a  cross,  and  it 
offers  also  a  slight  advantage  from  the  point  of  view  of  resistance  in  the  direction  of  the  web.    If 
we  consider  only  the  moment  of  inertia,  it  is  easy  to  make  it  rigorously  equal  N»- 

in  all  directions.    To  effect  this,  we  have  merely  to  proportion  the  arms  and 

the  web  so  that  the  moment  of  inertia  in  their  respective  directions  C  D 

and  A  B,  Fig.  1668,  shall  remain  the  same.     In  fact,  on  account  of  the 

symmetry,  the  directions  at  45°  M  N  and  M'  N'  give  equal  moments  of 

inertia:  the  central  ellipse  of  inertia  will,  therefore,  offer  two  systems  of 

equal  rectangular  diameters,  which  is  found  only  in  the  circle.    But,  as  is 

the  case  with  the  cross,  the  moment  of  resistance  will  be  smaller  in  the       ^ 

principal  directions  than  in  the  others ;  and  if  the  reduced  thickness  is  made  M ' 

equal  in  these  two  directions,  .we  shall  reckon  only  upon  the  value  which  it  will  so  possess  as 

if  it  remained  constant  in  all  directions. 

The  double  ~\"  cannot  be  made  to  resist  eaually  in  its  two  chief  directions,  because  this  condition 
would  require  flanges  of  excessive  breadth. 

72.  For  bars  of  small  dimension  we  may  employ  single  angle-iron.     This  form  offers  least 
stiffness  in  the  direction  of  the  line  bisecting  the  angle.    If  the  angle-iron  is  thin  and  its  branches 

c 
have  a  breadth  c,  we  may  regard  the  minimum  reduced  thickness  as  equal  to  — =•  or  0'7  c.     The 

v  2 
central  ellipse  of  inertia  of  such  an  angle-iron  has  its  major  axis  double  the  minor ;  the  minimum 

2 

moment  of  inertia,  a  quarter  of  the  maximum,  is  =-  of  the  moment  of  inertia  in  the  direction  of 

o 

one  of  the  branches. 

As  an  application  of  the  foregoing,  suppose  a  bar  compressed  by  a  strain  of  5  tons,  upon  a  free 
length  of  3  metres.  An  angle-iron  of  0' 080  metre  broad  will  give  a  minimum  reduced  thickness 

3 
of  about  0'056  metre,  and  the  ratio  of  the  length  to  this  thickness  will  be  =  53.    This 

U "  UO\J 

value  authorizes  the  adoption  of  R  =  2k'8  per  square  millimetre,  which  leads  to  a  section  of  1790 
square  millimetres :  this  section  will  be  obtained  by  giving  to  the  angle-iron  a  mean  thickness 
equal  to  0'012  metre.  If  this  thickness  did  not  suit,  we  should  try  an  angle-iron  of  a  different 
breadth. 

We  must  proceed  thus  tentatively  for  every  question  of  the  same  kind.  We  may  calculate 
in  advance  the  compressions  which  a  certain  mimber  of  model  sections  will  bear,  under  various 
lengths,  and  these  data  will  serve  as  a  guide  in  determining,  at  sight,  the  modified  sections  which 
will  suit  given  cases. 

When  the  load  is  great  and  the  length  inconsiderable,  we  may  adopt  thicker  sections  and 
suppress  the  coefficient  of  stiffness.  It  is  advisable,  however,  in  such  cases,  to  preserve  an  excess 
of  riiridity. 

73.  In  multiple  lattice-girders,  a  compressed  bar  is  fixed,  in  the  points  where  they  cross,  to 
ether  bars  subject  to  tension,  but  which  generally  act  more  effectually  against  a  deflection  in  the 
plane  of  the  vertical  because  they  cannot  resist  a  deviation  normal  to  this  plane ;  in  fact,  if  the 
braces  are  flexible  bars,  they  will  resist  perfectly  a  strain  of  tension  directed  in  the  direction  of 
their  length,  but  very  badly  a  transverse  strain,  which  would  bend  them  in  a  very  marked  manner. 
Thus,  with  regard  to  deflection  in  the  plane  of  the  vertical,  we  may  consider  the  compressed  bar 
as  subdivided  into  shorter  portions  which  may  be  stiffened  separately ;  and  as  to  deviation  out  of 
the  plane  of  the  vertical,  it  will  be  better  not  to  reckon  upon  the  tension  of  the  braces,  but  only 
upon  their  rigidity  which  will  supply  what  is  wanting  to  the  strut.    The  connection  at  the  points 
where  they  cross  each  other  may,  therefore,  improve  the  relation  of  the  length  to  the  reduced 
thickness,  in  the  plane  of  the  vertical  because  it  reduces  the  length,  and  in  the  direction  normal  to 
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this  plane  because  the  rigidity  of  the  braces  assists  that  of  the  struts.  However,  this  must  not 
induce  us,  from  the  point  of  view  of  rigidity,  to  multiply  the  lattice  as  much  as  possible,  for  so  we 
weaken  each  bar  taken  individually,  and  we  should  at  length  produce  a  girder  the  vertical  portion 
of  which  would  be  liable  to  crumple  up  like  a  thin  sheet  of  iron. 

74.  Let  us  consider  the  case  of  a  simple  cross  formed  by  two  bars  of  the  same  length  and  the 
same  section :  the  strain  of  deviation  which  tends  to  throw  the  centre  of  the  cross  out  of  the  plane  of 
the  vertical  meets  with  an  equal  resistance  from  each  of  the  two  bars,  omitting  the  special  effect 
due  to  the  tension  of  the  brace ;  consequently  the  strut  will  be  required  to  furnish  only  a  moment 
of  resistance  or  a  reduced  thickness,  less  by  half  than  in  the  case  in  which  it  is  isolated.    Although 
its  resisting  section  is  not  increased,  it  will  be  regarded  as  having  the  same  reduced  thickness  as 
a  single  piece  formed  by  the  superposition  of  the  two  branches  of  the  cross. 

When  the  brace  has  less  rigidity  than  the  strut,  the  latter  1669< 

must  be  more  rigid  in  the  direction  normal  to  the  vertical. 
We  may  give  it  a  reduced  thickness  equal  to  the  sum  of  its 
own  and  tliat  of  the  brace. 

75.  The  vertical  bars  which  are  sometimes  applied  to  a 
lattice  to  consolidate  it,  act  in  an  analogous  manner.    Having 
no  longitudinal  strain  to  bear,  the  area  of  their  section  is 
of  little  consequence ;  they  act  only  by  their  moment  of  resist- 
ance. 

Suppose,  for  example,  Fig.  1669,  a  flexible  bar  A  B,  held 
in  its  middle  C  by  a  rigid  vertical  bar  D  E.  If  the  latter  were 
absent,  the  bar  A  B  could  be  subjected  to  a  compression  of 
G  kilogrammes  a  square  millimetre  only  under  the  condition  that  the  ratio  of  its  length  A  to  its 

reduced  thickness  -^  (see  69)  did  not  exceed  15 ;  whicn  is  equivalent  to  saying  that  it  should 

C5 

x  S 
have  a  moment  of  resistance  at  least  equal  to  -=-£•  (the  section  S  being  expressed  in  square  milli- 

J.O 

1  Cl 

metres),  precisely  as  if  the  point  0  were  subjected  to  a  transverse  strain  equal  to  —  ;  but  as  the 

Ao 
bar  is,  of  itself,  incapable  of  resisting  this  strain,  we  may  impose  it  upon  the  vertical  bar  which 

on  this  account  should  possess  a  moment  of  resistance  equal  to  — —  ,  the  section  S  being,  not  its 

J.O 

own,  but  that  of  the  bar  to  be  strengthened.  Thus,  by  its  less  length,  the  vertical  bar  may 
furnish  a  determinate  rigidity  with  a  less  moment  of  resistance :  it  is,  however,  generally  better  to 
increase  the  section  itself  of  the  bar  and  to  suppress  the  vertical,  for  by  that  means  we  diminish 
the  pressure  per  unity  of  surface,  which  requires  less  rigidity. 

If  the  bar  A  B  already  possesses  of  itself  a  certain  rigidity,  it  may  take  a  portion  x  of  the 

x  \3 

strain  of  deflection  in  C.    It  will  then  be  deflected  by  a  quantity  (E  =  modulus  of  elas- 

48  .fcj  L 

ticity,  I  =  moment  of  inertia)  which,  on  account  of  their  being  fixed  together,  must  be  equal  to 
the  versed  sine  of  the  arc  assumed  by  the  vertical  bar ;  this  condition  gives  the  equation 

•r  ( 1-  —  J  =  — ,  whence  we  deduce  x.    Consequently  the  vertical  bar  will  be  required  to 

y^  i         i  J         10  J. 

furnish  only  a  supplementary  moment  of  resistance  equal  to  (  —  —  x  \  -  • 

We  might  apply  analogous  considerations  to  the  less  simple  case  in  which  C  is  not  the  middle 
either  of  the  oblique  or  of  the  vertical  bar. 

For  a  cross  formed  of  two  bars  of  the  same  section  and  the  same  free  length  A,  wo  shall  have 

2  S 
x  =  —  ,  and  each  bar  will  furnish,  as  we  have  already  seen,  a  moment  of  resistance  equal  to  the 

ID 
half  of  that  which  the  compression-bar  ought  to  have,  if  it  were  deprived  of  all  assistance. 

76.  In  a  multiple  lattice  with  flexible  braces,  the  struts  must  be  capable  of  greater  transverse 
resistance  in  the  direction  normal  to  the  vertical  part  of  the  girder  than  in  the  direction  of  the 
vertical  part.    Figs.  1670  to  1684  give  as  examples  various  sections,  with  tlicir  reduced  thicknesses 
in  the  direction  of  greatest  resistance ;  it  will  be  seen  that  the  forms  in  U  or  double  "f  a™  very 
good,  for  they  give  reduced  thicknesses  which  exceed  by  much  the  apparent  dimension. 

If,  for  instance,  we  have  to  construct  a  picf-o  8  metres  long,  capable  of  resisting  a  maximum 
strain  of  compression  of  10  tons  only,  the  fifth  section  gives  aa  the  ratio  of  the  length  to  the  reduced 

thickness  — - —  =  50.    According  to  the  Table  in  68,  the  piece  ought  to  bear  a  strain  of  only 

0  "  15»7 

3  kilogrammes  a  square  millimetre,  and  it  is  capable  of  bearing  3500  X  3  =  10500  kilogrammes, 
which  is  something  more  than  sufficient.  Adopting  this  section,  the  coefficient  of  stiffness  would 
be  2  •  10 ;  but  it  would  be  more  advantageous  to  adopt  a  U  iron  of  less  weight. 

77.  The  principle  of  increased  section    in  the  middle  applied  to  the  connecting-rods  of 
machines,  may  also  be  adopted  for  the  struts  of  very  important  girders.    This  may  be  one*  'I 
by  applying  plates  to  the  middle  of  the  piece,  precisely  as  in  the  case  of  girders  loaded  trans- 
versely. 

It  is  always  useful,  in  multiple  lattices,  to  give  to  the  tension-bars  sections  with  project! 
mouldings,  at  least  as  much  as  possible  without  making  tin;  area  of  tin-  sri-ti.m  «-\c. •.-,!  th«'  value 
corresponding  to  a  strain  of  6  kilogrammes  the  square  millimetre.  When  the  length  becomes  M>  great 
that  this  condition  of  area,  applied  to  the  struts  and  braces,  does  not  allow  us  to  realize  a  sufficient 
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rigidity,  wo  must  have  recourse  to  a  coefficient  of  increase  V,  which  may  be  exclusively  applied 
to  the  struts,  or  divided  between  these  and  the  braces  when  nothing  prevents  us  from  giving  to  the 
latter  continuous  projecting  mouldings. 

Sometimes  accessory  arrangements  contribute  to  stiffen  the  vertical  portion  of  girders ;  such  is  tho 
case,  for  instance,  Figs.  1580,  1585,  where  the  cross-girders  are  placed  in  the  middle  of  the  height. 

These  various  considerations  no  doubt  are  not  exhaustive,  but  they  will  be  sufficient  to  enable 
us  to  choose,  in  every  case,  the  best  forms;  and  when  it  may  be  done  at  a  small  cost,  it  will  always 
be  prudent  to  have  an  excess  of  rigidity. 

78.  When  we  wish  to  find  as  near  as  possible,  without  going  through  a  complete  calculation, 
the  weight  which  a  girder  fulfilling  certain  given  conditions  would  have,  we  may  proceed  as 
follows  to  find  the  value  of  the  mean  coefficient  V  to  be  applied  to  the  parts  of  the  lattice  under 
compression. 

We  calculate  the  strains  Q ,  and  Q  2  upon  the  strut  which  bears  the  least  strain  (in  the  middle), 
and  upon  the  one  which  bears  the  greatest  strain  (at  the  end) ;  then,  having  regard  to  their  length, 
we  consider  what  sections  it  would  be  necessary  to  give  them,  and  we  deduce  the  coefficients  of 
stiffness  r,  and  vv  special  for  these  two  bars.  The  total  weight  of  the  struts  will  then  be  nearly 

proportional  to  the  mean  —  (Q,  t,  +  Q2  rt)  whilst  if  the  question  of  rigidity  did  not  interfere,  it 

1 

would  be  proportional  to  the  mean  -  (Q,  +  Q2)  of  the  limiting  strains ;  we  may  thence  conclude 

A 

approximatively  V  =  Q' 

79.  If  some  of  the  end  struts  could  snpport  a  strain  of  6  kilogrammes,  the  general  coefficient 
would  be  smaller  still.    We  should  then  seek  the  least  section  under  which  a  strut  can  bear 
6  kilogrammes,  having  regard  to  its  free  length  and  other  circumstances,  and  determine  the  load 
Q,  which  it  would  carry  with  this  section ;  then  we  should  make  approximatively 

v  -  Q»*-Q.Q»  +  Qipi(Q3-Qi) 
Q,'-Qx' 

80.  The  mean  coefficient  V  may  also  be  expressed  by  means  of  the  variable  coefficient  c  appli- 
cable to  the  successive  bars,  by  making  V  =  — =^.  We  might  obtain  from  section  6  the  values  of  F 

2  I' 

and  2  F;  but  to  calculate  2  F  e,  we  should  have  to  express  the  law  of  variation  of  c  according  to 
that  of  the  strains.  Now  this  law  would  be  too  complicated  or  too  arbitrary  to  lead  by  this 
method  to  a  satisfactory  result,  and  it  is  preferable  to  trust  to  the  approximative  formula  in 
section  78. 

81.  By  increasing  the  height  of  a  girder  we  weaken  its  middle,  or  vertical  portion,  and  this 
obliges  us  to  raise  the  value  of  the  coefficient  V  in  order  to  preserve  a  sufficient  rigidity. 

To  find  the  mode  of  variation  of  Vwith  the  height  h  of  the  girder,  we  may  remark  in  the  first  place  that, 

according  to  the  values  of  the  Table  in  68,  as  long  as  the  ratio  —  does  not  exceed  50  or  55,  V  will  be 

6 

accurately  enough  represented  by  the  function  0-57  4-  ^-  —  with  the  condition,  however,  that  it 

35    e  ' 

cannot  become  less  than  unity.  In  this  expression,  the  reduced  thickness  c  depends  on  the  form 
and  area  of  the  section,  and  this  area  is  a  function  of  the  load  Q  which  the  piece  supports  and  of 

the  coefficient  V :  it  is  expressed  by  -^—  - 
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If  the  section  vary  in  such  a  way  that  on  dividing  it  by  the  reduced  thickness,  the  quotient  I 

Q  V  i    l*  A  / 

is  constant,  we  shall  havee  =  -=—  -,  and  consequently  V  =  0-57  +  --  —  ,  whence 


=  0'29+ 


oo  Q 


For  example,  for  girders  composed  of  triangles  or  crosses,  expressing  the  length  A  of  the  bare  and 
their  strain  Q  by  means  of  the  height  h  of  the  girder  and  the  whole  strain  F,  we  shall  have 

V  =  0  •  29  +  V  0  •  082  +  ggp  h.    For  a  multiple  lattice  of  the  i  degree,  we  have  only  to  change  F 

into?. 
t 

If  the  section  varied  while  remaining  similar  to  itself,  the  quotient  of  the  square  of  the  section 
by  the  reduced  thickness  would  be  constant,  and  V  would  be  determined  by  an  equation  of  the 
third  degree. 

Thus,  keeping  to  the  simplest  case  first  considered,  V  will  be  expressed  in  terms  of  the  height 
by  formulae  of  the  form  a  -f  */b  +  c  h.  But  as  there  is  nothing  absolute  in  the  value  of  this 
coefficient,  nor  in  the  relation  of  the  section  to  the  reduced  thickness,  on  account  of  the  great 
diversity  of  form,  we  may  content  ourselves,  in  the  investigation  of  the  most  economical  heights, 
with  replacing  V  by  a  rational  function  of  the  first  degree  a  +  6  h,  determined  by  means  of  two 
particular  values  of  this  coefficient  for  heights  differing  not  too  widely,  but  including  between  them 
the  height  sought.  This  is  equivalent  to  replacing  an  arc  by  its  chord. 

82.  Circumstances  other  than  the  condition  of  rigidity  may  oblige  us  to  increase  the  weight  of  the 
vertical  portion  of  a  girder  beyond  the  limits  prescribed  by  theory.    For  example,  in  a  multiple 
lattice  in  which  the  bars  are  very  numerous,  their  section  is  not  made  to  vary  in  a  perfectly  con- 
tinuous manner,  but  only  by  successive  groups  ;  so  that  the  greater  portion  of  them  will  possess  & 
slight  excess  of  weight.    Then  again  in  the  parts  in  which  the  stress  is  inconsiderable,  it  often 
happens  that  we  cannot  in  practice  make  the  bars  so  slender  as  they  are  required  to  be  by  calcu- 
lation.    Besides,  when  the  section  is  inconsiderable,  a  single  rivet-hole  weakens  it  in  a  propor- 
tionally great  degree.     This  is  another  reason  for  increasing  the  dimensions.      These  several 
augmentations  might  give  occasion  for  a  new  coefficient  applied  to  the  whole  of  the  vertical  portion" 
of  the  girder,  but  it  will  simplify  the  matter  to  include  them  in  the  coefficient  V  by  raising  its  value 
sufficiently  high. 

83.  Supplementary  term  fl.  —  To  complete  the  computation  of  the  weight  of  a  girder,  we  must 
include  certain  accessory  pieces  the  dimensions  of  which  are  nearly  independent  of  the  height  of  the 
girder,  and  which  may  be  represented  by  a  constant  additional  term  A.    Such  are,  for  example, 
in  lattice-girders,  the  gussets  at  the  points  where  the  bars  cross  each  other,  joint-plates  and  other 
contrivances  for  making  the  rivets  offer  a  double  section  to  the  strain  upon  them.    On  the  other 
hand,  these  special  pieces  are  partly  compensated  by  the  fact  of  the  lattice-bars  ending  at  the  edge 
of  the  longitudinal  angle-irons  of  the  flanges,  so  that  their  length  is  slightly  inferior  to  that 
supposed  in  the  formulae.     Sometimes  certain  accessory  pieces  may  be  considered  as  increasing  in. 
a  certain  proportion  with  the  height  ;  in  these  cases  we  may  include  them  in  the  coefficients  U  or 
V  according  as  they  belong  to  the  flanges  or  to  the  vertical  portion. 

84.  General  form  of  the  Formula  giving  the  Weight  of  Girders,  and  the  most  advantageous  Heights.  — 
The  total  weight  of  a  girder  is  obtained  by  adding  the  terms  referring  respectively  to  the  flanges, 
to  the  vertical  portion  and  to  the  accessories  independent  of  the  height.     Dividing  by  the  length 
of  bearing,  we  shall  have  the  mean,  weight  of  the  lineal  metre. 

In  this  mean  weight,  the  flanges  will  appear  as  a  quantity  expressed  by  —  -  —  f  G  denoting  the 

mean  ordinate  of  the  locus  of  the  maximum  moments  of  rupture  (that  is,  —  (p  +  p')  P  in  the  case 

U 

of  a  single  bay  and  a  continuous  load).    As  U  is  of  the  form  a  +  b  h  (64),  the  flanges  are  divided 
into  a  part  inversely  proportional  to  A,  and  a  part  which  is  constant. 

In  girders  composed  of  simple  triangles  or  crosses,  8  being  constant,  the  inclination  of  the  bars 
is  a  function  of  the  height,  and  the  pieces  of  the  vertical  portion  generally  make,  a  metre  of 

length,  a  weight  of  the  form  -  -  -  (  h  +  -r-r  )  ,  G'  denoting  the  mean  ordinate  of  the  locus  of 

to         \        4  hj 

the  maximum  stress,  the  value  of  which  ordinate  is  -  (p  +  p*)  if  1  +  -  q  j  in  the  case  of  a  con- 
tinuous load.    Admitting  that  1  +  V  is  expressed  by  a  +  6  h  (81),  the  weight  in  question  will  give 

rise  to  terms  in  A2,  in  A,  in  -  ,  and  to  a  constant  term. 
h 

In  multiple  lattice-girders  in  which  the  inclination  of  the  bars  is  45°,  or  else  keeps  a  certain 
other  constant  value,  as  in  the  case  of  solid  girders,  the  theoretical  vertical  position  would  have  a 
constant  weight.  But,  in  such  cases,  the  rigidity  is  usually  obtained  by  the  addition  of  special 
stays,  vertical  or  inclined,  the  section  and  length  of  which  increase  with  A,  so  that  their  weight 
will  be  expressed  under  the  form  (K  +  K'  A)  A. 

85.  Thus,  the  weight  of  the  lineal  metre  of  girder  will  be  generally  given  by  formula)  of  the 

P      A 

following  form  :  —  =  -^  +  B  -f-  C  A  +  D  A*.     The  corresponding  height  at  the  minimum  expense 
*       n 
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will  be  given  by  the  equation  of  the  third  degree :  A  =  (C  +  2  D  A)  A8,  whence  wo  deduce  the 
real  vahn-: 

C3         */~ 


54  D* 


27  D2       6D 


But  as  it  is  always  enough  to  know  this  height  within  1  decimetre,  it  will  be  a  saving  of  time 
to  solve  the  equation  tentatively.  As  a  function  varies  but  little  when  near  a  minimum,  we  may 
\vitlmiit  much  increasing  the  expense  adopt  heights  less  than  those  given  by  calculation,  and  we 
find  nn  !i<l.liti<>nal  reason  for  doing  this  in  the  fact  that  the  ties  or  cross-pieces  generally  increase 
with  the  height.  We  might,  it  is  true,  seek  directly  the  conditions  of  the  minimum  of  weight  for 
the  whole  flooring,  instead  of  a  single  girder. 

86.  Sometimes,  for  the  sake  of  simplicity,  we  may  regard  V  as  a  fixed  coefficient  which  may 
conveniently  be  forced  «  little ;  in  this  case,  V  being  constant,  we  shall  arrive  for  simple  lattices 

P       A  /~*~ 

at  formula)  of  the  form   T  =  -r  +B  +  CA,  and  taking  h  = 
(         n 


^  ,  we  shall  have  as  the  mini- 
mum value,  7  =  2  x/AC  +  B.     It  is  evident  that  an  alteration  of  height,  even  if  considerable, 

/A~ 
has  but  a  small  influence ;  for  if,  by  way  of  example,  instead  of  V  —  , 


we  take  A  =  K  "     -~  ,  the 


/A  1  +  «2 
term  2  »J  A  C  will  be  merely  changed  into  2  V  —  — —  . 


Now  K  =  0-9  gives 

0-8 
0-7 

;     2;s 

0-4 


An  increase  of  height  above 


1  +  * 

•0056 

And  K  =  1 

•1  g« 

1  -f  KZ 

'PQ  

2/c 

CO      0 

2  K 

,    1 

•0250 

1 

•2  , 

1 

•0643 

1 

•3  , 

n 

,    1 

•1333 

1 

•4   , 

»» 

1 

•2500 

1 

•5  , 

n 

1 

•4500 

2 

•o  , 

»» 

=  1-0045 

1-0167 
1-0346 
1-0571 
1-0833 
1-2500 


=-  produces  a  less  loss  than  an  equal  diminution,  but  in  almost 
C 


every  case  it  will  be  a  diminution  that  we  shall  have  to  make. 

It  will  be  well  to  make  a  verification  afterwards  to  ascertain  whether  the  height 


^ 


or  at 


least  the  reduced  height  adopted,  does  not  require  A  value  of  V  superior  to  that  which  we  have 
introduced  into  the  calculation. 

This  method  gives  too  great  height,  and,  therefore,  the  reduction  which  it  will  be  necessary  to 
make  will  be  more  considerable  than  when  we  employ  the  more  exact  method  of  the  preceding 
section. 

87.  Oinfers  of  Simple  Triangles. — Formula  of  the  Weight  a  lineal  metre,  in  the  case  of  Bars  of  Equal 
Inclination. — To  find  the  total  weight  P  of  girders  of  simple  triangles,  formed  by  bars  of  equal 
inclination,  we  have  only  to  add  together  the  weights  of  the  flanges,  the  struts,  and  the  braces, 
given  by  the  formulae  p,  for  the  particular  cases  in  which  a  =  £.  As  the  total  length  of  the  girder 
exceeds  its  bearing,  we  shall  give  only  the  weight  per  lineal  metre,  found  by  dividing  P  by  the 
bearing  /,  and  it  is  understood  that  when  the  total  weight,  including  the  ends,  is  required,  the 
weight  of  the  lineal  metre  is  to  be  multiplied,  not  by  the  bearing,  but  by  the  total  length,  say  by 
1  '045  /  or  1  '097  d,  d  being  the  free  span,  according  to  what  was  said  in  37. 

1.  Load  on  the  lower  side. — If  /  =  2  m  S  =  N  5,  we  shall  have,  Q.  being  an  additional  term  for  the 
accessories  independent  of  h, 

m*  —  1    \  C  82  f  (4  m2  — 


6m2 


m2  — 
2m 


2_    N2-l 

sT'  ~N~ 


a  formula  applicable  when  N  is  even. 

When  /  =  (2  m  +  1)  5  =  N  5,  we  have 
P  _  m  (m  +1) 
/  ~    2m  +  1 


TJ 


/        4         N 
a  formula  applicable  when  N  is  odd. 
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The  flanges  do  not  change  whether  N  be  even  or  odd  ;  but  the  lattice  decreases  slightly  when 
N  is  odd,  in  the  proportion  of  N2  —  1  to  N2. 

2.  Load  on  the  upper  side.—  For  I  =  2  m  5  =  N  8,  we  shall  have 


(  82  f  _  (32  m»  -  8  m  +  3)  U  1  +  VI 

\TL  ~T          -3-T-+-T-  ! 

L6(4«-  ' 

which  amounts  nearly  to 

I  = 


- 

a  formula  identical  with  the  last  of  the  case  in  which  the  load  is  on  the  lower  side,  except  that  here 
N  is  even. 

And  if  /  =  (2  m  +  1)  5  =  N  5,  we  have 


»»(4m*+6m-l)g 


+  ~"1' 


a  formula  in  which  N  is  odd,  and  which  is  obviously  the  same  as  the  first  of  case  1. 

88.  Examples.  —  Girder  of  28  metres  bearing,  supporting,  on  the  upper  side,  a  load  of  3500 
kilogrammes  to  a  metre,  Figs.  1685  to  1689;  p  =  1100k  (the  girder  itself  weighing  400), 
p'  =  2400k,  q  =  0'686;  m  =  4,  and,  consequently,  8  =  3m'50,  A  =  3m'30. 

As  the  girder  is  lightly  loaded,  we  must  seek  to  diminish  as  much  as  possible  the  least 
section  of  the  flanges,  without,  however,  reducing  too  much  their  breadth,  which  we  will  fix 
at  Om'400.  To  diminish  the  breadth  of  the  vertical  ribs,  projecting  gussets  are  placed  at  intervals, 
to  which  the  struts  and  braces  may  conveniently  be  attached.  Those  struts  which  are  most 
heavily  loaded  have  a  section  in  the  form  of  a  cross,  favourable  to  rigidity  in  all  directions  ;  one 
of  the  angle-irons  passes  behind  the  gusset  to  avoid  the  necessity  of  cutting  it  away  at  the 
extremities  ;  and,  consequently,  some  of  the  rivets  offer  a  double  section.  Instead  of  filling  the 
whole  of  the  space  above  the  gusset  to  make  this  angle-iron  solid  with  the  rest  of  the  bar,  it  is 
sufficient  to  fill  it  in  part  only  The  middle  bars  require  fewer  rivets,  but  it  has  been  necessary 
to  increase  their  theoretical  section  to  obtain  the  required  rigidity. 

The  lower  vertical  rib  is  only  Om<300  broad-  but  the  upper  could  not  be  reduced  below 
Om  350,  because  the  flange  should  be  rigid  to  resist  compression,  because  in  the  present  case  it 
might  be  required  to  serve  as  a  minor  longitudinal  girder,  and  because  we  might  have  occasion 
to  affix  to  it  a  light  corbel,  in  which  case  this  breadth  of  Om  •  35  is  barely  sufficient.  The  brackets 
may  be  placed  in  the  middle  of  the  intervals  to  be  out  of  the  way  of  the  bars.  It  is  solely  for  the 
purpose  of  forming  a  minor  longitudinal  girder  that  the  upper  flange  has  been  produced,  and 
the  vertical  supports  added  at  the  ends. 

We  find  by  calculation  the  total  weight  of  the  girder  to  be  11200  kilogrammes,  say  380 
kilogrammes  the  lineal  metre. 

The  flanges  weigh  together  8070  kilogrammes,  including  the  gussets  for  fixing  the  bars  ;  but 
to  determine  the  value  of  U,  it  is  better  to  consider  only  the  weight  of  7400  kilogrammes,  which 
we  obtain  by  deducting  the  projection  of  the  gussets,  and  reckoning  with  the  vertical  rib  only  the 
joint-plates  which  would  be  needed  if  it  were  not  interrupted  at  short  intervals  by  the  gussets. 
Dividing  by  the  whole  length  29""  40,  we  find  that  the  flanges  make  together  252  kilogrammes 

252 

the  lineal  metre.    The  formula  would  give  177  '3  U  ;  we  shall,  therefore,  have  U  =  -     -   =  1  '42, 

1/7*9 

a  value  which  includes  the  extensions  at  the  ends. 

However  great  the  height  of  the  girder  might  be,  we  could  hardly  compose  the  flanges  of  IP.«S 
than  two  angle-irons  of  100/100/12  millimetres,  a  vertical  rib  of  300/10,  and  a  horizontal  plate 
of  350/8:  this  would  form  a  sufficient  section  in  the  middle  if  the  height  were  5m-50,  and  it 
would  remain  constant  throughout  the  bearing.  By  the  formula  of  64,  we  should  find  again 

q.  OA 

U  =  1-06  +  0-60  ^4x  =  1-42. 

5  '50 

The  extra  weight  of  670  kilogrammes  occasioned  by  the  presence  of  the  gussets,  is  reduced  to 
500  kilogrammes  when  diminished  by  the  saving  effected  by  the  fact  of  the  real  length  of  the 
bars  being  a  little  less  than  their  theoretical  length,  since  they  terminate  at  the  edge  of  the  angle- 

500 
irons  of  the  flanges.    Hence  we  conclude  that  fl  is  here  equal  to  goTi/i  =  17  kilogrammes  the 

lineal  metre  of  girder,  say  the  0'047  of  the  total  weight  of  the  principal  pieces.     This  is  a  great 
deal,  but  we  may  reduce  this  value  by  giving  the  gussets  a  thickness  of  8  millimetres  only. 

The  oblique  bars  weigh  2600  kilogrammes,  but  the  saving  effected  in  their  length  has  just 
been  attributed  to  the  term  n,  we  must,  therefore,  suppose  them  to  possess  the  weight  2770 
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which  they  would  have  with 
tlifir  tfcaontittl  length.  Comparing  witli 
the  formula,  V  =  1'34. 

If  we  wished  to  compute  V  approxima- 
tivcly,  without  going  through  a  complete  cal- 
culation, we  should  have  considered  only  one 
extreme  and  one  middle  bar.  The  latter, 
for  a  maximum  strain  of  Q,  =  9}  tons,  gives 
V,  =  2  26  with  the  section  adopted;  and 
the  other,  for  a  strain  Q,  =  52  •  6  tons,  gives 
V,  =  1 '  07,  including  the  filling.  The  formula 

of  78  then  gives  V  = 

a  valuo  which  we  must  increase  a  little, 
because  in  the  formulae  one  of  the  bars  of 
the  middle  triangle  has  been  regarded  as  a 
brace,  and,  on  this  account,  exempted  from 
the  coefficient  V,  whilst  in  reality  both  bars 
of  this  triangle  should  be  able  to  serve,  each 
in  its  turn,  either  as  strut  or  as  brace. 

To  discuss  the  height  of  the  girder,  we 
must  first  seek  an  approximative  expression 
of  V  in  terms  of  the  height.  To  this  end, 
lot  us  consider,  by  way  of  example,  a  height 
of  5  metres ;  we  shall  then  have  Q2  =  48*6 
tons  and  Q.  =  8'7  tons,  and  the  free  length 
of  the  bars  between  the  gussets  will  be  about 
4  metres.  For  the  one  which  is  the  most 
heavily  loaded,  a  section  in  the  form  of  a 
cross  with  four  arms  of  150/10,  held  together 
by  four  angle-irons  of  70/70/10,  will  give 
Yt  =  about  1*40 ;  and  for  the  weakest  bar, 
a  cross  composed  only  of  a  bar  of  140/6  and 
of  two  angle-irons  of  70/70/10,  will  give 
V,  =  2 '40.  We  thence  conclude  V  =  1  -55, 
say  1-  GO  on  account  of  the  observation  made 
above.  Knowing  the  values  of  V  for  two 
different  heights,  it  is  evident  that  we  may 
adopt  nearly  1+  V  =  1  '70  +  0'  19 h. 

Substituting  this  expression  in  the  for- 
mula of  the  preceding  section  (case  2  for 
N  even),  we  find  that  the  minimum  expense 
is  given  by  a  height  of  about  4m-40.  In 
fact,  with  this  height,  we  should  have 
1  +  V  =  2-54,  U  1*54,  and,  consequently, 
the  weight  of  the  lineal  metre  descends  to 
350  kilogrammes,  fl  included ;  whereas  with 
h  =  3™ -30,  1  +  V  =  2-33,  U  =  1-42,  the 
formula  gives  370  kilogrammes.  These 
weights  should  be  increased  a  little  to 
take  sufficiently  into  account  the  end  up- 
right pieces,  which  really  form  no  portion 
of  the  girder,  but  serve  only  to  support  the 
rail  upon  the  abutment.  It  is  obvious  that 
if  the  height  allowed  permits,  it  may  be  of 
some  use  to  increase  slightly  the  height  of 
the  plan,  to  carry  it  to  3m-60,  for  instance, 
but  it  would  be  useless  to  go  beyond  that, 
for  the  cross-pieces  would  increase  without 
giving  any  sensible  advantage  to  the  girder. 
We  might,  in  a  more  general  manner,  have 
sought  the  most  advantageous  height,  by 
considering  the  whole  of  the  flooring,  and 
expressing  the  cross-pieces  themselves  as  a 
function  increasing  with  h. 

89.  Girder  of  56  metres  bearing,  with  a  load 
on  the  lower  side  of  7000  kilogrammes  the  metre, 
Figs.  1690  to  1700 ;  p  =  3000k  (the  girder 
itself  weighing  1300k),p'=  4000V,?  =  0'572, 
m  =  4  or  N  =  8,  5  =  7m,  h  =  7™. 

The  load  supposes  both  lines  loaded 
simultaneously ;  otherwise,  for  one  line  only, 
p'  would  not  exceed  3000  kilogrammes,  and 
we  might  reduce  by  about  |  the  weight  of 
the  girder,  allowing  it  a  strain  of  7  instead 
of  6  kilogrammes  in  the  exceptional  case  of 
two  heavily-laden  trains  crossing  the  bridge 
at  the  same  time. 


Cross-bracing  behind  the  compression-bars. 
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The  interval  8  can  be  raised  to  7  metres  only  on  the  supposition  that  there  are  two  cross-girders 
for  each  section  or  division  of  flange,  which  subjects  the  bottom  flange  to  a  deflecting  strain ;  but 
this  strain  may  be  neglected,  having  regard  to  the  fonr  of  the  section  and  to  the  other  arrange- 
ments adopted. 

The  following  Table  gives  the  strains  upon  the  pieces : — 


• 

Upper  Flange. 

Lower  Flange. 

Struts  or  Braces. 

Numbers  of  the  divisions,  "I 
or  of  the  bars  / 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

Maximum  strain,  in  tons  .  . 

392 

369 

294 

172 

386 

337 

239 

92 

51 

94 

141 

192 

The  flanges  are  hollow  and  have  a  double  vertical  rib,  which  allows  the  bars  to  be  very  firmly 
fixed.  The  two  triangles  next  the  abutment  are  besides  provided  at  their  extremities  with  joint* 
plates  forming  a  kind  of  fork,  which  enables  the  rivets,  or  at  least  many  of  them,  to  offer  a  double 
section.  By  this  means  we  may  place  upon  each  rib  thirty  rivets,  twenty-four  of  which  offer  a 
double  section.  This  gives  for  the  foot  of  the  end  brace,  for  example,  a  total  of  108  shearing 
sections,  capable  of  resisting  a  strain  of  216  tons  if  the  rivets  have  Om  -025.  The  thickness  of  the 
double  vertical  ribs  is  Om-012.  In  the  last  triangle  it  is  well  to  strengthen  them  to  increase  their 
resistance  to  a  shearing  force  ;  this  is  accomplished  by  adding  broad  gussets  of  Om-012.  At  the 
foot  of  the  end  brace  there  is  no  projecting  gusset;  but  the  thickness  of  the  rib  is  doubled  by  the 
•rejecting  of  a  joint-plate. 

For  the  intermediate  triangles,  it  is  useless  to  have  recourse  to  double  shearing  sections. 

The  struts  have  a  hollow  form,  very  favourable  to  resistance  to  compression,  as  the  moment  of 
resistance  is  rendered  as  great  as  possible  in  the  two  directions.  The  transverse  plate  of  400/8  ia 
not  reckoned  in  the  resisting  section  ;  it  has  been  added  to  connect  the  other  pieces  of  the  bar  so  as 
to  render  them  solid,  and  this  plate  or  flat  bar  constitutes  the  principal  element  of  the  coefficient  V. 
Its  effect  is  completed  by  three  triangles  or  rods  placed  on  the  other  side,  at  equal  intervals. 

The  braces  are  composed  of  two  pieces  left  unconnected,  except  in  the  middle  bar,  which  is  as 
much  a  strut  as  a  brace,  and  which,  for  this  reason,  has  been  stiffened  by  a  continuous  strip  of  plate 
iron  connecting  the  two  pieces.  It  would  have  been  somewhat  more  economical  to  have  substituted 
a  light  lattice  for  this  continuous  plate  ;  but  it  has  the  advantage  of  giving  more  body  to  the  pieces 
and  of  diminishing  the  pressure  on  each  unit  of  surface. 

The  girder  weighs  75  tons,  say  1293  kilogrammes  a  lineal  metre  of  length  (58  metres). 

The  flanges  with  their  joint-plates  weigh  50  tons,  say  862  kilogrammes  the  metre,  which  gives 
U  =  l-29: 

The  plates  or  gussets  added  to  the  end  bars  to  obtain  a  double  section  of  rivet,  are  in  part 
covered  by  the  saving  resulting  from  the  fact  of  the  lengths  of  the  bars  being  a  little  less  than  their 
theoretical  lengths. 

The  excess,  2050  kilogrammes,  increased  by  the  angle-iron  forming  a  hand-rail,  becomes 
2400  kilogrammes  ;  say  n  =  42  kilogrammes  a  lineal  metre,  or  the  0'032  of  the  whole  weight. 

The  bars  themselves  make  up  a  weight  of  22600  kilogrammes,  not  including  the  accessories 
reckoned  in  n.  Hence  we  deduce  V  =  1  '  25. 

Here  the  form  favourable  to  rigidity  given  to  the  struts,  would  allow  of  the  height  being 
increased  without  much  augmenting  V. 

It  would  be  reckoning  liberally  to  take,  for  example,  1  +  V  =  1'55  +  0'10A  when  near  a 
height  of  7  metres.  The  best  height  is  then  theoretically  given  by  the  equation  A*  (A  -f  7  •  75)  =  1346, 
and  is  about  9  metres.  Indeed,  with  this  value  we  should  have  V  =  1  •  43,  U  1  •  36,  and,  consequently, 
the  weight  =  1  •  250  kilogramme  per  metre,  fl  included  ;  whereas  with  h  =  7,  V  =  1  •  25,  U  =  1  •  29, 
and  n  =  42,  the  formula  gives  1295  kilogrammes,  which  agrees  with  the  direct  calculation. 

These  two  weights,  however,  differ  but  little,  which  iustifies  the  adoption  of  the  height  7  metres. 
as  being  the  more  convenient. 

90.  The  object  of  formulse  of  weight  is  to  enable  us  to  compute  the  cost  of  a  girder  subject  to 
given  conditions,  without  making  a  plan  and  a  calculation  of  it.  But,  if  we  wish  to  attain  a  certain 
exactness,  it  will  be  well  to  consider  approximatively  arrangements  which  may  bo  adopted,  and 
hich  affect  U  and  V. 

By  way  of  example,  let  us  suppose  it  is  required  to  find  the  weight  of  a  girder  of  the  same 
form  as  that  of  56  metres  which  we  have  been  considering,  but  the  load  of  which  is  reduced  by  one- 
half  (3500  kilogrammes  instead  of  7000).  It  will  be  advisable  to  retain  the  hollow  form  of  the 
struts  and  the  double-ribbed  flanges;  but  these  ribs  may  be,  for  example,  Om'400  broad  by  Ora'012 
thick,  for  only  half  the  former  number  of  rivets  will  be  required.  If  the  least  section  of  flange  com- 
prises besides  a  horizontal  plate  of  550/8  and  four  angle-irons  of  100/100/12,  it  will  become 
sufficient  in  the  middle  when  the  height  of  the  girder  rises  to  12  metres;  so  that  we  may  consider 

U  =  1-06  +  0-60  ^  =  1-41. 

The  strongest  strut  supporting  96  tons  =  Q,,  will  have  sufficient  rigidity  if  we  give  it  the 
hollow  form  composed  of  two  side  plates  of  350/11,  a  back  plate  of  350/8,  and  four  angle-irons'  of 
100/100/12  ;  this  would  give  to  the  bar  a  coefficient  e,  =  T22.  The  weakest  strut,  for  the  strain 
Q,  =  25J  tons,  may  be  formed  of  two  side  plates  of  220/6  and  back  plate  of  350/6,  and  four  anpJo- 
irons  of  60/60/8  ;  this  will  make  t>,  =  1'96.  Consequently  we  shall  compute  the  general  coefficient 


r    i-a-  *  -V 

of  stiffness  at  V  = 


Q     •   Q  . 

With  the  values  thus  found  for  U  and  V,  the  formula  will  give  680  kilogrammes  as  the  weight 
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of  the  lineal  metro  of  gir- 
der, a  vaJuo  which  moat  be 
Increased  a  little  to  inclade 
O,  remarking,  however,  that 
this  additional  term  will  be 
considerably  less  tlwn  in 
the  case  of  the  double  load. 

The  rallies  of  U  and  V 
are  rather  high,  but  they 
may  be  reduced  a  little  by 
adopting  a  loss  height  than 
7  mi'tivs,  which  will  be  war- 
ranted by  a  load  reduced  to 
8500  kilogrammes. 

91.  Tables  of  Weights.— 
The  best  height  ia  an  im- 
plicit function  of  the  load, 
in  virtue  of  V  which  di- 
minishes when  the  load  in- 
creases. 

We  must,  therefore,  dis- 
tinguish the  case  of  girders 
lightly  loaded,  supporting 
only  one  rail,  for  example, 
and  that  of  girders  heavily 
loaded,  or  supporting  the 
whole  line.  In  the  former 
case,  we  will  suppose  h  = 
0  ll/,  and  in  the  latter 


If  in  the  formula  of  GO, 

Rs 
we  suppose  — °  =  20000, 

we  shall  have  for  a  girder 
carrying  3500  kilogrammes, 
and  having  a  height  O'll 
of  the  bearing,  U  =  1  '06  + 

4 -8  x  20000 x (FIT* 

3500 =  1'39' 

say  1  -40 ;  and  for  a  girder 
carrying  7000  kilogrammes, 
and  having  a  height  equal 

to-/;  U=l-28,  say  1-30. 

o 

V  will  be  taken  equal  to 
1-35  for  light  girders,  and 
1-25  for  girders  heavily 
loaded. 

With    these    data    we 

form  the  Tables  IX.  A  and 

IX.  B,  giving  the  values  of 

P 


Xti 


that  is,  the  weight  of  the 
lineal  metre  of  girder,  for 
the  given  values  of  N  and 
q;  will  be  obtained  by  mul- 
tiplying the  corresponding 
number  of  the  Table,  by  the 
quantity  (p  +  p')  /,  and 
adding  a  certain  sum  for 
n,  as  will  be  shown  here- 
after. 

If  the  girder  were 
loaded  on  the  upper  side, 
the  weight  would  be  slightly 
diminished  when  N  is  even, 
and  increased  when  N  ia 
odd. 

There  isevidently  an  ad- 
vantage in  taking  N  small ; 
because  in  that  case  the 
flanges  decrease  in  weight 
with  the  bars  which  ap- 
proach the  direction  of  45°. 
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92.  In  large  bridges,  we  may  usually  give  sufficient  dimensions  to  the  vertical  ribs  of  the  flanges 
to  enable  us  to  reduce  to  a  comparatively  trifling  matter,  or  to  avoid  altogether,  the  addition  of  special 
gussets.  Thus  the  additional  term  fl,  occasioned  by  the  accessories,  for  1  metre  of  girder,  will  increase 
less  rapidly  than  the  bearing,  whilst  the  weight  of  the  metre  of  girder  increases  as  the  bearing.  It 
follows  from  this  that  the  ratio  of  O  to  the  total  weight  diminishes  when  the  bearing  increases. 
For  light  girders,  we  must  add  to  the  numbers  of  the  first  Table  a  sum  varying,  for  example,  from 
5  to  2  per  cent.,  according  as  the  bearing  varies  from  20  to  80  metres,  and  for  the  heavy  girders  of 
the  second  Table,  from  6  to  3  per  cent. 

In  the  case  of  spans  of  20,  60,  and  80  metres,  we  may  allow  tho  following  loads  for  girders 
carrying  either  one  or  two  rails : — 


(Exterior  dead  weight    .  . 
"  \Weight  of  the  girder  itself  .. 
Moving  load  p'     

Total  load  a  metre,  p  +  p'  .  . 

Z  =  20m. 
Girders  carrying 

I  =  60m. 
Girders  carrying 

1  =  80  m. 
Girders  carrying 

OncIUiL 

Two  Rails. 

One  Rail. 

Two  Rails. 

One  Rail. 

Two  Rail*. 

kilos. 
700 
300 
2500 

kilos. 
1400 
500 
5000 

kilos. 
700 
900 
2000 

kilos. 
1400 
1400 
4000 

kilos. 
700 
1200 
2000 

•K      -. 

1400 
2100 
•    4000 

3500 

6900 

3600 

6800 

3900 

7500 

Let  us  suppose  besides  N  =  7  for  bridges  of  20  metres,  8  for  those  of  30  to  60  metres,  9  for  70 
metres,  and  10  for  80  metres ;  and  let  us  add  the  sums  for  fl  indicated  above.  We  shall  have  the 
following  approximative  weights : — 


Spans     ..      .  .      .  .      •  

Metres. 
20 

Metres. 
30 

Metres. 
40 

Metres. 
50 

Metres. 
60 

Metres. 
70 

Metre*. 
80 

Weight  a  metre  of  a  girder  carrying  one  rail 

fA-o-ni 

Kilos. 
265 

Kilos. 
405 

Kilos. 
545 

Kilos. 
680 

Kilos. 
820 

Kilos. 
1000 

Kilos. 
1220 

\i          ) 

Weight  a  metre  of  a  girder  carrying  two  rails 
(k--} 

460 

C85 

910 

1140 

1365 

1690 

2090 

\l       8}                                                          } 

These  weights  offer  a  saving  of  0'20  to  0'40  upon  those  of  solid  girders  satisfying  the  same 
conditions,  see  119  to  135.  This  saving  is  due  to  the  fact  that,  by  taking  precautions  to  ensure 
the  rigidity  of  the  struts,  we  may  have  girders  of  great  height  without  having  a  too  heavy  vertical 
portion. 

93.  Girders  having  Vertical  Bars.—  I!  we  suppose  £  =  90°  in  the  girder,  Fig.  1657,  with  a  load  on 
the  lower  side,  and  express  the  bearing  by  N  5  (N  being  even),  we  shall  have  a  girder  with  vertical 
braces,  which  will  weigh  for  each  metre 


+  (1  +  V)  [6N*  +  (N2  -  4)  g]  h}  +  fl. 


If,  on  the  other  hand,  a  be  taken  equal  to  90°,  we  shall  have  a  girder  with  vertical  struts, 
weighing 


24  N 


N       (N   n 

+  (i  +  V)  [6N*  +  (N'  -  4)g]  A}  +  n. 


In  one  respect,  this  latter  weight  will  be  less  than  the  preceding  because  the  coefficient  V 
affects  fewer  terms,  but  in  another  respect,  n  will  be  greater,  for  it  must  include  the  lengthening 
of  the  lower  flange,  which,  according  to  theory,  would  have  a  total  length  of  only  (N  -  2)  5,  whilst 
in  practice  it  is  absolutely  necessary  that  it  reach  the  abutments,  even  if  the  strain  upon  the 
extreme  sections  should  be  nul. 

The  other  analogous  cases  in  which  N  would  be  odd,  or  those  m  which  the  load  would  be 
applied  to  the  upper  part,  will  be  easily  calculated  by  the  aid  of  the  formulas  given,  39  to  62. 
But,  as  these  girders  with  vertical  bars  are  less  advantageous  than  those  having  ban  at  an  equal 
inclination,  we  shall  not  consider  them  further. 

94    Girders  of  Crosses,  or  Double  Lattice.—  Girders  of  simple  crosses,  with  or  without  vertical 
stavs  'should  be  considered  as  a  double  lattice,  and  may  be  calculated  by  imagining  that  tliev 
result  from  the  juxtaposition  of  two  simple  lattices.    Now  in  every  multiple  system  in  which 
several  pieces  simultaneously  combine  to  resist  a  certain  distortion  which  may  be  preventec 
single  piece   there  takes  place  a  distribution  of  strains  that  it  is  not  always  easy  to  discover 
exactly  when  the  conditions  are  complex;  it  may  be  computed,  however,  with  some  degree  of 
certainty  when  we  take  care  to  render  the  conditions  of  strain  equivalent  or  comparable. 
general  rule  is  that  the  various  pieces  should  undergo  equal  proportional  extensions,  and  that, 
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consequently,  they  distribute  among  each  other  the  total  strain  proportionally  to  their  sections  ; 
the  strain  a  unit  of  section  will  be  equal  upon  the  several  bars,  with  the  exception  of  slight 
differences  which  may  proceed  from  unequal  tension  given  at  the  time  of  fixing.  But  in  the  case 
in  which  the  strain  acts  by  compression,  the  area  of  the  sections  does  not  alone  influence  the 
distribution,  rigidity  interferes,  and  if  the  forms  of  the  sections  are  different,  it  is  difficult  to  know 
to  what  degree  a  certain  bar  will  yield,  and  another,  and  stronger  one,  to  concentrate  the  load 
upon  itself.  The  way  to  avoid  these  uncertainties  is  to  make  identical  the  multiple  pieces  which 
replace  a  single  piece.  However,  with  regard  to  multiple  lattice-girders,  this  equal  distribution 
must  not  be  considered  from  bar  to  bar,  but  from  system  to  system,  because  the  pieces  brought 
together  being  more  or  less  distant  from  each  other,  the  stress  may  vary  from  one  to  the  other.  If 
the  whole  is  composed  of  n  simple  lattices,  each  of  them  will  be  calculated  as  belonging  to  a 

girder  supporting  only  the  -  of  the  given  load. 

95.  Girders  of  Crosses  and  Vertical  .Rods.  —  If  we  consider  first  a  girder  of  crosses  and  vertical  rods 
for  a  load  applied  to  the  lover  part,  Fig.  1701,  it  is  obvious  that  it  may  be  resolved  into  two  simple 
girders,  one  with  vertical  braces,  the  other 
with  vertical  struts,  and  the  formulas  of 
which  for  the  case  of  N  even  are  given  in  93. 
But  the  weight  will  be  less  than  the  arith- 
metical mean  of  these  formula?,  for  these 
vertical  rods  belonging  at  once  to  the  two 
simple  component  lattices,  are  subject  to  a 
compressive  strain  on  one  side  and  to  a 
tensile  strain  on  the  other;  and  the  maxi- 
mum strain  upon  them  will  be  a  constant 

tension  -  (p  +  p*)  8.    The  two  end  vertical 

a 

bars  must  be  excepted,  the  strain  upon  them,  which  is  one  of  compression,  being  -  (N  —  1)  8  (p  +  p")  ; 

so  that  these  two  bars  alone  make  up  the  same  theoretical  weight  as  all  the  others,  or  rather  more, 
for,  resisting  compression,  they  receive  the  coefficient  V.    We  have  thus  as  the  total  weight  of  the 

N  +  1  vertical  bars  the  value  5-  (N  —  1)  (1  +  V)  (p  +  j/)  8  1  A,  and  the  main  weight  of  the  lineal 

I 

metre  of  girder  will  be 


[ 
3(N*-r-4N-4)  + 


—  4 


If  the  load  be  placed  above  the  girder,  the  intermediate  vertical  bars  will  still  support  a 

maximum  strain  of  —  (p  +  p')  8,  but  it  will  be  one  of  compression  which  will  necessitate  the  appli- 
2 

cation  of  the  coefficient  of  stiffness  ;  and  as  to  the  two  extreme  bars,  they,  too,  will  be  strengthened 

a  little,  for  they  will  have  to  support  directly  the  weight  -  (p  +  p')  5  placed  upright  with  the 

8 

abutment,  a  weight  which  we  had  not  to  consider  when  the  load  was  below,  because  it  rested 
immediately  upon  the  masonry  without  passing  through  the  vertical  bar.  Consequently  we  shall 
have,  for  the  case  of  a  load  on  the  upper  side,  and  N  even, 


When  N  is  odd,  we  have  for  the  case  of  a  load  on  the  lower  side, 
P       N-l+j/)*  / 
\ 


2N'A 


+  (1  +  V)  A  [l2  +  ^+2  (6  +  «?)]}  +  Q; 


and  the  changing  of  the  load  from  the  lower  side  to  the  upper  will  occasion  an  increase  of  expense, 
because  the  intermediate  vertical  bars  will  have  to  be  stiffened,  and  the  end  bars  will  have  the 
additional  strain  of  a  partial  weight  resting  thn  ugh  them  upon  the  abutment. 

But  we  shall  see  presently  that  a  saving  may  be  effected  by  suppressing  the  intermediate 
vertical  bars  or  rods,  when  possible  ;  and  if  their  presence  is  necessary,  it  will  be  for  the  purpose 
of  affixing  the  cross-pieces,  or  for  other  purposes  foreign  to  the  resistance  of  the  girder,  so  that  it 
will  be  more  logical  to  consider  them  as  an  accessory  addition,  their  section  being  supposed  as 
given  according  to  the  duty  they  have  to  fulfil  (see  100). 

96.  The  wooden  girders  of  Howe's  system  have  the  form  of  girders  of  crosses  with  vertical  rods  ; 
but  an  essential  difference  from  the  point  of  view  of  resistance  is,  that  the  wooden  crosses,  merely 
abutting  the  bearing-blocks,  cannot  resist  by  tension  ;  under  a  given  load,  there  is  only  one  of 
the  bars  of  each  cross  that  resists,  whilst  the  vertical  rods,  each  composed  of  several  smaller  ones, 
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always  take  a  tensile  strain;  the  system  resists  as  a  simple  yielding  lattice,  that  is,  ita  form 
changes  according  as  the  strain  comes  upon  one  or  the  other  piece  of  each  cross 

97.  Girders  of  Crosses  without  Vertical  Hods.—  IS  we  consider  a  lattice  of  crosses  without  intermediate 
vertical  rods,  loaded  on  the  upper  side,  Fig.  1702,  we  see  that  it  may  be  resolved  into  two  simple 
systems  given  by  Figs.  1703  and  1704.  Now  the  system  of  Fig.  1703  corresponds  to  the  case 

a  =  3  in  53  by  changing  S  into  2  5,  m  into  —  ,  and  reducing  the  load  by  half.    Besides  this,  we 


must  add  the  two  end  vertical  bars,  the  strain  upon  which  is  nearly  ^  (j>  +//)  8;  they  will  weigh 
together  ^  (1  +  V)  (p  +  p')  I  h  t,  if  we  apply  to  them,  instead  o.  V,  the  coefficient  * 

1703. 

i  (/>+»*)  c*  <p+p*)<f. 

41 


,  which 


1702. 


•will  simplify  a  little  the  general  for- 
mula, and  which  is  warranted  by  the 
fact  that  the  theoretical  resistance 
being  considerable,  there  is  no  need  of 
a  large  coefficient  of  stiffness ;  besides, 
the  end  vertical  bars  have  already  been 
taken  into  account  by  the  fact  that  the 
total  weight  of  the  girder  is  obtained 
by  multiplying  the  weight  of  the  lineal 
metre  by  the  whole  length  and  not  by 
the  bearing  only. 

The  system  of  Fig.  1704  will  come  under  the  case  of  a  =  ft  of  section  50,  but  only  under  the 

o 

condition  that  the  extreme  weight  be  made  equal  to  the  other  weights,  instead  of  being  j  only.  On 

this  hypothesis,  the  strain  upon  the  nth  strut  or  the  nth  brace  will  be \n  p  +  p'\ , 

sin.  a  I  4m         J 

a  value  which  extends  to  brace  No.  0,  as  well  as  to  the  nth  strut,  and  which  supposes  that  the 
weights  applied  to  the  several  summits  are  equal  to  pS'  or  to  (p  +  p')  8,  according  to  the  case. 

.     .      2  m2  ( p  +  P')  8'  ht  r        2  m*  +  1     ~\ 

The  total  weight  of  the  oblique  bars  will  consequently  be  .    „    I  1  +  — - — =—  q  I 

sm.2o  L  12  TOJ       J 

a  formula  in  which  8'  will  be  changed  into  2  5,  m  into  j,  and  in  which  tho  load  will  be  divided 

by  2.     For  the  flanges  of  this  figure,  we  must  also,  in  the  formula)  of  50,  take  into  account  the 
modification  of  the  load  in  the  extreme  summit. 

Adding  together  the  weights  of  the  two  component  lattices,  and  dividing  by  the  bearing,  we 
shall  obtain  as  the  weight  of  the  lineal  metre  of  girder,  Fig.  1702, 


This  formula  obviously  remains  the  same  when  the  load  is  on  the  lower  side  instead  of  the  upper. 
It  supposes  N  even,  but  may  also  be  applied  approximative^  for  N  odd ;  however,  in  this  latter 
case,  it  is  better  to  employ  the  formula  in  99. 

98.  The  point  of  vie.w  from  which  we  have  considered  the  question  in  the  preceding  section 
offers  the  difficulty  of  a  certain  complication  in  calculating  the  strains  upon  the  various  pieces,  and 
as  a  multiple  system  leaves  the  distribution  of  the  loads  arbitrary,  we  take  advantage  of  it  in  this 
case  to  adopt  a  more  convenient  process.  In  the  preceding  method  a  brace  bore  the  same  strain  as 
one  of  the  struts  to  which  it  was  fixed  at  the  extremities,  but  now  we  shall  suppose  that  both  bars 

IT 

of  a  cross  are  subject  to  a  strain  — - ,  F  being  the  stress  in  tho  interval  occupied  by  the  cross. 

2  sin.  a 

It  follows  from  this  that  in  the  two  flanges,  the  sections  or  divisions  situate  perpendicularly  to 
each  other  will  support  also  the  same  strain  (on  account  of  the  condition  of  equilibrium  relative  to 
the  horizontal  projections  of  the  forces),  which  was  not  the  case  on  the  preceding  hypothesis ;  this 
strain  is  calculated  by  the  moment  of  rupture  with  respect  to  the  centre  of  the  cross ;  the  total 
weight,  however,  of  the  two  flanges  together  remains  the  same  as  before.  As  to  the  lattice,  not 

including  the  end  vertical  bars,  it  is  represented  by         .    . —  2  F,  an  expression  in  which  2  F 

2t  sin.  a 

denotes  the  sum  of  the  absolute  maxima  strains  in  tho  successive  intervals,  for  the  whole  bearing,  tho 
value  of  which  sum  is  given  in  6  for  the  two  cases  of  N  oven  or  odd.  Adding  the  end  vertical  bare,  the 
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strain  upon  which  ia  -  (N  +  1)(P  +/0  '»  including  the  weight  they  directly  support,  nnd  which 

W  -i-  1 

will,  therefore,  weigh  together  ( j>  +  /O *  f  A,  we  obtain  as  the  total  weight  of  the  lattice  per 

lineal  metre,  in  the  case  in  which  N  is  even,  the  following  expression  : 


99.  For  N  odd,  we  obtain  the  following  weight  of  the  lineal  metro  of  girder,  the  latter  being 
calculated  in  the  manner  wo  have  just  alluded  to  : 


This  formula  may  be  admitted  for  a  load  on  the  upper  or  on  the  under  side,  for  the  situation  of  the 
load  occasions  but  a  slight  difference  in  the  weight  of  the  end  vertical  bars. 

On  comparing  the  formula)  of  the  lattice  composed  of  crosses,  witb  those  of  girders  of  simple 
triangles  with  bars  at  an  equal  inclination,  wo  see  that  the  difference  consists  essentially  in  thin 
fact,  namely,  that  with  crosses  the  weight  of  the  lattice  is  modified  as  if  the  length  of  the  intervals 
8  had  been  doubled,  and,  consequently,  their  number  reduced  by  one-half.  We  ought,  in  general, 
to  adopt  t  hut  one  of  the  two  systems  which  brings  the  inclination  of  the  bars  nearest  to  45°. 

100.  Vertical  Hods  considered  as  a  supplementary  term.  —  On  comparing  girders  of  crosses  without 
intermediate  vertical  rods  with  those  which  possess  them,  we  find  that  these  latter  have  an  excess 
of  weight  represented  by  these  additional  rods,  which  thus  form,  from  the  point  of  view  of  tho 
resistance  of  the  girder,  a  superfluous  addition.  Their  use  is,  in  fact,  limited  to  distributing  the 
load  among  all  the  summits  both  at  the  top  and  at  the  bottom,  instead  of  affecting  directly  only 
one  of  the  flanges  ;  but  there  is  no  advantage  in  this,  because  the  horizontal  space  between  the 
points  of  application  of  the  strains  remains  the  same. 

But  these  rods  are  useful  in  certain  cases,  chiefly  in  girders  loaded  on  the  lower  side,  to  stay 
the  vertical  portion  and  maintain  its  perpendicularity.  We  are  justified,  therefore,  in  considering 
this  kind  of  girder  ;  only,  as  the  reason  for  introducing  intermediate  vertical  rods  is  foreign  to  the 
theoretical  resistance,  we  shall  reckon  them  as  a  supplementary  addition,  represented  for  the 

metre  of  girder  by  the  term  —  —  ,  in  which  r  denotes  the  weight  of  the  lineal  metre  of  rod.    These 

rods,  which  usually  need  be  placed  upon  one  side  only  of  the  vertical  portion  of  the  girder,  may 
have  the  form  of  a  single  "]"  composed  of  a  projecting  strip  of  plate  iron  and  two  angle-irons.  If, 
for  instance,  for  heights  of  2  to  5  metres,  these  sections  are  composed  in  the  following  manner  :  — 


Height  A  of  the  girder       

2m 

3™ 

4m 

5m 

Mean  section  of  a  <  Projecting  plate  of  .  . 

130/10""" 

200/10 

260/10 

260/10 

vertical  rod    ..   i  Two  angle-irons  of  .. 

80/80/10 

80/80/10 

110/70/10 

130/75/12 

we  shall  conclude  that  r  may  be  represented  by  8  (2  4-  A)  ,  and,  consequently,  the  additional  term 
for  vertical  rods  will  be  —  —  —  --  -  .  The  rest  of  the  girder  will  be  regarded  as  expressed  by 

the  formulae  for  lattices  composed  of  crosses  without  intermediate  vertical  rods. 

101.  Examples.  —  First  Example.  —  Girder  of  Crosses  without  intermediate  Vertical  Rods,  Figs.  1705 
to  1707.—  Data  :  /  =  24™,  5  =  3™,  N  =  8,  h  =  2*"5Q,p  =  1000k(the  girder  itself  weighing  300), 
p'  =  2400k  (one  rail),  p  +  p'  =  3400,  q  =  0'706. 

Following  the  method  of  calculation  set  forth  in  98,  the  strains  upon  the  successive  divisions  of 
the  flanges  will  be,  reckoning  from  the  middle,  94  -9,  82-6,  58  '2,  21  '4  tons  ;  those  upon  each  of  the 
two  bars  forming  the  successive  crosses  will  be  8'2,  14  •!,  20  '6,  27  '9  tons  ;  and  that  upon  the  end 
vertical  bars  23  tons. 

The  braces  are,  like  the  struts,  made  of  double  angle-irons,  in  order  that  the  rigidity  of  the 
compressed  bar  may  be  identified'  with  that  of  a  cross  composed  of  four  angle-irons  by  joining  the 
sections  of  the  brace  and  the  strut.  For  a  bar  in  the  middle,  for  example,  the  reduced  thickness 
of  a  cross  of  four  angle-irons  of  70/70/8  millimetres  will  be  Om-08  ;  the  ratio  of  the  free  length  to 

2°80 
this  thickness  is  —  -  or  35,  which  requires  a  coeflBcient  of  stiffness  =  1-56.    With  the  section 

U  '  Uo 

adopted,  this  coefficient  is  1-55,  a  value  which  is  all  the  more  sufficient  because  the  rivetinga  at 
the  extremities  of  the  bar  amount  to  a  joining  of  the  metal. 

The  fixing  of  the  extreme  bars  requires  the  application  of  joint-plates  to  give  the  rivets  a  double 
resisting  section  :  we  obtain  by  this  means  twenty  sections,  which  is  amply  sufficient. 

Direct  calculation  gives  for  the  whole  girder  :  — 


Flanges  /Angle-irons  and  vertical  ribs  with  their  joint-plates      .  .  2750  Urnnk  , 

\Horizontalplates   ..........      ..      .  .....  2850  j^ 

Braces  and  struts   ..................  1550)  }7500k 

.Tm'nt-nla  toa     or»il      flllinn-    nlA+sta     nffivnrl      +,-»     4-V,rt    V.n  *.»     «*    4-Virt 


IV.  r* 


Joint-plates  and  filling-plates  affixed  to  the  bars  at  the  (iqnn  I 

noint  whflrfi  thpv  P.rnna  14Y1  f19w   I 


point  where  they  cross*      140  j 

Two  end  vertical  bars 210J 

Say  300  kilogrammes  per  metre  of  girder. 
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Theflanges  weighing  224  kilogrammes  the  metre  of  girder,  whilst  the  formula  in  97  gives  them 
167  U,  we  have  U  1  -34. 

The  bars  amount  to  1900  kilogrammes,  140  of  which  are  for  the  special  pieces  for  fixing  the  end 


bars  and  the  plates  which  are  affixed  to  the  bars  at  the  points  where  they     1TO- 
cross  each  other ;  but  these  140  kilogrammes  are  nearly  compensated  by  the  a&,mm  m. 
saving  resulting  from  the  fact  that  tlie  bars  have  not  quite  their  theoretical  »-M-* 
length ;  so  that  we  may  suppose  n  nul,  and  take  then  V  =  1  '30,  at  which  we  fci  i£i 

1900 
arrive  from  a  comparison  of  the  weight  -— -  =  76  kilogrammes,  resulting  from 

18 
the  calculation,  with  that  of  33(1  +  V),  furnished  by  the  formula. 

If  we  admitted  1  +  V  =  1-95  +  0'15  A,  the  best  height  would  result  from 
the  equation  120  =  (2 -65  +  0-408  A)  A2,  and  would  be  about  5  metres,  a  great 
value  which  proceeds  from  the  extreme  lightness  of  the  lattice ;  but  it  is 
prudent  not  to  exceed  the  height  of  4m  •  50,  near  which  we  cannot  practically 
reduce  the  section  of  the  flanges. 

A  greater  diminution  of  the  height  is  warranted  by  the  small  variation  of 

the  weight  and  by  the  advantage  of  diminishing  the  importance  of  the  exterior  tie-pieces.  Yet, 
if  the  height  allowed  be  unlimited,  we  shall  do  well  to  take  a  height  of  3  metres,  instead  of  2  -50 
as  in  the  plan. 

If  the  load  were  doubled  and  made  6800  kilogrammes  the  metre,  everything  included,  it  would 
be  easy  to  reduce  U  to  1  •  25,  and  V  to  1  •  15,  even  if  the  height  were  carried  up  to  3m  •  50. 

102.  Second  Example. — Girder  of  Crosses  and  without  Vertical  Sods,  for  a  Tubular  fridge  of  72  metres 
span,  Figs.  1708  to  1717— Data:  I  =  72m,  8  =  8m,  N  =  9,  A  =  9™,  p  =  3000k  (the  girder  itself 
weighing  1700),  p'  =  4000k,  p  +  p'  =  7000k,  q  =  0-5714. 

When  one  line  of  rails  only  is  loaded,  p'  amounts  to  only  3000  kilogrammes,  which  will  allow  us  to 
reduce  by  $  the  weight  of  the  girder  if  we  do  not  object  to  raise  R  to  7  kilogrammes  the  square  milli- 
metre for  the  very  exceptional  case  of  two  heavily-laden  trains  crossing  the  bridge  at  the  same  time. 

The  strains  upon  the  portions  of  the  flanges,  reckoning  from  the  middle  to  the  ends,  are : — 498, 
473,  398,  274,  and  100  tons ;  the  strains  upon  each  of  the  two  bars  of  the  crosses  =  24,  52,  82,  115, 
and  150  tons ;  the  end  vertical  bar>  support  112  tons. 

In  the  elevation  of  this  girder  and  some  others  we  have  been  obliged  to  exaggerate  slightly  the 
thicknesses  of  the  horizontal  plates  of  the  flanges  in  order  to  render  the  arrangement  of  them 
perceptible. 

The  struts  have  a  double  X  section,  offering  a  great  moment  of  resistance  in  the  direction  normal 
to  the  vertical  portion  of  the  girder.  In  the  plane  of  this  vertical  portion,  the  free  length  being 
only  half,  the  rigidity  is  sufficient  with  the  sections  adopted.  We  might,  if  necessary,  take  the 
sections  of  a  hollow  form,  as  in  Figs.  1 690  to  1700. 

The  braces  are  composed  of  two  <  al  and  pnrallel  pieces  enclosing  the  strut,  and  are  fixed 
externally  to  the  vertical  ribs  of  the  flanges;  but  the  two  bars  of  the  middle  cross  are  identical  and 
in  the  form  of  a  double  T- 

In  fixing  the  end  bars,  the  double  rib  allows  us  to  place  eighty  rivets  of  Om  •  025 ;  so  that  it  is 
useless  to  double  the  shearing  sections.  The  thickne&s  of  O"" 01 2  given  to  the  ribs  renders  tearing 
away  impossible. 

The  gussets  at  the  point  where  the  bars  cross  each  other  serve  not  only  to  connect  the  brace  and 
the  strut,  but  as  joint-plates  for  these  pieces.  But  for  several  bars  at  the  end,  composed  of  two 
thicknesses  of  plate,  this  gusset  can  cover  the  joint  of  only  one  plate ;  the  joint  of  the  second  plate 
is  then  made  to  fall  in  another  place  where  it  has  special  joint-plates.  The  angle-irons  of  the  bars 
may  be  continuous  throughout  the  length. 

The  following  is  the  result  of  the  calculation  : — 

(i    .         ( principal  .                     10505N 

Angle-irons  |  ^^ 2835 

Double  vertical  ribs        '.'.      .'.     ..     '. 22380 1 

Special  joint-plates  for  angle-irons,  and  so  on    ..  8550  / 
Horizontal  plates  with  their  joint-plates 

Plates  between  the  vertical  ribs,  at  the  ends  of  \ 

each  cross-girder 450' 

(  Struts  and  braces 27630) 


8550  )  87840,  say  879000" 
48120 


Bars 


I  Two  end  vertical  bars     ............     4270  | 

2100  ) 


|  Plates  at  the  point  of  crossing  and  joint-plates 
Hand-rails 


34000 
600 
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Itfollowsfromthis 
that  the  mean  weight 
of  the  lineal  mbtre  of 
girder  will  be  1630 
kOQBMMMft 

We  might  make  %  * 
up  mi  additional  term 
r.  by  taking,  in  the 
flanges,    the    border 
angle-irons  which  do 
not   enter    into    the 
theoretical  resistance, 
and  the  plates  at  the 
ends  of  the  cross-gir- 
ders ;  and  in  the  bars, 
the    plates    at    the 
points  of  crossing  and 
the  joint-plates ;    to 
this  might  be  added 
the  hand-rails.     But 
we   should    have  to 
deduct  the  saving  in 
the    length    of    the 
bars,  which  does  not 
reach  the  theoretical 
length ;  and  this  sav- 
ing more  than  com- 
pensates the  weight 
of  the  light  pieces  of 
railing.     The  plates 
upon   the   bars    and 
their  joint-plates  may 
enter  into  V,  for  these 
pieces  are  a  function 
of  h  in  this  sense  that 
a  less  height  would 
allow  us  to  suppress 
the  joint-plates   and 
reduce  the  dimension 
of  the  plates.     The 
accessories  -i  of  '  the 
flanges   may  be    in- 
troduced into  the  co-   . 
efficient  U.  From  this  f 
point  of  view,  we  shall  ~ 
regard  XI  as  nul,  U 
=  l-36,andV  =  l-25. 
If  we  admit  that 
when  near  the  most 
economical  height,  1 
+ V  increases  accord- 
ing to  the  law  1  + 
V  =  1-35  +  0-10  A 
and  that  U  is  reckoned 
as  only  1-06,  accord- 
ing to  the  rule  given 
in  64,  the  best  height 
will  result  from  the 
equation   0'807A3  + 
5 -45  A*  =  2726,   and 
will    be    13    metres. 
Indeed  we  shall  then 
have    V  =  1'65,    U 
=  150,  and  the  weight 
of  the  girder  a  metre 
will  be  brought  down 
to  1510  kilogrammes, 
whilst  for  A  ss  9,  V 
=  1 -25  and  U  =1-36, 
the     formula    gives 
1626  kilogrammes. 

103.  ThirdExample. 
-—Girder  of  Crosses  and 
with  Vertical  Bods,  of 
40  metres  span.  Figs. 
1718  to  1725.— Data: 
/  =  40",  8  =  4», 
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N  =  10,  A  =  4m-50;  p  ^  2500",  //  =  3200  (one  line  of  rails  loaded),  p  +  p  =  5700k 
q  =  0-56. 

In  the  exceptional  case  in  which  both  lines  are  simultaneously  loaded  at  the  rate  of  4300  kilo- 
gnunmea  a  metre  each,  the  bridge  will  be  subjected  to  a  strain  of  about  7k  •  2,  and  this  may  be 
allowed. 

Successive  strains  upon  the  portions  of  the  flanges  =  248,  228,  188,  127,  and  4G  tons  ; 

Successive  strains  upon  the  bars  =  lt>,  28,  41,  54,  and  C8  tons ; 

Strain  upon  the  end  vertical  bars  =  51  tons. 

In  order  to  fix  properly  the  struts  in  the v  double  I  form,  whose  greatest  stiffness  is  in  the 
direction  normal  to  the  vertical  j>ortion  of  the  girder,  double  vertical  ribs  to  each  flange  have 
been  adopted,  as  in  the  preceding  example.  The  braces  are  of  flat,  equal  and  parallel  bars 
enclosing  the  struts,  except  in  the  two  middle  crosses,  in  which  the  flat  bars  are  replaced  by  two 
angle-irons  of  110/70/11  millimetres,  because,  in  certain  positions  of  the  load,  these  braces  may 
have  to  bear  slight  compression. 

The  bars  bearing  the  greatest  strain  are  fixed  without  having  recourse  to  double  shearing 
sections,  for  20  or  24  rivets  may  be  placed  upon  each  of  the  two  riba,  and  this  is  amply  sufficient. 

The  intermediate  vertical  rods  serve  for  afllxing  the  cross-girders.  The  following  is  the  result 
of  calculation : — 


Two  fl  i  <*•  >   !  Angle-irons  and  vertical  ribs  with  their  joint-plates 
°     \  Horizontal  plates  and  their  joint-plates 

|  Oblique  bars  (including  100*  for  plates) 
Lattice    ..    ]  Two  end  vertical  bars  with  their  gussets 

(  Nine  intermediate  vertical  rods      


1330°}  23500  j 
1450  1 10500  J 


10200 

7200 


[  34000"- 


1850  J 


Thns  the  girder  weighs  815  kilogrammes  per  metre,  its  whole  length  being  41m-80. 

The  term  fl  will  be  nul,  for  the  bar-plates  amounting  to  only  100  kilogrammes,  do  not  even 
compensate  the  saving  upon  the  length  of  the  bars. 

The  flanges  amount,  according  to  calculation,  to  563  a  metre,  and  according  to  the  formula 
435  U;  hence  U  =  1'30. 

The  oblique  bars  =  207  according  to  calculation,  and  90  (1  +  V)  according  to  the  formula. 
Therefore  V  =  T30. 

Supposing  l  +  Y  =  lp75-r-— -A,  and  expressing  the  vertical  rods  by  an  additional  term 
o 

— ,  (100),  the  most  economical  Height  will  be  5m  •  90,  which  will  allow  us  to  con- 
struct a  tubular  bridge,  and  to  suppress  the  intermediate  vertical  rods.  Thus  for  bridges  of  two 
girders  of  more  than  40  metres  span,  we  may  adopt  the  tubular  system  in  preference  to  girders 
loaded  on  the  lower  side,  if  we  desire  to  obtain  greater  stability  in  the  girders. 

104.  Tables  of  the  Weights  of  Girders. — The  best  height  to  adopt  is  an  implicit  function  of  the 
load  in  virtue  of  the  coefficient  V,  so  that  the  height  of  heavy  girders  may  be  increased  a  little. 

If  for  girders  lightly  loaded  we  suppose  h  =  O'll/,  U  =  1'40,.V  =  1-35,  and  for   girders 

heavily  loaded  h  =  —  I,  U  =  1'35,  and  V  =  1'30,  these  coefficients  will  allow  us  to  suppose  fl 

o 

nul,  and  by  applying  the  general  formulae  (97  and  99),  we  may  construct  the  Tables  on  p.  827, 

p 
giving  the  values  of pr—^- ;  that  is,  the  weight  of  the  lineal  metre  of  girder  will  be  found 

by  multiplying  the  numbers  of  the  Tables  by  ( p  +  p')  !• 

The  least  expense  corresponds  to  N  =  8  in  the  first  Table,  and  to  N  =  7  in  the  second.  These 
values  give,  having  regard  to  the  heights  adopted,  directions  to  the  bars  a  little  less  than  45° 
upon  the  horizontal,  since  the  Tables  decrease  with  N. 

If  there  be  intermediate  vertical  rods,  they  must  be  added  as  we  have  seen  in  100,  which  is 

equivalent  to  adding  to  the  numbers  in  the  Tables  the  quantity  — • 

105.  Supposing  loads  similar  to  those  which  were  taken  for  girders  of  triangles  (92),  the  weight 
of  the  girders  themselves  only  being  slightly  reduced  in  a  few  cases,  and  taking  the  same  values 
of  N,  namely,  7  for  a  span  of  20  metres,  8  for  spans  of  30  to  60  metres  inclusive,  9  for  70  metres, 
and  10  for  80  metres,  we  shall  have  the  following  approximative  weights  for  girders  without 
intermediate  vertical  rods. 


Metres. 

Metres. 

Metres. 

Metres. 

Metres. 

Metres. 

Metres. 

Spans    

20 

30 

40 

50 

60 

70 

80 

Weight  of  the  lineal  metre  of  girder  carrying\ 
one  rail  (h  =  0-11  /)       j 

Kilos. 
260 

Kilos. 
385 

Kilos. 
520 

Kil«w. 
650 

Kilos. 
780 

Kilos. 
940 

Kilos. 
1140 

Weight  of  the  lineal  metre  of  girder  carrying] 

one  line  of  rails  ^  =  -A      | 

445 

670 

880 

1100 

1310 

1590 

1900 

It  will  be  seen  that  in  large  spans  these  girders  of  crosses  without  vertical  rods  offer  a  small 
saying  over  those  of  simple  triangles  (92),  because  the  supposed  values  of  N  allow  of  the  bars 
being  placed  nearer  the  inclination  of  45°,  and  because  in  the  double  lattice  the  strains  upon  the 
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strata  and  braces  are  loss,  and,  therefore,  the  several  parts  may  be  fixed  without  the  addition  of 
supplementary  pieces. 

106.  For  girders  with  vertical  rods  calculated  as  in  100,  the  Table  will  become  on  the 
hypothecs  of  the  same  heights,  although  there  may  be  occasion  to  reduce  them  a  little  in 
this  oaae : — 


Metres. 

Metres. 

Metres. 

Metres. 

Me-tres. 

Metres. 

Metros. 

20 

30 

40 

50 

60 

70 

80 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Weight  of  the  lineal  (  carrying  one  rail    .. 
m.  tro  of  girder      \      „       one  line  of  rails 

285 
475 

420 

720 

565 
910 

700 
1170 

840 
1390 

1020 
1690 

1235 
2020 

being  weights  differing  but  little  from  those  of  girders  of  simple  triangles  (92). 

107.  Double  Crosses. — In  cases  of  limited  height,  or  in  those  of  small  girders,  if  we  happen  to 

have  *  <  — =  we  may  place  two  crosses  in  an  interval  8  comprised  between  two  successive  points 

of  applioation  of  the  load.    In  this  case,  the  weight  of  the  diagonals  will  be  modified,  sin.*  a  being 

changed  into  —  sin.*  a',  a'  representing  the  greater  inclination  obtained  by  the  doubling  of  the 

I 

crosses.  The  flanges  depend  only  on  the  dis- 
tance apart  of  the  loaded  points ;  the  vertical 
rods,  if  there  are  any,  will  be  placed  square 
with  the  cross-girders,  in  every  second  cross, 
Fig.  1726. 

Confining  ourselves  to  the  case  of  N  odd, 
the  weight  of  the  metre  of  girder  may  be 
computed  by  the  formula 


1726. 


when  the  load  is  placed  upon  the  lower  part  ;  and  by 


12  h 


V)  (i  +  I 


+  n, 


1727. 


if  the  load  is  on  the  upper  part.    The  coefficient  V  is  applied  to  the  end  vertical  bars  as  well  as  to 
the  other  bars  under  compression. 

108.  Multiple  Lattice-girders.  —  General  Observations.  —  A  multiple  lattice  may  usually  be  con- 
sidered as  resulting  from  the  superposition  of  several  simple  lattices,  at  least  if  we  omit  to  consider 
the  connection  at  the  points  where  they  cross  each  other.  The  component  simple  lattices  may  be 
of  different  systems,  as  it  happened  in  the  case  of  girders  of  crosses;  sometimes,  in  such  cases, 
certain  bars  participate  simultaneously  in  the  composition  of  two  elementary  lattices  ;  and  if  they 
are  acted  upon  on  one  side  by  a  force  of  compression  and  on  the  other  by  a  force  of  tension,  their 
resulting  maximum  strain  may  be  Limited  to  a  small  value,  as  in  the  case  of  vertical  rods  con- 
sidered in  section  95. 

We  are  now  about  to  consider  exclusively  another  kind  of  multiple  lattice,  resulting  from  the 
union  of  several  simple  lattices,  identical  in  form,  but  placed  one  before  another.  Thus,  in  Fig. 
1727,  the  system  A  B  C  D  is  a  simple  lattice,  but  we  shall  form  a  double  one  by  superposing  the 
parallel  lattice  A'  B'  C',  and  this  duplication  will 
enable  us  to  distribute  the  load  applied  to  the  girder 
over  a  double  number  of  points,  without  subjecting 
the  portions  of  the  flanges  to  a  deflecting  strain.  The 
load  may  be  applied  to  all  the  summits  or  only  to 
some  of  them.  But  even  if  all  the  loaded  summits 
should  belong  exclusively  to  one  of  the  elementary 
lattices,  all  the  bars  will  take  part  in  the  resistance, 
for  in  virtue  of  the  rigidity  of  the  portions  of  the 
flanges  a  parallelogram  such  as  BC  E  D  cannot  be  distorted  by  the  lengthening  or  shortening  of 
the  bars  B  C,  D  E,  without  producing  a  change  in  the  intermediate  bar  C'  D'.  Thus  it  is  usual  to 

ulate  first  the  strains  in  a  simple  system  as  A  B  C  D,  and  then  to  divide  them  equally  among 
the  whole  of  the  bars.  The  flanges  are  regarded  as  loaded  in  a  continuous  manner. 

The  connection  at  the  points  of  crossing  enables  a  bar  to  receive  variable  strains  at  the  same 
instant  in  its  several  subdivisions,  and  the  vertical  portion  of  the  girder  thus  possesses  a  certain 
moment  of  resistance.  But  these  secondary  considerations  are  never  taken  into  account. 

The  theoretical  weight  of  a  multiple  lattice  must,  therefore,  be  obviously  the  same  as  that  of  a 
simple  lattice  the  bars  of  which  have  the  same  inclination.  But  hi  practice  each  system  has  its 
advantages  and  its  disadvantages,  and  may  modify  the  expense  in  one  direction  or  in  another. 
By  multiplying  the  bars  we  incur  excesses  of  section,  because  the  theoretical  strains  become  very 


C' 


E  ' 
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email  and  would  require  dimensions  which  the  importance  of  the  girder  would  not  allow ;  tho 
plates,  too,  on  the  points  where  the  bars  cross  each  other  increase  in  proportion.  On  the  other 
hand,  a  multiple  lattice  may  always  be  traced  near  45°,  whatever  the  interval  between  the  cross- 
girders  may  be,  whilst  with  simple  bars  we  may  be  obliged  to  have  recourse  to  less  advantageous 
inclinations.  From  the  point  of  view  of  rigidity,  if  the  multiplicity  of  the  points  of  crossing  offers 
the  advantage  of  subdividing  the  bars  into  portions  of  inconsiderable  length,  on  the  other  hand 
the  sections  decrease,  the  vertical  portion  of  the  girder  acquires  a  tendency  to  twist  like  a  thin 
sheet  of  iron,  and  we  are  obliged  to  remedy  this  disadvantage  by  the  addition  of  stiffening  vertical 
rods.  At  the  ends  of  the  girder,  a  certain  number  of  the  elementary  lattices  terminate  by  frag- 
ments of  bars  which  are  fixed  at  different  points  in  the  height  of  the  end  vertical  bar.  This 
bar  would,  therefore,  have  a  tendency  to  bend  if  the  precaution  were  not  taken  of  replacing  it  by 
a  broad  piece  of  solid  plate  iron  stiffened  by  projecting  ribs. 

It  seems,  therefore,  preferable  not  to  multiply  beyond  a  moderate  degree  the  systems  of  lattice, 
but  to  construct  them  of  bars  possessing  the  greatest  possible  rigidity.  It  is  only  in  cases  in 
which  the  rivetings  become  difficult  that  we  should  have  recourse  to  the  multiple  system, 
for  then  the  bars,  being  weakened,  may  be  fixed  by  a  very  small  number  of  rivets.  This  is  the 
principal  consideration  which  should  decide  the  degree  of  multiplicity. 

As  to  the  comparative  security  of  simple  and  multiple  lattices,  provided  the  joints  and  rivetings 
are  equally  solid,  they  may  be  regarded  from  this  point  of  view  as  equal.  If  the  bars  were  of  cast 
iron  or  of  wood,  it  might  be  objected  that  a  defect  in  a  single  piece  would  be  sufficient  to  ruin  a 
simple  system,  whilst  in  a  multiple  system  the  resistance  never  falls  upon  a  single  piece.  But  in 
bridges  of  malleable  iron,  this  objection  would  be  specious,  for  a  bar  should  have  such  a  section 
that  it  may  be  composed,  in  almost  all  cases,  of  several  pieces  riveted  together ;  consequently,  a 
defect  in  one  of  the  pieces  will  be  protected  by  ths  other  sound  parts,  and  it  may  happen  that  all 
the  elementary  pieces  may  be  defective  without  the  whole  breaking,  if  the  defective  portions  are 
isolated  by  the  rivetings ;  the  only  result  in  such  a  case  being  a  greater  strain  upon  the  sound 
portions  than  was  anticipated.  In  those  parts  in  which  the  strains  are  inconsiderable,  a  multiple 
system  will  offer  in  general  a  great  excess  of  resistance,  but  it  will  be  at  the  price  of  an  excess  of 
material,  and  we  might,  if  we  chose,  increase  the  sections  in  a  simple  system  to  obtain  an  equal 
additional  security. 

109.  If  the  inclination  of  the  bars  remains  constant  when  the  height  varies,  the  lattice  will 
have,  theoretically,  a  nearly  constant  weight ;  in  order  that  the  flanges  may  be  supported  at  the 
same  intervals,  the  multiplicity  of  the  lattice  must  increase  with  the  height.    Indeed,  even  when 
the  general  rigidity  of  the  vertical  portion  of  the  girder  resides  chiefly  in  the  addition  of  projecting 
ribs,  we  must  reckon  upon  a  surplus  expense  for  the  local  rigidity  of  the  several  portions  of  the 
compressed  bars,  and  for  other  conditions  which  must  be  fulfill^,  principally  not  to  reduce  the 
sections  below  a  certain  minimum,  not  to  make  a  continuous  variation  from  bar  to  bar,  but  only 
by  successive  groups,  to  take  into  account  in  certain  cases  the  weakening  occasioned  by  the  rivet- 
holes,  and  so  on.    We  may  affect  the  whole  of  the  lattice  with  a  coefficient  V,  but  in  analogy 
with  the  notations  employed  for  girders  of  triangles  or  crosses,  in  which  V  was  specially  applied 

1  +  V 
to  the  struts,  we  will  denote  the  general  coefficient  by  — - — ,  (82). 

I 

110.  The  stiffening  vertical  rods  may  serve  also  for  affixing  the  cross-girders,  and  the  vertical 
cross-bracing.    Their  section  increases  with  the  height,  but  may  be  taken  nearly  constant  with 
the  load  in  the  ordinary  cases  of  railway  bridges,  for  they  will  thus  add,  as  they  should  do,  a 
relative  increase  of  strength  which  will  be  the  greater  as  the  lattice  becomes  weaker  and  more 
liable  to  distortion.    For  the  same  reason  they  may  be  made  to  vary  but  little  in  the  several  points 
in  the  length  of  a  given  girder. 

Instead  of  placing  only  one  vertical  rod  in  a  line  with  each  cross-girder,  it  may  be  advantageous, 
if  the  distances  8  are  great,  to  have  two  for  each  interval,  placing  them  alternatively  on  each  side 
of  the  vertical  portion  of  the  girder  when  nothing  prevents.  Or  we  may  place  principal  rods  in  a 
line  with  the  cross-girders,  and  other  weaker  rods  in  the  middle  of  the  intervals. 

Let  us  suppose  adopted  as  a  mean,  for  the  case  of  one  rod  to  the  interval  5,  the  sections  given 
in  Fig.  1728. 


can  srction  of  the 
tartfcal  rods  .  .  . 


The  weights  given  by  this  figure  may  be  put  into  the  formula  15  A,  so  that  the  weight  of  the 
rods  a  lineal  metre  of  girder  will  be  represented  by  — —  • 

111.  Formula  of  Weight— The  flanges  will  make  up  a  weight  -  — ~-    -   a  lineal  mitre 

1  -f  V 

of  girder,  regarding  the  load  as  continuous.    The  bare  at  45°  give  -      -  (p  +  p')  (6  +  7)  It 
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The  end  vertical  bare  transmit  to  the  abutments  the  strains  upon  the  bars  which  are  fixed  at 
diiFrrent  points  in  their  length;  their  section  should  theoretically  increase  from  the  top  to  the 
bottom,  and  as  their  mean  compression  is  equal  to  half  the  reaction  _of  the  abutment,  that  is  to 

4  (P  +  J>')  /»  their  total  weight  will  be  -  (p  +j/)  tlh,  say  -  (p  +  p')  th  per  metre  of  girder. 

But,  in  practice,  this  is  insufficient,  and,  as  we  shall  see  by  the  examples  hereafter,  it  is  necessary 
to  add  to  each  extreme  bar  two  vertical  stiffening  rods  similar  to  those  described  in  the  preceding 
•ection  ;  we  thus  obtain  at  once  the  necessary  rigidity,  and  an  increase  such  that  the  section  will 
be  everywhere  superior  to  the  theoretical  value,  and  will,  therefore,  not  need  to  vary  from  the 
bottom  upwards. 

This  addition  of  four  vertical  rods  will  give,  to  a  metre  of  girder,  a  term  —  —  ,  admitting  the 

sections  of  Figa.  1729  to  1731  ;  and  if  there  are  already  intermediate  rods  to  the  number  of  --  1, 

8 
i        q  » 

the  term  including  all  these  additions  will  be  15  A*  - 

I  o 

To  sum  up,  we  shall  have  the  weight  of  the  lineal  metre  of  a  lattice-girder  with  vertical  rods, 
by  the  formula 


112.  Suppose  l  +  V  =  a  +  6A,  this  formula  becomes 
P 


If  the  ratio  —  were  regarded  as  constant,  and  we  made  —  ^—  '-.  —  ~  =  0,  the  most  advan- 


tageous  height  would  be  A,  =  /  V  -   _  -  ?  and  it  would  reduce  the  weight  of 

3  +  -6/(6  +  ?)  +  90fl 


- 
the  metre  of  girder  to  the  minimum  value, 


n. 
If,  instead  of  A,  we  adopted  a  different  height  A  =  K  Alt  the  term  of  the  radical  in  the  preceding 

AC2  -{-   1 

expression  would  be  multiplied  by  —  =  —  • 

*-  tf 

But  usually  8  is  a  fixed  quantity,  unconnected  with  A,  and  the  most  economical  height  is  then 
determined  by  an  equation  of  the  third  degree. 

113.  When  the  lattice-bars  have  sufficiently  rigid  forms  to  allow  the  vertical  rods  to  be 
suppressed,  the  weight  of  the  girder  will  be  found  by  the  formula 


114.  Examples.  —  First  Example.  —  Flat-tar  Lattice-girder  with  Vertical  .Safe,  Figs.  1729  to  1731.  — 
Data  :  /  =  27m'50,  5  =  3»-00,  p  =  1100k,  p'  =  2400k  ,  p  +  p'  =  3500k  ,  q  =  0-686. 

The  flat  form  which  the  bars  have  in  this  case  is  the  least  favourable  to  rigidity,  but  it  enables 
us  to  place  the  vertical  rods  in  a  projecting  position  upon  each  side  of  the  vertical  portion  of  the 
girder,  without  weakening  in  any  part  the  section  of  the  bars.  The  lattice  is  multiplied  eight 
times  ;  the  bars  of  which  it  is  composed  vary  from  130/14  millimetres  to  60/12,  both  for  compression 
and  tension  ;  for  here,  the  bars  being  weak,  it  is  well  to  give,  even  to  those  subject  to  tension,  an 
excess  of  section  on  account  of  the  loss  occasioned  by  the  rivet-holes.  In  a  line  with  the  cross- 
girders,  at  intervals  of  3  metres,  the  lattice  is  enclosed  by  vertical  rods  formed  of  two  angle-irons 
of  80/120/10  millimetres,  one  on  each  side;  and  in  the  middle  of  the  intervals  there  are  single 
rods  formed  of  one  angle-iron.  The  weight  of  all  these  rods  to  each  lineal  metre  of  girder  is  42  kilo- 

grammes ;   this  result  agrees  with  the  formula  which,  for  8  =  3,  gives  —  -  —  =  45,   the  weight 

42  kilogrammes,  not  including  certain  pieces  used  to  fill  up  the  hollows  in  fixing  the  rods.    The 
figure  contains  plans  or  diagrams  of  the  resistance  of  the  flanges  and  the  lattice    the  former  shows 
the  arrangement  of  the  horizontal  plates  and  their  joint-plates.    In  the  diagram  of  the  lattice  the 
ordinates  of  the  curve  represent  the  strain  upon  a  bar  to  the  scale  of  2£  millimetres  a  ton  or  the 
necessary  theoretical  section,  abstracting  the  rigidity  to  the  scale  of  1J  millimetre  a  square 
centimetre  ;  the  broken  line  is  the  locus  of  the  sections  really  adopted,  or  the  strains  to  which  the 
bars  would  be  liable  if  they  could  be  subjected  to  a  stress  of  6  kilogrammes  a  square  millimetre. 
The  weight  of  a  girder  is  made  up  of  the  following  quantities  :  — 

Flanges,  including  joint-plates         ............     7600M  12q70 

Bars  at  45°  (including  270k  for  plates)     ..........     3300 
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831 


1729. 


1T31. 


The  formula  of  111  will  be  made  to  agree  with  the  results  by  supposing  TJ  =  1  -30,  V  =  2-16, 
and  n  =  12  kilogrammes  say  the  0'026  of  the  total  weight.  The  term  ft  includes  the  plates  upon 
the  bars  at  the  points  of  crossing  and  the  filling  used  in  fixing  the  vertical  rods.  The  value  of  V 
is  high,  because  the  tension-bars  have  been  increased,  as  well  as  those  subject  to  compression ;  the 
discontinuous  variation  of  section  by  groups  of  bars  is  also  a  source  of  loss.  Yet,  notwithstanding 
this  high  value  of  V,  the  rigidity  of  the  lattice  is  to  us  less  satisfactory  than  in  the  girders  of  the 
following  examples,  in  which  the  bars  have  a  better  form.  If  the  load  were  double,  V  could  be 
reduced  easily  to  1  •  90.  The  vertical  rods  agree  with  the  hypotheses  of  the  formula  by  taking 
8  =  3  metres,  that  is,  by  considering  the  single  rods  as  borrowed  from  the  double  or  principal  rods, 
which  are  to  an  equal  extent  weakened. 

The  end  solid  vertical  pieces  are  also  conveniently  represented  by  the  formula,  for  the  term 

77  (P  +p")Ith  gives  188  kilogrammes,  four  rods  give  60 1?  or  540,  and  the  8GO  kilogrammes  of  the 

Zt 

calculation  will  be  completed  by  the  fact  that  the  total  weight  of  the  lattice  proper  is  calculated 
for  the  whole  length  of  girder  instead  of  for  the  bearing  only. 

If  we  suppose  V  +  1  =  2*35  +  0-27  A,  the  most  advantageous  height  will  bo  obtained  from  the 
equation  608  =  (11-69  +  13-27  A)  A2,  whence  h  =  about  3m'30.  Reckoning  in  this  case  U  =  1-42, 
the  minimum  weight  will  be  452  kilogrammes,  including  12  kilogrammes  for  n. 

It  will  be  seen  that  the  reduction  of  the  height  to  3  metres  haa  not  increased  the  weight  in  any 
sensible  degree. 

115.  Second  Example.— Girder  with  Rigid  Struts  and  with  Vertical  Rods,  Figs.  1732  to  1741.— 
Data :  /  =  64m,  5  =  4m,  h  =  8m,  p  =  3000k,  p'  -  3000k  (for  the  case  of  a  single  lino  loaded  with 
4000"  ),  p  +  p'  =  6000k ,  q  =  0  •  50. 

Here  we  adopt  a  mixed  system,  better  than  the  preceding ;  the  vertical  rods  are  placed  upon 
one  side  only  of  the  lattice,  which  enables  us  to  place  on  the  other  side  oblique  bars  with  pro- 
jecting ribs,  and  arranged  to  resist  compression ;  in  the  middle  only,  a  few  braoea  are  made  of 
angle-iron,  because  in  certain  cases  they  may  be  subject  to  compression.  These  angle-irons  are 
then  cut  away  in  a  line  with  the  vertical  rods ;  but  their  resisting  section  remains  intact  in  th« 
portions  of  their  length  where  they  have  of  themselves  to  resist  compression,  producing  a  deflecting 
strain. 
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This  system  is  of  itself  sufficiently  rigid  to  allow  the  adop- 
tion of  a  more  open  lattice  than  in  the  case  of  flat  bars ;  and, 
in  fact,  notwithstanding  the  considerable  height  of  the  girder, 
we  have  multiplied  it  only  ten  times.  The  vertical  rods  weigh 
only  145  kilogrammes  a  metre  of  girder,  instead  of  240  kilo- 
grammes, which  the  formula  of  111  would  allow.  This  gain  is 
due  to  the  rigidity  which  the  struts  already  possess. 

The  following  is  the  result  of  direct  calculation : — 


Flanges 


Angle-irons  and  vertical  j 
ribs  with  their  joint-  >20000k 


plates 
Horizontal 


) 


55500 


96000,  say 
1435k  a 
metre  of 
girder. 


1736. 


plates  with  VQ--™ 
their  joint-plates       .. /dt 
Bars  at  45°,  including  1000k  for)2-2ftn 

plates  and  joint-plates       . .      . .  /  ^*)^"u     34500 
Vertical  rods,  with  their  filling    ..      9300  _ 

End  solid  vertical  pieces       .'    GOOO 

These  quantities  correspond  with  U  =  1  -25,  V  =  1  -80,  fl  =  15 
(for  plates  on  the  bars),  or  0  •  01  of  the  total  weight. 

For  the  end  vertical  pieces,  the  term  -^-  (p  +  p")lht  gives 

2000  kilogrammes,  four  vertical  rods  according  to  the  formula 
will  amount  to  3840 ;  these  two  amounts  added  to  the  weight 
furnished  by  the  hypothesis  that  the  lattice  extends  along  the 
bearing  upon  the  abutments,  will  give  more  than  the  6000 
kilogrammes  obtained  by  direct  calculation. 

If  the  height  be  increased,  and  the  same  degree  of  multi- 
plicity, and  the  same  distance  between  the  vertical  rods  re- 
tained, the  latter  being  suitably  strengthened,  V  will  vary 
but  slowly  on  account  of  the  rigid  form  of  the  compres- 
sion-bars. Suppose,  for  example,  1  +  V  =  2  •  40  4-  0  •  05  A, 

U  =  1  -06  +  0-024 A,  n  =  15,  and  reduce  to  10 A*  *  +  3S  the 

I  o 

t»rm  for  the  rods,  the  weight  of  the  metre  of  girder  with  the 
present  data,  but  for  an  indeterminate  height,  will  be 

~  =  5G45  i  +  10-66  A  +  2'97  A*  +  468. 
I  n 

The  minimum  is  for  A  =  about  9m'30,  and  its  value  is  1430 
kilogrammes,  whilst  for  the  height  of  8  metres  the  same  for- 
mula gives  1450  kilogrammes.  The  height  may,  therefore,  be 
again  slightly  reduced,  without  much  disadvantage:  taking 
it  at  7  metres,  for  example,  the  weight  would  not  exceed  1495  kilogrammes  a  metre. 

116.  Third  Example. — Rigid  Lattice-girder  without  Vertical  Itods,  Figs.  1742  to  1747. — Data: 
/  =  40™,  A  =  4m-50,  p  =  2200k  (the  girder  itself  weighing  900),  p'  =  3800k  (the  contiguous  lino 
only  being  loaded  at  the  rate  of  4300k  a  metre),  p  +  p'  =  6000,  q  =  0-623. 

The  lattice  is  only  sixfold.  All  the  bars  are  of  a  rigid  form,  and  the  connection  at  the  points  of 
crossing  utilize  the  rigidity  of  the  braces  in  favour  of  the  stouts.  The  bars  on  one  side  of  the 
lattice  keep  the  same  direction  throughout  the  length  of  the  girder,  so  that  no  projection  is  cut 
away.  Calculation  gives 

ff,          /Vertical  ribs  and  angle-irons  with  their  joint-plates    7500k\  „ , ,  nft  •»  37200k,  say 

in°es\Horizontal  plates  with  their  joint-plates        ..      ..   16900  /  ^  890  a 

Lattice-bars  (including  300k  for  gussets  at  the  points  of  crossing) . .     10300  (   metro  of 

End  vertical  pieces         2500  J     girder. 

These  quantities  correspond  with  U  =  1  '26,  V  =  1  '90,  and  n  =  7k,  say  the  0-008  of  the  total 
weight ;  V  might  be  reduced  if,  instead  of  having  only  four  scries  of  sections  for  the  bars,  wo  varied 
them  in  a  continuous  manner. 

If,  when  A  varies,  we  suppose  U  =  T06  +  0-046  A,  and  1  4-  V  =  T55  +  O'SOA,  the  formula  of 

P       2205 
113  will  become  with  the  other  data  of  the  present  example,  j  =  —j—  +  29'8.A4-1-5A14-  236. 

The  minimum  for  a  height  of  6™ '70  will  bo  831  kilogrammes  a  metre,  instead  of  890  a*  for  tho 
girder  in  the  plan. 

117.  Tables  of  Weights. — We  will  suppose  generally  tho  following  loads,  which  differ  from  those 
of  92  only  by  a  small  increase  in  the  weight  of  tho  girders : — 

Girders  carrying  one  rail.  Girders  carrying  two  railt. 

1=  20™  GO™  80™  ..  ..  20™  60™  80™ 

'  =  3600*  3600k  4000k  ..  ..  7000k  6900"  7GOOk 

^  =  0-695  0-556  0-500  ..  ..  0'714  0'580  0'576 

Let  us  suppose  again  for  girders  carrying  one  rail,  A  =  0*11  /,  U  =  1*40,  V  =  2 '20,  ft.=  10 

and  for  girders  loaded  with  two  rails,  A  =  --  /,  U  =  1  '30,  V  =  1  '90,  and  n  =  15.    Tho  formula  of 

8 

113  will  give  us  the  following  Table. 

3  H 
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Weight  a  lineal  metre  of  riyiJ  multiple  lattice-girders. 


835 


mi. 


Mfctrcs. 

Mfetrcs. 

Mfetrrs. 

Mhtres. 

Mitres. 

Mfetres. 

MHroa. 

Spaa   

20 

30 

40 

50 

CO 

70 

80 

Girders  carrying"! 
only  one  rail  .  .  J 

Kilos. 
315 

Kilos. 
465 

Kilos. 
610 

Kilos. 
760 

Kilns. 

910 

Kilos. 
1125 

Kilns. 

1335 

Girders  carrying\ 
two  rails        .  .  J 

510 

750 

990 

1230 

1465 

1800 

2135 

2.SM-- 


Generally  girders  carrying  two  rails  may  be  relieved  of  a  portion 
of  their  load,  if  we  allow  a  strain  greater  than  6  kilogrammes  the 
square  millimetre  for  the  accidental  case  of  two  heavily-laden  trains 
crossing  the  bridge  at  the  same  time. 

The  weights  in  this  Table  exceed  those  of  girders  with  simple 
crosses  (105),  but  are  considerably  below  those  for  girders  with  a  solid 
rib  (129,  130,  133). 

118.  For  lattice-girders  of  flat  bars,  with  stiffening  vertical  rods, 
V  can  receive  hardly  any  reduction,  and  the  weight  will  increase  by 
the  addition  of  the  rods.  The  latter  form  a  rather  arbitrary  element ; 
but  on  the  hypotheses  made  in  section  110,  and  by  giving  to  5  a  value 
varying  from  2  to  5  metres,  according  as  the  span  varies  from  20  to 
80  metres,  we  may  admit  the  following  figures,  which  suppose  the  adoption  of  the  same  heights  as 
in  the  preceding  section 

Weight  of  the  metre  of  a  flat  lattice-girder,  stiffened  by  vertical  rods. 


Metres. 

Mfetres. 

Metres. 

Mfctres. 

Mbtres. 

Mbtrrs. 

MMrrs. 

20 

30 

40 

50 

60 

70 

go 

Kilos. 

Kilos. 

Kilos. 

Kilos 

Kilos. 

Kilo*. 

Kilos. 

Girders  carrying  only  one  rail  

350 

530 

710 

890 

1075 

1320 

1570 

„             „        two  rails  

560 

835 

1115 

1400 

1675 

2055 

2435 

We  may,  in  the  case  of  vertical  rods,  adopt  heights  a  little  less  ;  but  the  weights  will  change 
only  in  a  very  small  degree. 

When  the  vertical  rods  are  on  one  side  only  of  the  lattice,  as  in  Fig.  1732,  we  may  make  half 
the  bars  at  45°  rigid,  and  reduce  in  consequence  the  weight  of  the  rods.  The  value  of  the  girder 
will  then  be  between  those  of  the  Tables  in  117  and  118. 

119.  Solid  Girders.  —  Vertical  Portion.  —  The  solid  rib  or  web  is  exclusively  employed  for  all  kinda 
of  girders  of  small  dimensions,  such  as  cross-girders  and  minor  longitudinal  girders.  We  have 
already  given  in  13  to  19  the  rules  applicable  to  these  kinds  of  pieces. 

We  purpose  now  to  examine  girders  of  greater  importance  ,  for  there  is  an  appreciable  interest, 
in  this  case,  in  submitting  the  plates  of  the  vertical  portion  and  the  pieces  which  give  it  rigidity 
to  a  more  minute  discussion. 

Denoting  the  height  of  the  girder  by  A,  and  the  variable  thickness  of  the  vertical  portion  by  e, 

the  theoretical  volume  of  the  latter  will  be  expressed  by  hfedx,orby^-fFd  x,  according  to  tha 

*M 

value  of  e  given  in  section  1.    Replacing  the  area  /  F  d  x  of  the  locus  of  the  stress  by  the  value  in 
section  4,  we  shall  have  for  the  whole  bearing  :  theoretical  volume  of  the  vertical  portion 


120.  Comparing  this  expression  with  the  theoretical  volume  of  a  multiple  lattice  at  45°  without 
vertical  rods,  namely,  ~  Q>  +  p')  (l  +  ^  q)  (1  +  V)  /»,  we  see  that  if  R,  were  equal  to  R, 

the  solid  rib  would  have  only  a  volume  equal  to  that  of  the  braces  in  a  multiple  lattice,  or  equal  to 
half  the  volume  of  this  lattice,  supposing  V  reduced  to  unity. 

We  may  conceive  this  fact  by  imagining  the  solid  rib  split  into  a  great  number  of  strips  at  45  , 
placed  so  as  to  form  the  tension-bars  of  a  multiple  lattice:  these  bars  in  mutual  contact  will  press 
each  other  laterally,  and  these  pressures  will  render  useless  the  addition  of  struts  ;  foi  a  rod  subject 
to  a  tensile  strain  at  the  rate  of  R  kilogrammes  the  unit  of  section,  may  also  be  compressed  at  the 
same  coefficient  normally  to  its  length  without  the  resulting  pressure  exceeding  R  in  any 

But  the  coefficient  R,  of  resistance  to  shearing  force  is  usually  taken  equal  to  4000000,  whilst 
R  rises  to  6000000.  The  vertical  portion,  or  rib,  will  therefore  already  reach  the  -  of  the  theore- 

tical volume  of  a  lattice  at  45°.   Besides  this,  the  joint-plates  and  the  pieces  added  to  give  rigidity, 
joined  to  the  circumstance  that  the  vertical  portion  itself  cannot  be  strictly  reduced  everywhere 
to  the  theoretical  thickness,  render  it  in  reality  more  expensive  than  the  lattice,  at  least  when  the 
girder  acquires  a  certain  importance.   Stiffening  pieces,  or  the  application  of  a  sufficient  rex  ffi< 
V,,  are,  it  is  true,  necessary  for  a  multiple  lattice  also;  but  if  it  be  a  very  open  one,  and  burs 
proper  form  be  adopted,  a  certain  fraction  of  the  required  rigidity  will  l.c  nlmuly  furnished  by  the 
theoretical  volume,  which  will  reduce  in  an  equal  degree  the  supplementary  additions. 

«5    U    £ 
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The  continuity  of  the  rih,  or  vertical  part,  prevents  it  from  resisting  exactly  as  a  lattice  ;  the 
strain*,  too,  vnry  in  a  continuous  manner  from  one  |>oint  t<>  another,  instead  of  remaining  constant 
throughout  the  length  of  the  imaginary  strips  of  which  we  have  spoken.  If  tho  plate  were  very 
thin,  compression  would  produce  corrugations,  while  tension  would  be  concentrated  in  certain 
points;  the  plate  would  wrinkle  in  directions  near  45°,  and  tho  wrinkles  thus  formed  would  show 
the  direction  of  tho  irri-:it«->t  t« -usUo  strains,  or  the  positions  of  the  braces  in  the  lattice  offering 
the  greatest  resistance,  which  might  be  cut  out  of  the  vertical  plate,  having  regard  to  tho  mode  of 


This  continuity  of  tho  vortical  portion  allows  it  to  be  introduced  into  the  calculation  of  the 
moment  of  resistance ;  but  generally  it  will  raise  it  only  by  a  very  small  value,  especially  as  the 
thickness  is  reduced  to  a  minimum  pren.-rly  in  the  middle,  where  the  moment  of  resistance  should 
bo  great  It  is,  therefore,  not  necessary  to  compute  exactly  the  part  taken  by  the  vertical  portion 
in  the  moment  of  resistance ;  it  is  well  even  to  undervalue  it  slightly,  on  account  of  the  influence 
of  tho  joints,  which  diminish  the  resistance  a  little. 

1-1.  Flanges. — Tho  variable  section  s  of  the  flanges  is  given  by  the  following  equation,  which 

expresses  the  equality  of  the  moment  of  rupture  M  to  the  moment  of  resistance :  M  =  R  h  I  s  +  -=^  I , 
•ee  lection  11.    Substituting  for  M  and  F  the  values  given  in  section  4,  we  deduce 


The  maximum  for  x  =  -  -  will  bo  s,  = 


8RA  48R, 

From  this  maximum  value,  the  theoretical  section  s  decreases  as  tho  ordinate  of  a  parabola  as 
WO  approach  the  abutments ;  it  becomes  nul  at  the  point  where  the  vertical  portion  alone  possesses 
ft  sufficient  moment  of  resistance  to  be  in  equilibrio  with  the  moment  of  rupture,  and  beyond  this 
it  becomes  negative  even.  But  it  cannot  in  reality  be  thus :  not  only  must  s  not  become  nul,  it 
must  not  even  descend  below  a  certain  minimum  s,  which  may  be  fixed  in  each  case.  If  x2  is  tho 
abscissa  (reckoned  from  tho  abutment)  which  gives  to  s  this  value  s2,  the  total  volume  of  the  flanges 

wfllbe  2  [/«,  +  -|(«,  -  »,)  (/  -  2*)]  . 

122.  But  this  formula  would  be  inconvenient,  and  it  is  better  to  consider  simply  the  volume 

of  the  two  flanges  as  equal  to  —  /  «„  that  is,  as  if  the  section  varied  parabolically  from  s,  in  the 

o 

middle  to  0  at  the  extremities,  and  tho  coefficient  U  may  serve  to  correct  nearly  the  divergence 
between  the  form  thus  conceived,  and  the  one  occurring  in  practice.  And,  as  the  least  thickness 
of  the  vertical  rib  in  the  middle  is  never  less  than  Om>006,  we  may  compute  its  moment  of  resist- 
ance for  this  thickness,  neglecting  the  surplus  if  the  plate  is  stouter ;  st  will  then  have  the 

O'OOl  A,  and  consequently,  total  weight  of  the  two  flanges 


123.  Accessories. — To  complete  the  weight  of  the  girder,  there  yet  remain  to  be  computed  the 
accessories  of  the  vertical  portion,  namely,  1,  the  excess  of  material  occasioned  by  the  fact  that 
the  thickness  varies  by  redans  or  gradations  and  not  in  a  continuous  manner,  and  also  by  the 
fact  that  it  cannot  descend  in  any  part  below  a  certain  minimum,  Om>006  for  instance;   2,  the 
joint-plates  of  the  rib  ;  and  3,  the  pieces  intended  to  give  it  rigidity. 

In  girders  heavily  loaded,  we  may  suppose  that  the  redans  and  the  surplus  thickness,  indis-. 
pcnsable  in  the  middle,  are  equivalent  to  an  extra  continuous  thickness  of  about  Otn'0027  applied 
to  the  whole  vertical  rib. 

124.  As  to  the  joints,  they  may  be  placed  widely  apart  when  the  height  of  the  girder  does  not 
exceed  the  breadth  of  the  iron  plates,  au4  this  is  one  of  the  causes  which  make  the  solid  rib 
economical  for  small  girders.    But  when  the  height  becomes  considerable,  a  case  which  we  are 
now  discussing,  we  must  not  reckon  upon  distances  greater  than  Om>90  between  the  successive 
joints.    In  order  that  the  rivets  may  offer  a  double  shearing  section,  for  the  purpose  of  reducing 
the  breadth  of  the  joint-plates,  the  latter  are  composed  of  double  plates  placed  on  each  side  of  the 
vertical  rib ;  these  plates  will  nearly  always  be  of  Om*006,  for  a  less  thickness  is  seldom  employed 
in  the  construction  of  bridges,  and  on  the  other  hand  that  of  Om*006  is  sufficient  when  the  rib 
consists  of  stout  plate  of  Om-012.    The  breadth  of  the  joint-plates  may,  at  least  over  a  certain 
portion  of  the  girder,  be  limited  to  Om  •  160,  placing  only  one  row  of  rivets  upon  each  side  of  the 
joint.    But  if  the  stress  reaches  a  high  value  near  the  supports,  it  may  be  necessaiy  to  place  a 
double  row  of  rivets,  and  to  increase  the  breadth  of  the  joint-plates  to  Om-300,  eo  that  there  may 

always  oe  on  each  side  of  the  joint  a  number  of  rivets  at  least  equal  to  -   —  ,  F  being  the  stress, 

_  li|  <r 

a  resistance  to  a  shearing  force,  and  a-  the  section  of  a  rivet.    If,  as  a  mean,  we  reckon 
"•200  for  the  breadth  of  the  joint-plates,  they  will  be  equivalent  to  an  extra  continuous  thick- 
ness  of  0"- 0027,  which,  added  to  that  of  the  preceding  section,  gives  Om'0054. 

This  amount  may  be  retained  for  girders  lightly  loaded ;  for  if  on  the  one  hand  the  breadth  of 
all  the  joint-plates  is  reduced  to  O^'IGO,  which  produces  an  extra  thickness  of  only  Om-0022  ;  on 
the  other  hand,  in  small  girders  especially,  calculation  will  assign  thicknesses  too  far  below  the 
limit. 

125.  The  pieces  added  to  give  rigidity  are  usually  vertical  and  are  applied  to  the  joint-plates; 
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they  thus  form  vertical  rods,  which  arc  made  use  of  in  fixing  the  cross-girders,  or  brackets.  Their 
section  is  not  determined  by  rigorous  laws,  it  is  necessary  only  that  their  projecting  ribs  should 
increase  with  the  height,  to  ensure  rigidity.  It  is  often  advantageous  to  increase  those  situate ' 
in  a  line  with  the  cross-girders  at  the  expense  of  the  intermediate  ones.  Let  us,  for  example, 
suppose  adopted,  for  heights  of  2  to  5  metres,  the  arrangements  shown  by  Figs.  1748  to  1751J 
•which  gives  the  horizontal  section  of  a  certain  length  of  vertical  rib. 
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With  these  forms,  the  angle-irons  and  transverse  plates,  not  including  the  joint-plates,  will 
weigh  12  A  kilogrammes  a  square  metre  of  vertical  rib,  and  this  is  equivalent  to  a  reduced  thick- 
ness equal  to  0' 00154  A.  We  will  put  it  at  0'002A,  to  be  able  to  increase  the  rigidity  of  tho 
vertical  rib  again  towards  the  ends.  This  value  is  considered  as  applicable  to  strong  as  well 
as  to  weak  girders ;  it  will  constitute  for  these  latter  an  addition  of  strength  relatively  greater, 
as,  indeed,  should  be  the  case,  for  it  is  the  weak  vertical  ribs  which  are  most  liable  to  twist.  We 
may,  within  certain  limits,  modify  the  distance  of  the  vertical  stiffening  pieces  apart  by  modifying 
inversely  their  section.  Sometimes  we  shall  do  well  to  fix  the  transverse  plates  by  means  of  a 
single  angle-iron,  and  to  rivet  to  the  exterior  edge  a  second  angle-iron.  The  intermediate 
stiffening  pieces  will  have  a  U  form  instead  of  a  "]",  and  the  border  angle-iron  will  give  a 
gratuitous  increase  of  rigidity. 

126.  Formula  and  Table  of  Weights  for  Solid  Girders. — Adding  the  weight  of  the  theoretical 
vertical  rib  (119)  and  that  of  the  flanges  (122),  reduced  to  the  lineal  metre  of  girder,  as  well  as 
the  accessories  equivalent  to  extra  thicknesses  of  Om'0054  (124)  and  of  0-002  A  (125),  we  obtain 
the  following  formula  as  the  expression  of  the  weight  of  the  girder  a  lineal  metre : 

T  =  £  (P  +  /)  H  /H.'  +  |  (6  +  ?)}  +  A  (42-12  -  8000  t  U  +  15-6  A), 
to  \  n         o  ) 

As  q  has  but  a  small  influence,  we  may  substitute  for  it  the  value  O'CO  from  which  it  will 
generally  not  differ  much,  and  we  shall  then  have 

-  =  CP  +  P1)  I {  0-0002167  U  -jr  +  0-0005363  \  +  h  (42- 12  -  10'4  U  +  15-6  A). 

Substituting  for  the  coefficient  U  in  this  expression  the  value  assigned  to  it  in  64  and  seeking  the 
condition  of  the  minimum  of  expense,  we  find  that  the  most  advantageous  height  A,  must  satisfy 
the  equation :  0  -23  (p  +  p")  I2  =  (31510  +  31200  A)  A*. 

127.  The  loads  p  +p'  do  not  vary  much  with  the  span,  because  the  moving  load  p'  decreases, 
while  the  dead  weight  of  the  girder  increases.    For  spans  of  20  and  55  metres,  we  may  adopt  the 
following  loads,  according  as  the  girder  is  to  carry  one  or  two  rails : — 


I  Exterior  dead  weight 
20  metres  span  ..   |  Weight  of  the  girder    ..      .. 
|  Moving  load  p'       

Total  load  p  +  p'  ..      .. 

(  Exterior  dead  weight 
55  metres  span  ..   <  Weight  of  the  girder     .. 
(  Moving  load   

Total  load       

Girders  carrying 

One  RAIL 

Two  Rail*. 

kilos. 
700 
400 
2500- 

kilo* 
1400 
600 
5000 

8600 

7000 

700 
1300 
2000 

1400 
2000 
4000 

4000 

7400 

BRIDGE. 


Thus,  for  girders  the  least  loaded,  the  ratio  of  the  most  advantageous  height  to  the  span  would 
Yary  from  0'01»5  in  small  spans,  to  0-076  in  long  ones;  and  for  heavy  girders  from  (M'2  to  0'095. 
We  may  alter  these  heights  a  little  without  the  weight  changing  sensibly,  and  it  will  often  be 
advantageous  to  induce  them,  either  to  lessen  the  vertical  cross-bracing  nnd  cross-ties  if  the  bridge 
is  loaded  on  the  upper  side,  or  to  increase  the  stability  if  the  girders  are  loaded  on  the  lower  side, 
or  again,  to  satisfy  conditions  of  limited  thickness.  In  the  following  Tables  we  give  heights 

reduced  by  about  — • 

•p       z 

128.  It  remains  to  compute  U,  which,  according  to  66,  may  be  expressed  by  1  •  06 + 4  •  80          ''      » 


or  1-06+ — 


I    I"  K 


by  replacing  -5  by  the  value  obtained  from  the  equation  which  ends 


h  (31510  +  81200  A)"'  '  °  I* 

section  126.    From  this  U  may  be  regarded  as  independent  of  the  load;  it  diminishes  when  A 

increases,  but  only  by  the  factor  between  parentheses,  for  -*  will  be  nearly  constant,  since  it  is 

necessary  to  adopt  a  minimum  section  of  flange  s0  greater  in  proportion  to  the  dimension  of  the 
girder. 

For  example,  if  the  girder  is  lm  •  80  high  (bridge  of  20  metres),  we  may  make  s0  of  one  plate  of 
3/508  millimetres  and  of  two  angle-irons  of  80/80/10;  for  a  girder  of  4  metres  high  (/  =  55),  we 
may  take  a  plate  of  550/8  with  four  angle-irons  of  100/100/12,  two  of  which  are  placed  next  the 

Tertical  rib  and  two  at  the  edges  of  the  flange.     In  both  cases  this  would  give  —     - — -  =  about 

ft 

22000,  and  consequently  U  =  1  '31  for  A  =  1-80,  and  1  -20  for  A  =  4.    We  shall,  therefore,  vary 
this  coefficient  from  1  •  30  to  1  •  20,  according  as  the  span  varies  from  20  to  55  metres. 

rj:».  The  several  hypotheses  made  in  the  preceding  sections  lead  to  the  following  Table  for  the 
weight  of  the  lineal  metre  of  solid  girders,  the  heights  adopted  being  a  little  under  those  which 
would  correspond  rigorously  with  the  minimum  expense. 


Span      

Metres. 
20 

Metres. 
25 

Mfetres. 
30 

Metres. 
35 

Metres. 
40 

Metres. 
45 

Metres. 
50 

Metres. 
55 

Girders  carry  ing  one  rail]  Height  .. 
(p  +  p'  =  3600  to  4000  1 
kilogrammes,    accord-  | 
ing  to  the  span)       .  .  J  Weight  a  metre 

1-70 

Kilos. 
370 

2-00 

Kilos. 
485 

2-30 

Kilos. 
610 

2-60 

Kilos. 
735 

2-90 

Kilos. 
870 

3-20 

Kilos. 
1000 

3-50 

Kilos. 
1140 

3-80 

Kilos. 
1285 

G  irdera  carrying  one  line  1  Height    .  . 
of  rails  (j>  +  p'  =  7000} 
to  7400)      )  Weight  a  metre 

Metres. 
2-25 
Kilos. 
570 

Metres. 
2-60 
Kilos. 
750 

Metres. 

2-95 

Kilos. 
940 

Metres. 

3-30 

Kilos. 
1125 

Metres. 
3-65 
Kilos. 
1320 

Metres. 
4-00 
Kilos. 
1525 

Metres. 

4-35 

Kilos. 

1730 

Mt'trr*. 

4-70 

Kilos. 
1940 

We  may  compute  by  interpolation  the  weight  of  girders  supporting  intermediate  loads.  If,  for 
example,  for  a  bridge  of  55  metres  span  we  had  p  +  p'  =  6400  kilogrammes,  we  should  find  that  by 
adopting  a  height  of  4m'45  the  weight  of  the  lineal  metre  would  be  about  1750  kilogrammes. 
This  weight  would  be  substituted  for  that  of  1940  kilogrammes  for  a  girder  carrying  one  line  of 
rails ;  if,  instead  of  a  load  of  4000  kilogrammes,  which  supposes  both  lines  loaded  simultaneously, 
we  considered  a  load  of  only  about  3000  kilogrammes  for  the  ordinary  case  of  the  passage  of  one 
train,  the  strain  a  square  millimetre  would  then  exceed  6  kilogrammes  in  the  exceptional  case  of 
two  heavily-laden  trains  crossing  at  the  same  time. 

130.  Other  Formula. — In  the  foregoing  discussions  we  have  distinctly  stated  that  the  thickness 
of  the  vertical  rib  should  not  descend  below  a  certain  minimum,  which  may  be  fixed  at  Om>006, 
but  this  condition  has  not  been  positively  expressed  in  the  formula ;  we  have  contented  ourselves 
with  providing  for  it  by  the  aid  of  an  approximative  extra  thickness.  This  condition  is,  however, 
easily  expressed,  as  we  shall  see ;  but  to  do  this  we  must  distinguish  two  cases,  that  in  which  this 
minimum  thickness  of  Om>006  is  sufficient  throughout  the  length  of  the  girder,  and  the  contrary 
case.  The  vertical  rib  being  calculated  for  a  strain  of  4  kilogrammes  a  square  millimetre,  the 
two  case  in  question  are  equivalent  to  those  in  which  the  quantity  (  v  4-  »')  /  is  less  or  greater  than 
48000  A. 

First  COM:  (p  +  p')  I  <  48000  A.— The  vertical  rib  has  a  constant  thickness  of  Om '006,  and  it 
requires  joint-plates  with  a  single  row  of  rivets  on  each  side  of  tlie  joint.  We  shall  then  have, 
remarking  that  the  joint-plates  are  equivalent  to  an  extra  thickness  of  0'°-0022, 

f  =  (P  +  P')  -|-p  +  A  (64  +  15-6  A  -  8000  fU). 

This  formula  may  be  applied  to  girders  carrying  only  one  rail,  provided  the  height  oe  not  too 
small.  On  the  contrary,  the  formula  of  section  126  supposed  tacitly  tliat  the  height  was  not  great, 

p 
in  order  that  the  vertical  rib  should  not  become  too  weak.    With  the  new  expression  of  —  the  most 
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economical  height  will  be  a  little  less  than  hitherto  :  thus  for  the  bridge  of  20  metres  loaded  with 
3600  kilogrammes  a  metre,  it  will  be  only  I""  75  instead  of  1'90  ;  and  for  the  bridge  of  55  metres 
loaded  with  4000  kilogrammes,  it  will  be  3  '95  instead  of  4*20.  But  retaining  the  same  heights, 
loads,  and  values  of  U  introduced  into  the  Table  in  129,  the  present  formula  gives  the  following 
weights,  which  hardly  differ  from  the  preceding.  This  Table  ends  with  35  metres  span,  because 
beyond  this  the  condition  of  the  present  case  would  not  be  fulfilled. 


Metre*. 
20 

Metres. 
25 

Metres. 
30 

Metres. 
35 

"Weight  a  metre  of  girder  carrying  only  one  rail  (p  +  p'  =  3600  kilo-) 
grammes  for  20  metres  span,  to  3770  kilogrammes  for  35  metres)  .  .  / 

Kilos. 
370 

Kilos. 
480 

Kilos. 
600 

Kilos. 
725 

131.  Second  Case:  (p  +  p')/>  48000 h. — This  will  always  be  the  case  with  girders  carrying 
one  line  of  rails,  it  will  also  be  the  case  with  girders  carrying  only  one  rail,  if  their  height  is  below 
a  certain  value. 

Fig.  1752  represents  the  plane  of        ;  1752. 

the  theoretical  vertical  rib,  through-      > 
out  half  the  bearing,  the  thicknesses 

being  exaggerated.    If  the  plate  had     w f£— 

everywhere  only  Om  •  006,  its  volume  for  •»-  ' 
the  whole  bearing  would  be  0  •  006  /  A ; 
but  we  must  add  to  it  the  triangular 
prisms  one  of  which  is  shown  in  the 
figure.  These  prisms  should  have 
rigorously  a  curvilineal  face,  but  we 
may  neglect  the  influence  of  q,  for  it 
is  perceptible  only  in  the  middle,  upon 
the  locus  of  the  stress.  The  maximum 


j  !oloo« 


_  l  ._  [(p+po  i-woooiT]    .  _________   840 

•  *&+&  p- 


84000  ft 


J 


stress  requires  at  the  ends   a  thickness 


e,  =     n^,      or 
z  rij  n 


supposing  R,  =  4000000. 


.      n 
oOOUOUO  A 

• 


Consequently,  the  volume  of  the  two  additional  prisms  will  be  -  —  • 

IbOOOUOu  (  p  -p  p  ) 

But  as  the  thickness,  instead  of  varying  uniformly,  decreases  by  redans  or  gradations  of  0™  •  002, 
we  must  add  a  mean  thickness  of  Om  •  001  to  the  part  over  which  the  prisms  extend  ;  it  may  be  increased 
to  Om-0012  even,  to  take  into  account  various  circumstances,  especially  that  of  having  neglected  j, 

and  it  will  give  a  new  supplementary  volume  equal  to  —    —  —  [(/>  +  p")  I  —  48000  A]. 

We  shall  have  besides  :  — 

Joint-plates  and  stiffening  rods  in  the  part)  _  48000  h2 

where  the  vertical  rib  is  only  Om  •  006    J  ~   p  +  p'     4l         ' 
Joint-plates  and  stiffening  rods  in  the  part)      (p  +P 

where  the  vertical  rib  is  strengthened  /  p  +  p' 


—  48000  A 


^  „  ^ 


132.  Collecting  the  various  elements  of  the  vertical  portion,  as  they  have  been  computed,  adding 
to  them  the  flanges  according  to  section  122,  then  transforming  the  volumes  into  weight,  and 
dividing  by  the  bearing,  we  shall  have 
/      *TT 

;rr  Kl»  +  JO  P  -  0-008  R  A«]  (flanges), 
b  A 


+  46  •  8  h  + 


[(  p  +  j/)  I  -  48000  A]*  (vertical  rib  according  to  Fig.  1752). 


T-  l(P  +  PO '  —  4800°  *]  (redans  in  the  strengthened  portions  of  vertical  ribX 


.  A)  A  (jointf  ates^and  so  on,  of 
the  vertical  rib). 


Making  R  =  6000000;  t  =  O'OOIS; 

Weight  of  the  joint-plates  a  square  metre  of  vertical)   .  _  Qm-0035  x  7800k  =  27k>3« 

rib  in  the  extreme  strengthened  portions  . .  •  •) 
Weight  of  the  vertical  rods  a  square  metre  in  the)  ^  ^  _  Qoi.0024  x  7800 A  =  18 '72 A- 

extreme  strengthened  portions  ..  .*.  ..  ••/ 
Weight  of  the  joint-plates  a  square  metre  in  the  in-)  *  _  o<n.0022  x  7800k  =  17* -16, 

termediate  portion / 

Weight  of  the  vertical  rods  a  square  metre  in  the)  p  A  _  0m.00iG  x  7800 A  =  12-5A; 

intermediate  portion        / 

the  formula  will  become 

+  0-0004875)  +  A  (36'66  -  10'4U  +  18'72A) 

(298560  A -187200). 
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133.  The  roost  economical  height  will  here  be  given  by  the  following  equation  of  the  fourth 
degree  (U  boin-,'  replaced  by  the  expression  in  64): 

0-00012U-J7  (/>  +  ;>')'  /s  =  25-64  (p  +  p')  Ih*  +  37'44  [(;>  +/>')/  +  10000]7«3  -  895680  A<, 
which  ought  to  give  values  a  little  greater  than  hitherto,  since  we  have  expressed  the  fact  that, 
in  projxirtinn  «*  'I'*'  height  increases,  the  lengths  of  the  portions  of  vertical  rib  which  need  to  be 
htn-ngthened  arc  mlucvd.  And,  in  fact,  for  /  =  20  metres,  and  p  +  p'  =  7000  kilogrammes,  we 
obtain  2  "  •  70.  instead  of  2ra'45,  found  by  the  first  formula ;  and  for  /  =  55,  and  p  +  p'  =  7400,  we 
find  5-45,  instead  of  5 -20. 

By  increasing  the  heights,  therefore,  a  little,  wo  shall  form  by  means  of  the  last  formula  the 
following  Table,  in  which  p  +  p'  varies  from  7000  to  7400,  and  U  from  1  '30  to  1-20,  in  proportion 
as  the  bearing  increases  from  20  to  55  metres.  These  loads  refer  to  girders  carrying  two  rails, 
a  teet  which  in  general  is  realized  in  a  complete  manner  only  when  both  lines  are  simultaneously 
loaded. 


Mi-trcs. 

Mrtros. 

Metre*. 

Metres. 

Metres. 

Metres. 

Metres. 

Metres. 

20 

25 

30 

35 

40 

45 

50 

55 

Height  ..  .  »^»  i  ••      ••  :  ••      •• 

2-50 

2-85 

3-20 

3-55 

3-90 

4-25 

4-60 

5-00 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Kilos 

Weight  of  the  metre  of  girder  .  . 

535 

710 

890 

1070 

1265 

1460 

1670 

1870 

H 


\ 

X 

\ 
\ 

N 

\ 

\/ 

/' 

\ 

These  weights  are  a  little  less  than  those  obtained  by  the  first  method. 

134.  Example  of  Solid  Girder,  Figs.  1753  to  1757 :  I  =  35  metres,  p  +  p'  =  7000  kilogrammes. — 
According  to  a  direct  calculation,  this  girder  weighs  only  1030  kilogrammes  a  lineal  metre.     The 
arrangements  shown  in  the  plan  for  the  joint-plates  of  the  flanges  allows  us  to  reduce  the  co- 
efficient U  to  the  value  1  -20. 

135.  Girders  with  Inclined  Stays. — When  vertical  stays  or  rods  are  not  deemed  necessary  for  the 
purpose  of  affixing  cross-girders  or  brackets,  they  may  be  replaced  by  oblique  pieces  crossing  the 
flat  joint-plates,  which  would  remain  vertical  and  would  be  interrupted  in  the  line  of  these  pieces. 
The  latter  would  bo  inclined  to  45°,  nearly  normally  to  the  wrinkles  which  would  be  produced  if 
the  plate  were  not  stiffened.    This  arrangement  is  alluring ,  however,  the  economical  advantage 
of  it  appears  doubtful,  because  for  the  same  normal  distance  between  the  consecutive  pieces  the 
diminution  of  their  number  would  be  compensated  by  the  increase  in  their  length ;  or  rather  the 
distance  between  the  oblique  bars  may  be  greater,  but  their  section  should  be  increased  to  an 
equal  degree,  for  these  pieces,  concentrating  upon  themselves  by  the  effect  of  their  rigidity  the 
strains  of  compression,  may  be  considered  as  the  struts  of  a  lattice  which  would  be  completed  by 
the  tension  of  the  plate  in  the  direction  of  one  of  the  diagonals  of  each  panel.    Now  for  one  direc- 
tion given  to  these  diagonal  tensions  of  the  plate,  we  may  ,  ^co 

replace  two  vertical  stays  AB,  CD,  Fig.  1758,  by  a  single 

stay  A  D,  which  would  be  equivalent  to  them,  for  with  the 

inclination  of  45°,  for  example,  it  would  have  its  strain  and 

its  length  multiplied  by  v  2.    Thus  between  the  imaginary 

lattice  A  B  C  D  E  F  G,  and  the  lattice  A  D  E  H,  there  would 

be  this  essential  difference  only,  namely,  that  in  the  second, 

the  plate  will  be  relieved  of  the  diagonal  tensions  B  C,  F  G, 

in  the  rectangular  panels  occupied  by  the  oblique  bars.    But  there  is  small  advantage  in  this,  since 

this  plate  must  resist  equal  strains  in  other  panels,  and  besides,  these  stays  were  not  intended  to 

reduce  these  strains. 

The  adoption  of  oblique  pieces  will  in  no  degree  change  the  form  of  the  formulae  of  weight 
given,  119  to  135.  It  would  be  sufficient  to  introduce  other  values  for  the  weight  of  the  stays 
a  square  metre  of  vertical  rib,  if  it  were  thought  a  reduction  might  be  made. 

136.  Formulas  applicable  to  Bow  Bridges. — Bow-girders  are  metallic  frames  consisting  of  two 
curved  flanges  more  or  less  distant  from  each  other  in  the  middle,  and  approaching  each  other 
towards  the  extremities  where  they  are  bound  together  by  strong  wrought-iron  plates.     If  we 
consider  any  vertical  section,  the  action  of  the  flanges,  having  an  inclined  direction,  will  produce 
a  vertical  force  capable  of  resisting,  in  part  at  least,  the  stress  upon  the  bridge.     The  lattice  con- 
necting the  flanges  at  certain  intervals  may  thus  be  greatly  relieved. 

[f  the  lattice  is  a  simple  one,  the  bars,  or  at  least  some  of  them,  must  necessarily  possess 
sufficient  rigidity  to  resist  compression.    This  is  doubtless  a  great  disadvantage,  for  the  theore- 
tical strains  being  small  we  shall  obtain  the  rigidity  only  at  the  cost  of  a  great  increase  of  section. 
This  increase,  however,  is  confined  within  rather  narrow  limits,  even  if  we  do  not  bring  into  play 
the  rigidity  of  the  bow  itself    since  the  coefficient  of  stiffness,  if  it  has  a  high  value,  is  applied  to 
only  a  small  fraction  of  the  total  weight.    We  may,  therefore,  not  hesitate  to  adopt  for  this 
coefficient  a  value  of  2-50,  for  instance,  which  raises  to  60  the  ratio  of  the  length  to  the  reduced 
nckness  (68).    But,  by  doubling  the  diagonals  of  the  lattice,  we  may  in  certain  cases  entirely 
suppress  the  compressions  in  the  vertical  portion,  or  at  least  render  them  unworthy  of  consider- 
ation, as  we  shall  see  in  144  and  157.    As  an  expenditure  of  material,  this  will  amount  to  nearly 
)ling  the  theoretical  weight  of  simple  diagonals  not  possessing  rigidity;  for  we  arrive  at  this 
elimination  of  the  compressions  only  by  supposing,  in  any  cross,  that  one  of  the  diagonals  of  which 
t  is  composed  remains  inactive  at  a  given  moment.     The  compression  is  always  thrown  upon  the 
vertical  rods,  where  it  is  destroyed  or  very  much  reduced  by  a  permanent  tension  due  to  the  dead 
weight  of  the  flooring. 

These  considerations  allow  us  to  study  bow  bridges  as  simple  articulate  systems,  which  will 
Jeaq  us  to  formulae  for  the  computation  of  their  weight  more  precise  and  simple  than  the  method 
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of  introducing  the  rigidity  of  the  bows  themselves,  and,  consequently,  the  form  of  their  section, 
could  do.  Whea  a  scheme  is  devisod  in  which  this  rigidity  plays  an  important  part,  it  is  because 
something  is  to  be  gained  by  it,  and  then  our  computations  will  still  be  useful  if  wo  consider  them 
as  fonvd  a  ltttl.>. 

It  is  generally  more  convenient  to  make  only  the  upper  flange  or  bow  arched,  the  lower  flange 
or  striiiir'iT  1>.  in-  strui^ht  and  provided  with  points  for  fixing  the  cross-girders.  We  shall  designate 
more  specially  this  particular  form  by  the  name  of  arched  girder. 

137.  Parabolical  Arched  Qirder,  divided  into  an  odd  number  of  intervals,  Fig.  1759. — Let  1= (2  m+ 1)  8 
be  the  bearing  and  A  tho  height  in  the  middle.  Tho  bars,  whether  vertical  or  oblique,  are  nuin- 

1759. 


1  =  J  (2  m  +  1)  5 


bcred  from  the  middle.   The  bow  is  a  polygon,  having  its  summits  upon  a  parabola  with  a  vertical 
axis,  and  the  sides  of  which  have  a  constant  horizontal  projection  equal  to  5. 

The  nth  vertical  rod  has  a  length  expressed  by  A  1 1 \ ,  and  the  value  of  the  sum 

L        m  (m  4-  1)J 

of  the  lengths  of  the  2  m  rods  is  — -  '2  m  +  1)  or  —  — .    The  length  of  the  nth  section  E  F  of  the 

o  o    5 


curved  flange  is 


Vm*  (m  +  I)2  5*  +  4  (»  —  I)2  A*,  and  makes  with  the  vertical  an  angle 


,  2  h  (n  —  1) 

7  given  by  cotan.  7  =  -  -  -  -  . 

m(m+l)5 
The  length  of  the  nth  diagonal  shown  by  the  full  line  is 


(m  +  1)*  5*  +  [m  (m  +  1)  -  n  (n  -  1)]'  A«, 


and  makes  with  the  horizon  an  angle  a  the  sine  of  which  is 
Sin.«= 


1  (m  +  1)*  5*  +  [m  (m  +  1)  -  n  (»  -  1)]*  A» 
The  length  of  the  nth  diagonal  shown  by  the  dotted  line  is 


and  tho  sine  of  the  angle  of  inclination  is 


Sin.«'= 


m  (m  +  1)  -  (n  -  1)  (n  -  2) 


V  w*  (m  +  1)*  5*  +  [m  (m  +  1)  -  (n  -  1)  (n  -  2)]2  A2 

138.  1.  —  Let  us  first  suppose  a  simple  lattice  formed  by  the  vertical  rods  and  the  diagonals 
shown  by  the  full  lines. 

If  the  framing  is  subjected  only  to  a  permanent  load  uniformly  distributed  according  to  the 
horizontal,  in  such  a  manner  that  a  weight  equal  to  p  5  is  applied  to  the  foot  of  each  vertical  rod, 
this  weight  will  express  the  constant  tension  of  all  the  rods,  which  act  as  simple  suspension-rods 
to  transmit  the  load  to  the  several  summits  of  the  polygonal  arc.  Their  total  theoretical  weight  will  be 

f,  t  denoting  as  before  the  ratio  of  the  weight  of  the  cubic  metre  of  iron  to  the 


admitted  resistance  R. 

The  nth  section  of  the  bow  is  subject  to  the  following  strain  of  compression  : 


~-  Vm*  (m  +  iy  8*  +  4  (n  -  I)2  A*  ; 
whence  we  deduce  for  the  total  weight  of  the  bow  the  value  U  (2  m  +  l)p  5 1  [™  (m  *  X)  **  +  ^1  • 


The  lower  flange,  or  stringer,  Dears  a  constant  tension  equal  to  —  — ^  'P*  ,  which  gives  it  a 
total  weight  =  Um(m+- 

platos  and  other  accessories. 

It  is  useless  to  enlarge  upon  these  formulse,  well  known  in  the  theory  of  suspension  bridges. 


The  letter  U  8tm  denotinS  the  coefficient  for  joint- 
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With  the  present  mode  of  loading,  the  parabolic  form  given  to  the  bow  assimilates  it  to  a  funicular 
polygon,  that  is,  its  several  elements  have  precisely  the  directions  which  they  would  of  themselves 
assume  if  they  were  left  free  to  turn  about  their  summits.  It  is,  indeed,  easy  to  prove  that  the 
action  of  any  section  1ms  a  vertical  projection  equal  to  the  stress,  so  that  the  diagonal  is  inactive. 

139.  It  will  not  be  the  same  in  the  case  of  a  moving  load  which,  although  distributed  uniformly 
in  the  proportion  of  p'  5  a  vertical  rod,  may  exist  on  a  certain  portion  only  of  the  length. 

To  find  the  maximum  strains  upon  the  several  sections  of  the  flanges,  the  load  must  be  extended 
over  the  whole  bridge  ;  for  these  strains  depend  only  upon  the  moments  of  rupture  about  certain 
summits,  and  these  moments  increase  always  in  proportion  as  we  add  new  loads  upon  a  certain 
point  in  the  bearing.  The  strains  and  weight  of  the  flanges  will,  therefore,  be  obtained  by  the 
formulae  of  the  preceding  section  by  substituting  p  +  p'  for  p. 

But  the  strains  upon  the  bars  are  at  once  functions  of  the  moment  of  rupture  and  the  stress. 

Let  T  be  the  strain  upon  the  diagonal  E  D,  Fig.  1759,  M  the  moment  of  rupture  about  the 
point  D,  the  abscissa  of  which  is  (/n  —  n  +  2)  5,  and  F  the  stress  between  C  and  D.  The  strain 

M 

upon  the  section  E  I  of  the  bow  will  be  equal  to          .  -  ,  and,  consequently,  considering  the  por- 

tion of  the  girder  situate  to  the  left  of  the  line  G  H,  the  condition  of  equilibrium  relative  to  the 

vertical  forces  will  give,  supposing  T  to  be  a  tension,  T  =  -  ---  ^T    .  —  '•  — 

sin.  a       D  I  sin.  a 

This  expression  is  of  the  form  B  F  —  A  M,  A  and  B  being  given  quantities.  Therefore,  from 
section  7,  it  will  become  a  maximum  when  the  load  is  applied  to  the  point  D  and  to  all  those 
on  the  right.  Taking  this  maximum  value,  and  substituting  the  values  of  cotan.  7,  sin.  a  and  D  I 
(the  length  of  the  (n  -  l)th  vertical  rod),  we  find  that  the  diagonal  should  be  capable  of  resisting 
a  strain  of  tension, 


«  (m  +  1)*  8*  +  [m(m  +  1)  -  n(n  -  1)]'  A'. 


We  know  that  if  we  complete  the  load  by  adding  weights  p'  8  at  the  bottom  of  the  vertical 
rods  situate  to  the  left  of  G  H,  the  diagonal  will  be  relieved  of  its  strain.  Therefore,  this  comple- 
mentary load  placed  alone  in  its  turn  should  produce  a  compression  equal  to  the  preceding  tension. 
Thus,  applying  a  coefficient  of  stiffness  V,  the  weight  of  the  diagonal  in  question  will  be 

' 


To  find  the  total  weight  of  the  2  m  —  1  diagonal  bars,  we  must  scan  the  preceding  expression 
in  which  n  takes  the  successive  values  1,  2,  ...  m,  double  the  result,  and  then  subtract  what  the 
above  expression  becomes  for  n  =  1,  in  order  not  to  reckon  twice  the  middle  diagonal.  We  shall 
be  induced,  for  the  sake  of  symmetry,  to  divide  this  diagonal  into  two  pieces  to  form  a  central 
cross,  but  the  strain  will  be  distributed  between  the  two  bars  of  this  cross,  and  there  will  be  no 
increase  of  weight.  We  obtain  : 

Total  weight  of  the  (2  m  —  1)  diagonals  shown  by  the  full  lines, 


140.  Analogous  calculations  may  be  applied  to  the  nth  vertical  rod  CE.  Cutting  if  by  a 
section  G'  H',  supposing  it  to  be  subject  to  a  compression  T',  and  calling  M'  the  moment  of  rupture 
about  a  point  C,  the  abscissa  of  which  is  (m  —  n  +  1)  5,  we  shall  have  by  the  equation  of  equili- 

brium relative  to  the  projections  of  the  vertical  forces,  T'  =  F  --  "l^r1^  ;  ?'  is  the  **&*  of 

the  (r»  +  l)th  section  of  the  bow  with  the  vertical,  and  E  C  the  length  of  the  nth  rod. 

This  expression  is  also  of  the  form  B  F  -  A  M'.    Treating  it  by  the  rule  in  section  7,  we 

(m  —  n)  (m  +  n  —  1)    , 
obtain  for  the  maxima  compression  of  the  rod,  T  =       —  -  .  -*  —  p  o. 

Here  F  was  the  stress  taken  beyond  the  point  to  which  the  moment  M'  is  referred.  It  follows 
that  tliis  maximum  strain  T'  is  produced  when  the  load  is  applied  to  the  point  D,  and  to  those 
following  it  as  far  as  B.  This  compression  will  be  wholly  or  partly  neutralized  by  the  perma- 
nent tension  due  to  the  dead  weight. 

When  the  load  is  completed,  the  vertical  rod,  instead  of  being  subject  to  a  strain  of  comprr 
sion  T',  is,  on  the  contrary,  subject  to  a  strain  of  tension  p'  8.    Therefore  the  complementary  load 
placed  alone  in  its  turn  should  subject  the  rod  to  a  tension 


which  always  greatly  exceeds  the  maxima  compression,  especially  when  we  add  the  permanent 
tension  p  8,  due  to  the  dead  weight. 

It  may  happen  that  this  latter  tension  is  always  sufficient  to  destroy  the  compress:  ich 

the  load  may  produce.    We  may,  therefore,  from  this  point  of  view  dispense  with  a  ooeffl< 
stiffness,  and  calculate  the  rods  by  tension  only.     Adding  the  dead  to  the  moving  load,  ai 

deuoting  the  ratio     P    ,  by  q,  the  weight  of  the  nth  rod  will  be 

f?    -\-   J)          ' 

r         n(n_l)-|  r  (m  +  n  -  1)  (m  -  n}") 

^+^8fH1-4^+T)JL1+?-      2(2m+l)        J' 
an  expression  which  being  doubled,  then  summed  from  n  =  1  to  n  =  m  inclusive,  leads  to 
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Tc^  weight  of  the2OTvcrticalrod3  =  2(PY)8< 

141.  Adding  the  weight  of  the  flanges,  of  the  diagonals  and  of  the  vertical  rods,  substituting 

for  8  its  value  iu  /,  and  dividing  by  /,  we  obtain  for  the  mean  weight  of  the  lineal  metre  of  girder, 


{2  (U  +  1)  +  _?-—  [16  m>  (1  +  V)  -  m«  (16  -  9  V)  -  ro  (4  -  V)  +  4  (1  +  V)]}  +  n. 

The  term  n  includes  accessories  independent  of  A. 
(Substituting  N  for  2m  +  1,  we  may  write  also 

P       (  'N«'«    N*"1  /TT  .   -V    N-2\  1    .   Q>  +  j>')<  A 

7  =  (  « 


J2  (U  +  1)  +  ^  [8N»  (1  +  V)  -  5N»  (8  +  3V)  +  8N  (6  +  V)  +  15V]}  +  n. 


Such  is  the  formula  applicable,  N  being  odd,  to  a  bow-girder  with  simple  rigid  diagonals.  If 
the  height  is  great,  the  vertical  rods  may  with  advantage  possess  rigidity,  because  they  may  fur- 
nish resting  points  for  fixing  the  vertical  cross-bracing  which  is  needed  to  maintain  the  vertically 
of  the  girder.  In  such  cases  we  may  either  subject  them  to  a  coefficient  V,  or  retain  the  preceding 

formula,  by  adding  to  it  a  term  -  —  -  —  for  the  addition,  to  each  rod,  above  the  theoretical  section, 

o        / 

of  a  projecting  rib  weighing  0  h  a  lineal  metre. 

The  first  method  would  have  the  advantage  of  simplifying  the  formula  by  reducing  it  to 


^ 


142.  2.  —  If  the  diagonals  shown  by  the  full  lines  of  Fig.  1759  are  now  suppressed  and  replaced 
by  the  diagonals  shown  by  the  dotted  lines,  we  shall  have  another  system  of  simple  lattice,  which 
will  give  occasion  to  analogous  calculations.  The  value  of  the  strain  either  by  tension  or  by  com- 
pression upon  the  nth  diagonal  is 


and  consequently  we  have  : 

Total  weight  of  the  2  m  —  1  diagonals  shown  by  the  dotted  lines  = 


The  vertical  rods  are  subject  to  the  same  strains,  and  make  up  the  same  total  weight  as  with 
the  first  system  of  diagonals. 

143.  3.  —  Generally  a  single  system  of  diagonals  will  not  be  sufficient,  and  a  girder  of  complete 
crosses  will  be  adopted.  The  strains  are  then  indeterminate,  and  we  are  free  to  calculate  the 
pieces  from  one  or  the  other  of  the  two  following  points  of  view. 

We  may,  in  the  first  place,  consider  the  complex  system  as  resulting  from  the  superposition  of 
two  simple  lattices,  each  comprising  a  certain  portion  of  the  section  of  the  flanges  and  vertical  rods, 
plus  one  of  the  systems  of  diagonals,  to  the  exclusion  of  the  other.  It  is  natural  to  attribute  a  half 
of  the  load  to  each  of  these  two  constituent  parts  ;  and,  consequently,  the  diagonals  will  have  their 
strains  and  their  weights  given  by  the  same  formulae  as  if  they  were  simple,  by  changing  p'  into 

-  p'.    The  flanges  retain  the  same  weight  ;  as  to  the  vertical  rods,  the  present  hypothesis  divides 

| 

them  into  two  portions,  one  of  which  is  subject  to  a  strain  of  compression  and  the  other  to  a  strain 
of  tension,  under  the  action  of  a  determinate  load  extending  over  a  part  only  of  the  flooring.  For 
example,  if  the  load  be  applied  only  to  the  rod  under  consideration  and  to  all  those  to  the  right,  it 

will  produce  upon  this  rod  on  the  one  hand  a  tension          —  —  —  (m2  -f-  3  m  —  n*  +  n  +  2),  and 

4  {&  m  -p  1) 
r  35 
on  the  other  hand  a  compression          -  —  (m2  —  n2  —  3  m  —  n  —  2).     The  resultant  is  a  tension 

4  {£  171  ^p  \.j 

p'  8  ,  the  maximum  of  which  is  p'  8  for  n  =  m.    Now  this  maximum  is  required  of  all 


£»  \£t 

the  vertical  rods  wken  the  bridge  is  completely  loaded.     They  must,  therefore,  be  all  calculated  for 

a  tension  equal  to  (  p  +  //)  8,  without  taking  into  account  their  mode  of  participating  in  the 

resistance  of  the  two  component  simple  lattices. 

We  therefore  give  : 

Total  weight  of  the  2  m  vertical  rods  =  -  (2  m  +  1)  (p  +  //)  8  1  h. 

O 

The  total  weight  of  the  metre  of  girder  is  then 


4  m<  +  10  m3  +  10  m«  -  10  m  +  I 
~  - 
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or,  if  /  is  expressed  by  N  8  (N  being  odd), 


a  formula  to  which  we  shall  generaUy  have  to  add  (141)  a  term  J^  N  0  A»,  allowing  us  to  enlarge 

the  vertical  rods  by  means  of  projecting  ribs  or  gussets  for  the  purpose  of  maintaining  the  verti- 
cality  of  the  girder. 

144.  But  the  diagonals  being  very  long  and  subject  to  small  strains,  can  be  stiffened  only  by 
means  of  a  high  value  of  V.    Now,  considering  them  as  very  flexible  rods,  unable  to  resist  any 
compression,  they  will  of  themselves  elude  this  kind  of  strain  by  yielding,  and  the  lattice  will 
assume  another  mode  of  resistance,  in  virtue  of  which  the  strains  of  compression  will  always  be 
thrown  upon  the  vertical  rods.    Choosing  diagonals  which  at  any  instant  are  prepared  for  a  tensile 
strain,  the  whole  framing  will  offer  a  constant  resistance.    From  this  point  of  view,  the  two  systems 
of  diagonals  will  be  calculated  each  for  the  whole  load,  which  is  equivalent  to  making  V  =  2,  in  the 
formula  of  the  preceding  section.    It  is  true  that  in  this  case  the  vertical  rods  may  be  required  to 
resist  compression,  but  it  will  be  to  a  very  small  coefficient,  for  the  permanent  tension  p  8  neutralizes 
in  a  great  measure,  if  not  altogether,  the  strains  in  the  opposite  direction.    The  real  strain  of 

compression,  if  such  be  produced,  is  limited  to  —  —  -  -  -  (m-  n)  (m  +  n  —  1)  -  p  8,  whilst  under 

2  (2  m  -f-  1) 

a  complete  load  the  maximum  tension  reaches  (,p+p')S.     If,  therefore,  p  be  not  less  than 
—  p'  the  vertical  rods  can  never  be  subject  to  compression,  in  which  case  we  obtain  this 

2t  (A  in  "p  -I) 

remarkable  result,  that  all  the  lattice-bars  have  to  resist  tensile  strains  only,  which  obviates  the 
necessity  for  rigidity.  This  allows  us  to  adopt  great  heights  for  girders,  aiid  to  make  the  arched 
form  more  advantageous  than  the  straight.  These  favourable  conditions  still  exist  when  the 
maxima  compression  of  the  vertical  rods,  without  being  always  nul,  remains  at  least  within  certain 
limits  ;  and  if  there  is  occasion  for  applying  to  these  rods  a  coefficient  V,  as  we  are  about  to  do, 
it  is  much  less  on  account  of  the  possible  compression,  than  for  the  purpose  of  maintaining  the 
vertical  position  of  the  girder  by  means  of  suitable  arrangements  ;  such,  for  instance,  as  the  vertical 
cross-bracing  fixed  to  the  rods  in  Fig.  1762,  which  rods  must  furnish  sufficiently  firm  points.  By 
adding  this  coefficient  V  applied  to  the  vertical  rods  (but  no  longer  affecting  the  diagonal  bars), 

2  N  0  A2 
the  addition  of  a  term  -  —  -  —  as  in  the  preceding  case,  is  rendered  superfluous.    It  is  the  samo 

o        • 

addition  expressed  under  another  form. 

It  is  evident  that  there  will  be  an  advantage  in  bringing  the  pieces  of  the  vertical  portion  of  the 
girder  into  accordance  with  the  second  hypothesis  rather  than  with  the  first,  whenever  the  latter 
would  require  for  the  rigidity  of  the  diagonals  the  application  of  a  coefficient  V  greater  than  2. 
But  it  is  scarcely  necessary  to  remark  that,  although  freed  from  all  compression  according  to  the 
second  hypothesis,  the  diagonals  will  offer  greater  security  if  we  give  them  all  the  rigidity  which, 
with  a  convenient  form,  the  area  of  their  theoretical  section  admits,  for  we  shall  thus  render  thorn 
capable  of  resisting  at  pleasure  in  two  different  ways  ;  the  mode  of  effective  resistance  will  be  a 
kind  of  mean  which  will  limit  the  real  strains  to  a  figure  smaller  than  the  admitted  limits. 

145.  From  the  considerations  in  the  preceding  section,  the  weight  of  the  lineal  metre  of  arched 
girder  with  complete  crosses  may  be  represented  by 


|"(U  +  V)  (2  m  +  I)2  +  K  .  Z<1,   ..  (4m«  +  10  m3  +  10m»-  10m  -f  1)1}  +  n  ; 
L  o(m+  i)  Jl 

or,  if  i  is  expressed  by  N  8  (N  being  odd), 


146.  Parabolic  Sow-girder  divided  into  an  even  number  of  intcrvalt.  —  We  will  now  suppose  that  the 
bearing  /  is  expressed  by  2  m  8,  and  we  shall  consider  the  general  case  of  a  bow  both  flaugea  of 
which  are  curved,  as  in  Fig.  1760. 

The  total  height  in  the  middle  is  the  sum  of  the  versed  sines  A  and  A  of  tho  curve  above  and 
below  the  horizontal  A  B,  drawn  through  the  points  of  meeting  at  the  ends.  Tho  various  pieces 
are,  as  before,  numbered  from  the  middle. 

If  the  flooring  were  placed  according  to  the  tangent  to  the  lower  flange,  we  should  have  to 
lengthen  the  vertical  rods  to  this  tangent  and  to  add  a  horizontal  longitudinal  girder.  But  nothing 
prevents  us  from  placing  the  flooring  at  the  height  of  the  line  A  B,  and  saving,  if  not  tho  longi- 
tudinal girder,  at  least  the  lengthening  of  the  vortical  nxl.s;  unless  the  upjter  bow  be,  as  in  the 
bridge  at  Saltash,  formed  of  a  single  tubular  section  projecting  over  the  space  orrupi.-d  by  tho 
flooring,  an  arrangement  which  requires  the  extremities  A  and  B  to  be  kept  at  a  sufficient  height 
above  the  rails.  But  two  distinct  framings  well  tied  and  braced  together,  leaving,  of  course,  a  free 
passage  for  the  trains,  may  constitute  a  sufficiently  rigid  whole  ;  and  we  shall,  consequently,  .con 
sider  only  the  pieces  represented  in  the  figure,  except  the  casual  addition  of  a  longitudinal  beam 
tying  together  the  vertical  rods  at  the  height  of  the  flooring,  this  piece  being  regarded  aa  included 
in  the  term  fl  independent  of  tho  height. 


tilG 
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We  have  as  geometrical  data : 

Length  of  the  nth  vertical  rod  =  •= 

m 

(4m*  _ 
Sum  of  the  lengths  of  the  2  m  —  1  vertical  rods  =  (A  -f-  h'^ 


Length  of  the  nth  section  of  upper  flange  =  -5  *ro«  5*+  (2  n  -  1)*  A* ; 

Length  of  the  nth  diagonal  shown  by  a  full  line  =  -5  */m*  5s  +  [(m*  -  n2)  (A  +  A')  +  (2  n  - 1)  A']». 

This  diagonal  is  inclined  upon  the  horizon  at  an  angle  o  given  by 


c-        _ 
Din.  a  —  - 


(2  n  -  1)  h 

TO2  5 


V™4  S2  +  [(»*  -  n*)  (A  +  A1)  +  (2  n  -  1)  A? 

The  nth  section  of  upper  flange  manes  with  the  vertical  an  angle  y  such  that  cotan.  7  = 

We  shall  obtain  the  analogous  quantities,  relative  to  the  lower  flange  and  to  the  diagonals  shown 
by  the  dotted  lines,  by  simply  changing  A  into  A',  and  A'  into  A. 

147.  The  flanges  should  always  be  calculated  under  a  full  load,  whatever  the  diagonals  adopted 
may  be.  The  value  of  the  strain  upon  the  nth  section  of  the  upper  flange  is 


and  that  upon  the  nth  lower  section  is  found  by  the  same  formula  modified  by  interchanging  A  and  A', 
which  only  alters  the  second  term  under  the  radical.  If  we  cut  these  two  corresponding 
sections  according  to  the  radical,  their  action  will  furnish  a  vertical  resultant  projection  equal  to 

(p  +  P')  5 

-  0        (2  n  —  1),  which  is  exactly  in  equilibrio  with  the  stress  ;  thus,  when  the  load  is  com- 

u        .  • 

plete  throughout  the  length  of  the  bridge,  the  diagonals  do  not  resist. 
The  weight  of  the  nth  section  of  the  upper  flange  being  expressed  by 


we  conclude  that  the  total  weight  of  this  flange  will  be  (?  +  ?}**  fm3Si8+  f4m=-l)  — 1,  and 

A  +  A     L  3  m J 

adding  the  coefficient  U,  the  two  flanges  together  will  weigh 


148.  The  load  still  extending  over  the  whole  bearing,  the  strain  upon  the  vertical  rods  will 
be  found  by  remarking  that,  for  the  equilibrium  of  the  point  I,  the  rod  D I  must  destroy  the 
resultant  of  the  strains  from  the  two  sections  L I  and  E  I,  abutting  at  this  point,  the  diagonals  being 
inactive,  as  we  have  just  seen.  We  have : 

Tension  of  the  nth  rod  =  (/>  +  //)  8  — ,  a  constant  value  whatever  n  may  be.  • 

A  •}-  A 

In  the  case  in  which  the  maximum  strain  is  always  limited  to  this  vame,  the  total  weight  of 

4  W2 i 

the  2  TO  —  1  rods  will  be  independent  of  A',  and  will  have  as  its  expression  (p  +  p^  8 1 A  — — 

o  Tn 

This  supposes  that  the  load  is  applied  to  the  bottom  of  the  vertical  rods.  If,  on  the  contrary^ 
the  flooring  ia  on  a  level  with  the  line  A  B,  the  upper  portion  of  each  rod  will  have  the  saino 
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tensile  strain  as  before,  but  the  lower  portion  will  bear  a  compression  (/>  +  j/)  j  —  ^—    and  if  we 
give  different  sections  to  the  two  portions,  the  total  weight  will  bo  expressed  by 

<,+j0,,.*=£!.«£™ 

6  m  k  +  A 

V  being  a  coefficient  of  stiffness  applied  to  tho  compressed  portions,  and  which  may  be  extended 
to  the  upper  portions  for  the  purpose  of  adding  rigidity  to  the  bridge  considered  as  a  whole 

149  If  the  diagonals  shown  by  the  full  lines  alone  existed,  we  should  find  the  strain  T  upon 
the  nth  diagonal  ED,  Fig.  1760,  by  cutting  it  by  a  plane  G  H,  and  expressing  the  nullity  of  the 
sum  of  the  vertical  projections  of  the  forces  applied  to  the  portion  of  the  framing  comprised 
between  A  and  the  section  G  H. 

But  the  nth  section  of  the  upper  flange,  cut  by  the  line  GH,  is  subject  to  a  strain  of  com- 

pression =  ID  xsin     »  M  being  tho  moment  of  rupture  about  the  point  D.    The  section  C  D  la 

subject,  on  the  contrary,  to  a  tensile  strain  =  —  —  --  :  -  -   M'  being  the  moment  of  rupture  at  tho 

Hi  O  x  sin.  y 
point  E  or  C.    Consequently,  if  F  =  the  stress  in  the  interval  C  D,  we  shall  have 

T  sin  o  =  F  -  M  cotan-  y      M'  cotan.  y' 

ID  EC 

This  expression  being  of  the  form  F  —  A  M  —  A'  M',  will  be  a  maximum  when  the  load  goes 
from  D  (inclusive)  to  the  abutment  B,  according  to  the  observation  made  in  section  7.  Applying 
the  general  rule,  and  replacing  cotan.  7,  cotan.  y',  and  the  lengths  I  D,  E  C,  of  the  nth  and 
(n  +  l)th  vertical  rods  by  their  values,  we  arrive  at  the  maximum  tensile  strain  upon  the  diagonal, 

namely,  T  =  4ro^  +  A»m<  8'  +  l(m"  -  »')  (*  +  *')  +  (2  n  -  1)  hj.    The  weight  of  this  bar  is 


Summing  this  expression,  in  which  n  takes  the  successive  values  1,  2,  ...  m  —  1,  then  doubling 
that  the  result  may  include  the  whole  bearing,  we  obtain  as  the  total  weight  of  the  2  (m  —  1) 
diagonals  in  full  lines, 


+  (lG  m<+  15m3  -  120  m  +  119  -  ??)  h*  +  8  (4  m4  -  5  m*  +  1)  h  A'j 


In  a  simple  lattice,  we  must  multiply  this  weight  by  a  coefficient  of  stiffness  ;  for  the  bars  are 
subject,  under  a  partial  complementary  load,  to  compressions  as  great  as  the  tensions  T. 

A  load  extending  from  one  abutment  to  any  point  in  the  flooring,  causes  a  strain  of  compression 
•upon  all  the  diagonals  (full  lines)  in  the  half-bay  contiguous  to  this  abutment,  and  one  of  tension 
upon  all  those  of  the  opposite  half-bay. 

150.  Having  still  only  the  diagonals  shown  by  the  full  lines,  a  partial  load  upon  the  right  side 
will  cause  upon  the  nth  vertical  rod  a  strain  of  compression,  the  value  of  which  will  be  found  by 
considering  a  section  such  as  G'  H',  Fig.  1760,  and  writing  again  the  equation  of  the  vertical  pro- 
jections of  the  forces.  Into  this  equation'  will  enter  the  stress  after  the  point  D,  and  the  moment  of 
rupture  about  this  point,  a  moment  upon  which  depend  the  strains  upon  the  divisions  El,  D  8, 
crossed  by  the  section  GH.  We  shall  find  as  the  maximum  of  the  compression  sought,  due  to 

the  load  p',  ¥—•—'*'  n  ~    '  [fm  —  n)  (A  +  h")  +  2  A'],  a  formula  which  does  not  apply  to  the  middle 

4  m  (A  +  h  ) 
bar,  for  which  n  =  1. 

The  effective  compression  which  may  be  produced  will  be  only  the  difference  between  the  above 

value  and  that  of  the  permanent  tension  ~  —  r.  • 

n  -j-  n 

The  maxima  tension  will  exceed  the  compression  by  the  whole  value  —        .  ,  —  ;  for  the 

special  effect  of  a  partial  load  upon  the  left  side,  complementary  of  the  preceding,  should  be  to 
annul,  in  the  first  place,  the  compression  produced  by  the  load  on  the  right,  and  then  besides  this 
to  raise  the  tension  to  the  value  which  it  possesses  when  the  weights  p'  8  are  applied  to  all  the  ver- 
tical rods.  Thus  this  complementary  load,  acting  above,  will  produce,  adding  the  permanent 


strain,  a  tension  (p  +  p')S  [h  +  q  (m  +  "~2>  r(m  _  n)  (A  +  A')  +  2  A-]  }  ,  according  to  which  the 
A  -f-  n      \  ±m  ) 


A  -f-  n 

weight  of  the  vertical  rods  should  be  calculated,  if  the  diagonals  shown  by  the  full  lines  exist  alone, 
and  the  load  be  applied  to  the  bottom  of  the  rods. 

151.  But  if  the  load  be  placed  at  the  height  of  the  line  A  B,  passing  through  the  points  of 
junction  of  the  flanges,  the  lower  portion  of  the  vertical  rod  will  be  subject  to  less  tension  and  to 
greater  compression,  for  the  stress  will  not  be  the  same  when  the  line  G  H'  cuts  the  rod  above  or 
below  the  points  where  the  flooring  is  affixed.  When  the  weights  p'fi  are  applied  only  to  tho  r.tli 
vertical  rods  and  to  all  those  on  the  right,  the  lower  portion  of  this  nth  rod  will  be  subject  to  a  strain 

,  ,, 

of  compression  =  p  5 
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l.~±  Tin-  middli)  vertical  bnr  is  nn  exception  to  the  preceding  formulas,  because  a  secant  plane 
cannot  cr<>*s  it  without  cutting  a  tlingomil  also.  But  the  Btrain  ujKm  this  rod  is  determined  by  tho 
condition  ft"  U-ing  in  equilibria  with  tin-  resultant,  always  vertical,  of  the  compressions  borne  by 
tho  two  wvtioiid  of  tho  upper  flange.  When  the  bridge  is  completely  loaded,  the  rod  supports  a 

rnfttimiv  tension  of  '    ,  •  in  its  upper  portion;  and  below  the  point  where  it  receives  the 

A  +  A 

crow-girder,  it  is  at  the  samo  time  subject  to  a  strain  of  compression  of  — -         — ;  but  the 
compression  will  bo  greater  if  wo  unload  the  bridge  entirely,  with  the  exception  of  the  middle 

rod  under  consideration,  and  in  this  case  it  reaches  the  value  — ,       ,, l-p'S—         777-  or 

n  -J-  n  m  (A  +  A  ) 

(P  +  P')»A   r  +  (»»-  1)A  "I  _    Jf  OQ  tho  (.0,^,^  the  lomi  wero  over  tfle  wnolo  of  the  bridge, 
A  +  A        L  "» A        J 

except  upon  the  middle  rod,  the  lower  portion  of  this  rod  would  support  only  —  -- 

which  mny  bo  changed  into  tension  if  the  sign  becomes  negative. 

!.">:;.  If  now  we  exclude  the  diagonals  shown  by  the  full  lines  and  adopt  those  shown  by  the 
dotted  ones,  it  is  easy  to  see  that  we  shall  obtain  the  strains  and  the  weights  of  the  latter  by  the 
formula)  found  for  the  former  in  149,  by  merely  changing  A  into  A'  and  A'  into  A,  as  if  the  girder 
were  turned  upside  down. 

As  to  .the  vertical  rods,  the  nth  one  will  bear,  at  least  in  its  upper  portion,  a  maxima  tension 

pSh         .    (w+n)(m-n)(A  +  A')  +  2A 
=  f — n+/)  *  — —  ~~T, '•   an^  tf  the  l°a<*  ke  appi16"  to  a  certain  point 

A  +  A  4  r/»  (A  +  A  ) 

in  the  height  of  the  rod,  the  portion  below  this  point  may  be  compressed  by  a  force  equal  to 

.    MI  -  n  +  2    (m  +  »)  (A  +  A')  —  2  A       p  5  A' 

;.'  5  —  •  « — ! — — p* r-    -  — ,  which  will  be  produced  when  the  rod  in  question 

4  TO  A  +  A  A  +  A 

and  those  on  the  left  support  alone  weights  p' 8. 

It  is  easy  to  see  a  priori  that  this  last  strain  may  be  deduced  from  the  last  formula  of  150  by 
simply  changing  A  into  A'  and  A'  into  A.  The  maxima  compression  of  151  is  also  connected  with 
the  maxima  tension  of  the  present  section  by  virtue  of  the  same  symmetry.  Indeed,  if  we  turn  the 
bow  upside  down,  the  lower  portion  of  the  vertical  rod  will  become  the  upper,  the  system  of 
diagonals  will  have  changed,  A  and  A'  will  have  interchanged,  and  the  signs  of  all  the  forces  will 
also  have  changed.  The  middle  rod  is  subject  to  the  same  considerations. 

154.  The  preceding  formulas  enable  us  to  find  easily  the  net  cost  of  a  simple  lattice,  but  we 
shall  stop  to  consider  only  the  case  in  which  the  diagonals  are  doubled  and  form  complete  crosses. 

On  account  of  the  indetermiuateness  of  the  strains  in  a  multiple  lattice,  we  may  consider  tho 
resistance  in  either  manner  explained  in  143  and  144  (rigid  or  flexible  crosses).  But,  without 
omitting  to  give  to  the  diagonals  the  rigidity  which  their  theoretical  section  allows,  by  way  of  an 
additional  precaution  we  shall  follow  the  second  method  which  consists  in  throwing  the  strains  of 
compression  upon  the  vertical  rods.  They  will,  indeed,  need  to  be  stiffened  on  account  of  their 
theoretical  strains  being  more  considerable  than  those  of  the  diagonals,  and  the  necessity  which 
will  nearly  always  exist  of  giving  them  a  surplus  section  for  the  sake  of  the  general  effect  of  the 
flooring.  It  is  obvious  that  if  we  suppose  the  flooring  placed  towards  the  middle  of  the  vertical 
rods,  the  latter  must  possess  rigidity ;  thus  they  will  be  able  to  resist  compression,  whether  they 
be  required  to  do  so  throughout  their  length  or  "not.  The  diagonals,  on  the  contrary,  will  require 
a  coefficient  of  stiffness  greater  than  2 ;  it  is  not  too  much,  therefore,  to  double  them,  reckoning  at 
each  instant  only  upon  those  which  resist  by  tension  ;  and  as  additional  security,  those  subject  to 
compression  will  not  remain  quite  useless,  for  they  may  be  stiffened. 

155.  Before  establishing  formula)  of  the  total  weight,  we  must  point  out  exactly  the  strains 
•which  the  vertical  rods  have  to  resist. 

We  must  remark,  in  the  first  place,  that  under  the  action  of  a  partial  load  moving  from  one  of 
the  abutments  to  a  given  point,  the  diagonals  subjected  to  a  tensile  strain,  which  alone  are  con- 
sidered as  acting,  will  all  be  inclined  in  the  same  direction,  from  one  end  of  the  framing  to  the 
other ,  they  will  be  those  the  feet  of  which  are  inclined  towards  the  abutment  affected  by  the 
partial  load.  It  follows  from  this  that,  under  such  a  mode  of  loading,  any  vertical  rod  may  be  cut 
by  a  plane  which  does  not  cross  any  active  diagonals,  and  its  strain  will  be  determined  as  if  the 
lattice  were  a  simple  one.  The  middle  bar  itself  will  come  into  the  general  formulae,  for  there  will 
no  longer  be  in  this  point  the  forced  inversion  of  resisting  diagonals  which  was  produced  in  the 
simple  lattices  with  the  forms  adopted. 

The  upper  portion  of  the  rods  will  be  calculated  generally  for  a  constant  strain  (p  +p")  r— ; ,  which 
is  no  other  than  the  tension  produced  under  a  complete  load.  A  partial  load  might  produce  a  com- 
pression equal  to  P— -  '  *  "  ~  2)  [0»  —  n)(A  +  A')  +  2  A']  -  /^4,  (see  150);  but  in  order  that 

Tt  m  (/i  +  A  )  A  +  A 

this  strain  may  exceed  the  preceding,  A'  must  become  great  and  A  small.    For  A  =  A',  the  first 

formula,  is  sufficient  so  long  as  m  does  not  exceed  the  limit  ^3  +  4  P-  +  V/8  +  4  ^  J+  1  j ;  for 

example,  for  q  =  0-60  or  -,  =  -  ?  m  may  reach  the  value  5.     For  A'  nul,  it  is  sufficient  if  m  be  less 
P       o 

than  6  +  8  — , ,  which  is  always  the  case,  and  even  then  it  may  happen  that  no  compression  is 
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manifested,  if,the  permanent  tension  always  predominates  over  the  compressions  which  the  loud 
may  produce.  Usually  m  is  less  than  5  ;  if  it  exceeded  this  slightly,  a  few  of  the  rods  would  be 
subject  to  a  strain  of  compression  a  little  greater  than  the  tensile  strain,  but  this  small  difference 
might  be  neglected  on  account  of  the  surplus  section  which  will  be  given  in  every  case.  We  shall 
affect  the  weight  of  the  vertical  rod  with  a  coefficient  V,  designed  to  give  the  rigidity  necessary  to 
resist  compression  and  to  add  to  the  transverse  stability  of  the  structure. 

If  now  we  pass  on  to  the  lower  portion  of  the  rods,  situate  below  the  point  where  the  load  is 

applied  to  them,  the  strain  of  compression  would  be  — -  —  -, —  considering  only  the  complete 
load.    But  under  a  partial  load,  this  strain  will  reach  the  greater  value  (153) 
p  5  V  m-n  +  2    (m  +  n)  (A  +  A')  -  2  A 

Ti+P 


h  +  h'  '  4m  A  +  A' 

according  to  which  the  piece  should  be  calculated.  We  obtain  the  weight  of  the  lower  portion  of 
the  nth  rod,  by  multiplying  by  the  length  and  by  the  quantity  *  V  ;  and  as  the  formula  subsists 
for  the  middle  rod,  it  will  be  sufficient  to  sum,  supposing  n  to  take  tho  successive  values  1,  2,  .  .  .  m, 
then  to  double  and  subtract  the  value  relative  to  n  =  1,  in  order  not  to  reckon  the  middle  bar 
twice.  We  thus  find  the  value  given  in  tho  following  section  for  the  total  weight  of  the  lower 
portions  of  the  2  m  —  1  rods. 

156.  Adding  to  the  rods  thus  calculated  the  total  weight  of  the  flanges  (147)  and  that  of  tho 
two  systems  of  diagonals  (149  and  153),  we  shall  have  the  total  weight  of  the  bow-girder 


Weight  of  the  flanges  =  {l  +  P'l^.  [2  m3  52  +  (4  m  _  1} 

A  +  A          L 
Weight  of  the  diagonals 

--  )  +  8AA'(4m<-5ro*  +  1)    ; 


i 
30m2  (A+A) 

Upper  portion  = 

Weight  of  the  vertical  rods  1  (4  m2  -  1)  (  p  +  />')  8  ^"  V 

Lower  portion  =  -      —  s~7T  i    ;'\ 
v  3m  (A  +  A) 

_-P'8*O_  [hdGm*  +  15m8  -  20m2  -  15m  +  4)  +  A'  (16m4  -  40  m"  +  20  ms  +  10m  -  6)]. 
60  m2  (A  +  A')  L 

Mean  weight  of  the  bow-girder  a  lineal  metre 

=    -.(pi+  *'>  *  -  /3  m*  U  P  +  2  (U  +  V)  (4  m2  -  1)  (A2  +  A'2)  +  ^  [15  m*  0»  -  1)  * 

1^  771    Q/fc  "p"  >l  j  \  ,. 

+  2(A2+A'2)(16m5-60m*+59m-15)+16mAA'(4m4-5mM-l)  +  mVAA 


For  the  case  in  which  A  =  A',  thin  formula  becomes,  representing  the  total  height  by  H 
Mean  weight  a  metre  of  bow-girder  with  flanges  of  an  equal  curve 

+  (U  +  V,  (4  *  -1)H 


H 

or  making  2  m  =  N  :  Weight  a  metre 


- 

S  (32  „<-  25  W-  5»-  2)]}+  n: 


The  important  part  played  by  the  vertical  rods,  which  serve  in  several  ways,  will  require  a  high 
ValUie57°f  Jarabolic  Arched  Girder,  divided  into  an  even  number  of  a*r*fc-The  particular  case  in 
which  A'  =  0  gives  : 
Weight  a  metre  of  arched  girder  -. 

U/2  ,  (U+V)(4m2-l)A       q  [(m  -  1)_P         A_  (1Gm5_60m*+59m-15)    [+n; 

¥jj  +  -       -6m2"  +m*L      8h 

_ 

A  [(U+V)(N4-1)  +  ^^-S°Nt+r>9N- 

The  observations  in  144  apply  here.     No  rod  will  be  subject  to  compression  i 
this  condition  is  not  fulfilled,  the  compressions  may  fa 


or,  N  being  even  :  Weight  a  metre 
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158.  Tho  strains  upon  the  pieces  ore  easily  deduced  from  the  general  formula}.    We  have: 

ro*(/7  +  ;/)SJ 
Constant  maximum  strain  upon  the  lower  flange  =  -  ^  —  '•  —  ; 

(p-fp')S    ,  -  - 
Maximum  strain  upon  the  nth  section  of  the  upper  flange  =  —  ^  -  V  W  8*  +  (2  n  -  I)2  Az  ; 

P'  ^    i  - 
Maximum  strain  upon  the  nth  diagonal  (full  lines)  =  7  —  -  *J  m*  S2  -f  (m2  —  »*)*  A*  ; 

Maximum  strain  upon  the  nth  diagonal  (dotted  lines)  =  ~—r  Vm<  8*  +  [m*  —  (n  —  1)2]^A*  ; 

I  tension  +  (p  +  p')  8  ; 
compression  (if  any)  =  (m  ~  »)  (OT  +  n  -  2)y'8  _ 
4  m 

159."  /tote  Bridges  continued.  —  Examples.  —  The  great  height  which  bow  bridges  attain  renders 
the  bow  subject  to  compression  liable  to  distortion  in  the  middle  of  the  bearing  ;  but  this  height 
will  generally  enable  us  to  use  ties  on  the  upper  part  without  impeding  the  passage  of  the  trains. 
Tho  lower  and  upper  ties,  with  the  vertical  rods,  will  constitute  a  rigid  frame,  binding  the  whole 
together.  If  the  height  is  very  great,  simple  gussets  will  be  insufficient  at  the  corners  of  these 
frames,  and  recourse  should  be  had  to  vertical  St.  Andrew  crosses,  similar  to  those  shown  in  Fig. 
1770.  This  is  the  case  in  which  it  is  especially  necessary  to  give  the  vertical  rods  an  excess  of 
flection,  to  prevent  their  yielding  at  the  points  to  which  the  vertical  cross-bracing  is  fixed. 

At  the  end,  this  decrease  of  height  allows  the  suppression  of  the  upper  ties  without  compromising 
the  stability.  In  the  intermediate  parts,  it  will  be  prudent  to  place  vertical  rods  with  broad  pro- 
jecting ribs,  firmly  fixed  to  the  horizontal  portion  of  the  bridge,  as  in  the  case  of  girders  loaded  on 
the  lower  side. 

The  rigidity  of  the  whole  is  completed  by  the  lower  horizontal  cross-bracing,  and  a  cylindrical 
upper  cross-bracing  extending  over  that  portion  of  the  bridge  where  the  height  is  sufficient.  In  this 
way  distortion,  or  the  strain  of  torsion,  will  be  better  prevented  or  overcome  than  in  girders  loaded 
on  the  lower  side,  and  it  may  be  done  at  a  less  expense  than  in  a  straight  tubular  bridge,  in  which 
the  upper  tying  must  extend  throughout  the  length. 

The  framing,  or  bow-girder,  should  terminate  at  its  two  extremities  in  solid  wrought-iron  plates 
binding  the  two  flanges  together  ;  great  strength  is  here  required,  but  it  may  be  obtained  without 
much  expense,  because  the  height  is  inconsiderable. 

160.  Rigidity  of  the  Bows.  —  If  the  form  of  a  bow-girder  with  a  straight  lower  flange,  or  stringer, 
be  preferred,  we  saw  (144  and  157)  that  it  is  easy,  whatever  the  height  may  be,  to  elude  com- 
pletely the  compressions  upon  the  diagonals,  and  almost  wholly  also  upon  the  vertical  rods,  which, 
besides,  are  always  provided  with  considerable  rigidity.    It  is,  therefore,  useless  in  this  case  to 
make  the  bow  rigid  ;  perhaps  it  is  wise  to  allow  the  flanges  a  certain  flexibility,  in  order  that  the 
spandrils  may  have  to  maintain  the  form  of  the  bow  ;  for  if  the  rigidity  of  the  latter  usurped  this 
duty  in-  too  marked  a  manner,  there  would  result  moments  of  rupture  in  virtue  of  which  the  distri- 
bution of  the  pressures  would  be  made  in  an  unequal  manner  among  the  several  sections. 

In  a  certain  degree  this  will  always  be  the  case,  and  it  should  be  taken  into  account  by  slightly 
increasing  the  coefficient  U.  This  remark  applies  also  to  straight  girders  which  are  not  strictly 
articulate  or  jointed  pieces,  though  calculated  as  such.  It  is  advantageous  to  regard  the  two 
flanges  as  solid  with  each  other,  and  furnishing  a  moment  of  resistance  in  virtue  of  which  the 
pressure  is  greater  upon  certain  fibres  than  upon  others.  The  cross  and  the  vertical  bars  will 
benefit  by  this  circumstance,  and  will  bear  strains  a  little  less  than  those  given  in  the  calcu- 
lations. 

It  is  wlien  the  moving  load  is  great  with  respect  to  the  dead  weight  that  it  is  especially  neces- 
sary to  consider  the  bow-girder  as  an  articulate  system.  On  the  contrary,  if  we  place  the  resistance 
to  distortion  in  the  rigidity  of  the  bow,  we  are  obliged  to  increase  the  permanent  load  by  means  of  a 
thick  layer  of  ballast.  The  bow  may  then  be  calculated  by  the  formulae  of  the  flexion  of  the  curved 
pieces  ;  the  diagonals  are,  however,  retained,  but  they  are  reduced  to  very  slender  rods  ;  the  flanges,  on 
the  contrary,  are  strengthened,  and  their  section  should  have  a  considerable  height.  Under  these 
conditions,  the  principal  part  will  be  played  by  rigidity  ;  for  when  several  pieces  act  together,  the 
strain  will  concentrate  itself  upon  those  which  are  best  able  to  resist  it. 

161.  Comparison  between  Straight  and  Arched  Girders.  —  When  the  height  allowed  is  unlimited,  a 
bridge  of  straight  girders  loaded  on  the  upper  side  will  have,  over  bow-girders,  the  advantage  of 
diminishing  the  cube  of  masonry  by  requiring  a  lower  bed.    But  if  the  height  is  limited,  we  have 
only,  hi  making  choice  of  a  system,  to  compare  the  metallic  portions. 

If  the  bridge  had  to  carry  only  the  permanent  load  p,  uniformly  distributed  throughout  the 
length,  the  comparison  would  be  exceedingly  simple.  Indeed,  an  arched  girder  may,  in  this  case, 
be  deprived  of  diagonals,  and  by  giving  it  the  most  advantageous  height,  its  weight  a  lineal  metre 
will  be  expressed  by  the  following  value,  supposing  /  =  2  m  S  : 


i  / 

V. 


« 

2 


Neglecting  all  coefficients,  a  girder  of  triangles,  Fig.  1657,  would  give  for  the  theoretical 
minimum  expense  (a  being  equal  to  0), 

p,    pit* 
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Or  for  m  =    

1 

2 

3 

4 

5 

6 

7 

8 

p 

We  have  ^  =      ..     .. 

0-866 

1-094 

1-298 

1*480 

1'638 

1-790 

1-920 

2-046 

*i 

Thus  for  m  =  8,  the  straight  girder  would  -weigh  more  than  twice  as  much  as  the  arched 
girder;  but  this  supposes  that  the  rise  of  the  latter  is  not  less  than  0-43  of  tho  bearing,  whilst 
the  height  of  the  former  would  not  exceed  0  -148. 

The  effect  of  a  moving  load  will  be  to  render  necessary  tho  addition  of  diagonals  to  this  latter 
girder;  but  for  the  straight  girder  also  the  strains  upon  tho  bars  will  be  greater  than  with  a  per- 
manent load.  Rigidity  requires  another  increase,  but  more  especially  upon  the  struts  of  the 
straight  girder.  The  arched  girder  will  generally  have  a  great  advantage  in  respect  to  tho 
lattice,  even  with  heights  which  are  not  the  most  economical ;  but  in  order  that  there  may  bo 
nothing  to  lose  upon  the  flanges,  it  must  have  a  rise  K  I  greater  than  the  height  «'  /  which  would 
be  given  to  the  straight  girder.  The  weights  of  the  flanges  will  be  equal  in  the  two  systems  when 
we  have  between  K  and  «'  the  following  relation,  the  coefficient  U  being  supposed  the  same  in 

2  K  (N* 1) 

both  systems:  K'  =  oTvi  _  i\  4.  gN8  «»  "* tlie  °ase  °f  ^  °^ '  OP 


if  N  is  even. 


N  lias,  however,  but  a  small  influence;  if  for  the  straight  girder  we  take  *'  =  0.10,  we  shall 
have  K'=  about  0-16;  for  if  K'  =  -  the  rise  would  bo  0'21  of  the  bearing. 

o 

In  general,  with  the  rise  allowed  in  practice,  we  ought  not  to  reckon  upon  saving  in  tho 
flanges,  but  the  advantage  of  the  arched  form  will  be  essentially  in  relieving  the  vertical  portion 
(see  168). 

162.  first  Example. — Arched  Girder  with  Simple  Rigid  Diagonals,  Figs.  1761  to  1765. — 
Data:  /  =  36™,  p  =  2000" ,  p'  =  3300" ,  p  +  p'  -  5300* ,  q  =  0-  623;  5  =  4m,  N  =  9,  or  m  =  4, 
A  =  6m-50. 

The  lower  flange  supports,  under  a  load,  a  constant  strain  of  130  J  tons.    It  is  composed  of 

three  angle-irons  of  — — — •  millimetres,  a  vertical  rib  of  550/10,  to  which  the  vertical  bars  aro 

12 

fixed  by  twelve  rivets  of  Om<025,  and  two  horizontal  plates  of  600/10  each. 

The  upper  flange  supports  strains  expressed  by  - — — *J  m2  (m  +  1)*  6*  +  4  (n  —  l)a  A*, 

A  A 

which  vary  from  130J  tons  in  the  middle  (n  =  1),  to  155-6  tons  in  the  extreme  section  (n  =  5). 
The  vertical  rods  have  a  maximum  tension  which  varies  from  30  to  21'2  tons.     The  first 

may,  besides,  be  compressed  by  a  force  equal  to  — — — —  (m  —  n)  (m  +  n  -  1)  -  p  8  =  800k  only, 

and  for  the  others  the  strain  is  always  one  of  tension.  The  vertical  rods  are  therefore  strengthened 
only  with  a  view  to  the  stability  of  the  whole  flooring.  The  two  girders,  or  framings,  are  bound 
firmly  together  in  two  places  towards  the  middle  of  the  bearing  by  tie-beams  so  arranged  aa  to 
form  a  rectangular  figure  enclosing  the  whole  bridge. 

The  strain  upon  the  diagonals  (139)  varies  from  17*2  tons  for  tho  first  (middle)  to  10-8  tons 
for  the  last  (n  =  4).  The  first  is  divided  into  two  portions  to  form  a  cross,  each  arm  of  which 
supports  only  8' 6  tons.  The  sections  adopted  have  sufficient  rigidity,  regard  being  had  to  their 
etrain  a  unit  of  section,  which  strain  ia  very  small. 

Calculation  gives ; 


,-,          /Angle-irons  and  vertical  ribs,  with  their  joint-plates  and  solid  ends  10500k 

anSes\  Horizontal  plates  with  their  joint-plates 8300 

Vertical  rods     2130 

Diagonals  1WO 

Two  horizontal  pieces  of  railing  and  central  gusset          


270 


18800* 


Total      ..................     23000" 

Say  612  kilogrammes  a  lineal  metre  (of  the  whole  length  37™  '60). 

The  formula  of  141  becomes,  with  the  data  of  the  present  example,  and  adding  a  special  term 
for  the  addition  to  the  vertical  rods, 


-  =  369  U  +  22-6  V  +  38-5 


1  OCfifik 


=  5°°k  *  mttrc' 


> 

****  U  =  369  = 


'  incllj(lin"  the 


The  flanges  weighing  ^n 
plates  at  the  ends.    These  latter  having  an  excess  of  strength,  tho  valuo  of  U  may  be  reduced 
&  little. 

For  the  diagonals,  V  =  ^Tg  =  2'21. 

S  :  2 
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The  vertical  rods  weigh,  according  to       ~*i>rv 
the  calculation,  alxmt  (iO  kilogrammes 
a  lineal  metre  of  girder :  the  theore- 
tical weight  being  only  88-5,  we  have 
to  cover  21k  5  by  means  of  a  term  0       » 
requiring  9=3;  in  other  words,  the        * 
excess  of  section  given  to  the  rods  is 
equivalent   to  the  addition  of  a  pro- 
„'  piece  weighing  Oh  =  19kt5  a 
metre  (of  its  own  length).  -.  J 

270 
n  is  hero  only  —  =  8  kilogrammes 

(say  0-013  of  the  total  weight). 

If  double  diagonals  wore 
adopted,  we  might  leave  the  vertical 
rods  unchanged,  since  they  are  deter- 
mined by  other  conditions  than  the 
theoretical  strain ;  and  the  double  dia- 
gonals, calculated  for  tension  only, 
would  give  a  weight  of  58  kilogrammes 
a  metre.  Thus,  in  this  example,  tho 
Mitido  diagonals,  though  V  is  a  littlo 
greater  than  2,  give  a  small  advan- 
tage, which  is  due  to  the  fact  of  their 
liaving  been  chosen  short,  and  exposed 
to  the  least  strain.  The  saving  is, 
however,  so  trifling  that  it  would  have 
been  quite  as  advantageous,  and  per- 
haps more  so,  to  adopt  the  cross. 
This  will  be  done  in  the  following 
example. 

164.  Second  Example. — Arched  Gir- 
der of  Tension-crosses,  Figs.  1770  to 
1787.— Data:  /  =  66»,  p  =  2500k,  p' 
=  3000k ,  p  +  p'  =  5500k ,  q  =  0'545. 
6  =  6™,  N  =  11,  or  m  =  5,  A  =  11. 

As  in  the  preceding  example,  we 
shall  adopt  a  moderate  load,  for  tho 
value  p'  =  4000  corresponds  with  the 
purely  fortuitous  case  of  two  heavily- 
laden  trains  crossing  the  bridge  at  the 
same  time. 

The  lower  flange  bears,  under  a 
complete  load,  a  constant  tension  of 
270  tons ;  the  upper,  270  in  the  middle 
to 316 '5  tons  at  the  end;  or  more  cor- 
rectly, this  last  strain  will  be  less,  for 
towards  the  ends  the  bow  ceases  to  be 
parabolic  and  terminates  by  tangents, 
for  the  purpose  of  lengthening  suffi- 
ciently the  bearing  upon  the  rollers. 


«. o«r» 
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Regarding  the  diagonals  as  resisting  only  by  tension,  so  that  one  arm  only  of  each  cross  acts 
under  a  givt-n  load,  the  strains  will  be : 


Fhort  diagonals   .. 
Long  diagonals    .. 
Strain    

No.  1  (middle) 
Nos.  1  and  2 
27-800 

2 
3 

26-540 

3 

4 
23-764 

4 
5 
19-904 

5 
6 
15-690 

The  sections  adopted  have  a  form  possessing  considerable  rigidity.  If  they  had  been  made  to 
resist  compression  for  the  half  of  the  load,  the  maximum  strains  would  have  been  the  half  of  the 
•bore,  so  that  the  sections  adopted  would  give  at  least  V  =  2,  which  would  warrant  us  in  increas- 
ing to  50  the  ratio  of  the  length  to  the  reduced  thickness,  a  condition  which  is  not  far  from  being 
fulfilled.  The  spandrils  are  thus  susceptible  of  two  modes  of  resistance ;  the  one  which  will  be 
produced  will  be  an  intermediate  mode,  in  virtue  of  which  the  strains  will  be  less  than  those 
provided  for. 

The  vertical  rods  bear  33  tons  under  a  full  load.  They  always  resist  by  tension,  except  the 
first  towards  the  middle,  which  may  be  subject  to  a  strain  of  compression  of  1-345  ton  only.  Their 
sections  are,  however,  increased  to  give  rigidity  to  the  rectangular  figure  formed  by  the  tie-beams 
already  alluded  to,  to  which  the  vertical  cross-bracing  is  fixed. 

Direct  calculation  gives  the  following  results : — 

Angle-irons  with  vertical  ribs  with  their  joint-plates  and  the  end  plates  27550k ) 

Horizontal  plates  with  their  joint-plates     37400  (  QJQQQ^ 

Gussets  between  the  vertical  rib  and  the  horizontal  plate,  angle-iron  onl  2n-n  (    ' 

the  edge  of  upper  flange ) 

Vertical  rods  (including  330*  for  joint-plates  and  other  accessories  required  in  fixing)  . .  81 00 
Diagonals  (including  1100k  for  joint-plates,  filling-plates  at  the  points  of  crossing) . .  . .  7250 
Railing 650 


Total     83000k 

Say  1203  kilogrammes  a  metre  of  the  total  length  69  metres. 

The  formula  of  145  becomes  in  the  present  case  —  =  754-5 U  +  52-5  V  +  97  +  fl.     The 

65000k 
flanges  weigh  —     —  =  942  kilogrammes  a  lineal  metre  of  girder,  which  gives  U  =  1  '25.  For  the 

O»7 

vertical  rods  we  have  V  =  about  2-25.  These  quantities  do  not  include  the  accessories  inde- 
pendent of  A,  the  details  of  which  are  as  follows : — 

Accessories  forming  a  part  of  the  flanges       . .      . .  2050  \ 

„               „               „            vertical  rods     ..     330    3g80k 
„               „            crosses       ..      ..     850  { *  5U  » 
Railing         650J 

which  gives  fl  =  57  kilogrammes  a  metre  of  the  total  length,  or  0-0475  of  the  total  weight. 

To  discuss  the  height  A,  suppose  that  with  the  present  data  we  have  to  adopt  V  =  0  •  205  h  (for 
a  height  above  5  metres),  and  that  the  value  U  is  regarded  as  nearly  constant.  The  weight  of  the 

P  /1 892  \ 

girder  (145)  may  be  put  in  the  form  -  =  7'15  ( —  +  1-624  A  +  0-137  AM  +  57k.     It  becomes 

then  a  minimum  for  A  =  15m-50,  which  brings  it  down  to  1115  kilogrammes,  instead  of  1208  kilo- 
grammes, which  the  same  formula  gives  for  the  height  adopted  of  11  metres. 

165.  To  compare  the  arched  girder  with  the  bow  properly  so  called,  having  an  equal  height  in 
the  middle,  let  us  take  for  example  the  data:  /  =  60m,  N  =  10, p+p'  =  5500k,  q  =  0-55,  total 
maximum  height  =  10™,  U  =  1-25,  V  =  2  for  the  arched  girder. 

We  must  first  ascertain  what  value  of  V  will  be  required  for  the  bow-girder  having  flanges  of 
an  equal  curve.  Now  the  upper  portion  of  the  vertical  rods  has  as  a  constant  maximum  strain 
16J  tons,  whilst  the  lower  portion  may  be  subject  to  strains  of  compression  varying  from  30  to  21  •  9 
tons.  The  vertical  rods  of  the  arched  girder  will  have  to  resist  loads  less  than  33  tons,  but  in  the 
present  case  the  rigidity  to  resist  compression  is  necessarily  in  the  lower  portion ;  but  it  is  not 
this  condition  even  which  fixes  the  limit,  the  rods  must  be  stronger  than  theory  requires  on 
account  of  the  duty  they  have  to  perform  as  mediums  between  the  girder  and  the  flooring.  We 
•hall,  therefore,  give  them  a  section  at  least  equal  to  that  adopted  for  the  arched  girder,  which 
leads  to  a  coefficient  V  equal  to  about  3. 

The  term  fl  has  also  a  more  disadvantageous  value  in  the  case  in  which  both  flanges  are 
curved,  on  account  of  the  longitudinal  girder  which  will  always  be  required  on  a  level  with  the 
flooring,  though  it  is  not  strictly  indispensable.  Let  us  take,  for  example,  XI  =  55  for  the  arched 
girder,  and  fl  =  120  for  the  girder  with  both  flanges  curved. 

Then  the  formulae  of  156  (for  A  =  A')  and  157  (A  =  0)  give  respectively  for  the  example  under 
consideration: 

Weight  of  the  metre  of  bow-girder  with  both  flanges  curved  =  1137  kilogrammes. 

Weight  of  the  metre  of  arched  girder  with  a  straight  lower  flange  =  1092  „ 

Thus,  with  an  equal  total  height,  the  simple  arched  form,  which  is  the  more  convenient,  is  to 
be  preferred.  ^  Yet  it  is  possible  that  the  double  curve  form  may  become  the  more  advantageous  in 
certain  cases  in  which  it  may  be  regarded  as  warranting  a  greater  total  height,  on  account  of  tho 
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triple  tying  on  three  different  levels,  provided  this  additional  tying  do  not  consume  all  the  saving 
effected  in  the  girder  itself. 

166.  The  last  plan,  Fig.  1770,  gives  us  U  smaller  and  n  greater  than  the  first  example.  But 
we  may,  to  make  the  matter  more  simple,  bring  them  to  about  the  same  values :  to  do  this  we  may 
include  in  U  the  accessories  forming  part  of  the  flanges,  so  that  the  latter  will  amount  to  67000  kilo- 
grammes (164) ;  consequently,  U  will  be  equal  to  1  -29,  instead  of  1  -25,  and  n  to  0'  022  of  the  total 
weight,  instead  of  0'0475.  Already,  in  section  102,  we  have  similarly  attributed  to  U  the  angle- 
irons  upon  the  edge  of  the  flanges  and  the  plates  at  the  ends  of  the  cross-girders,  although  strictly 
speaking  these  accessories  do  not  depend  upon  the  height,  but  rather  upon  the  particular  form  of 

167.°Admitting  generally  h  =  0'18/,  U  =  1'30,  V  =  2-50,  and  fi  =  0-025  of  the  weight,  we 
may  form  Table  X.  of  the  quantities  - —  for  various  values  of  N  and  q,  and  for  arched 

girders  with  crosses.  The  numbers  of  this  Table,  being  multiplied  by  (  p  +  p')  I,  will  give  the 
mean  weight  of  the  lineal  metre.  They  have  been  calculated  by  means  of  the  formula)  in  sections 
145  and  157,  which,  with  the  data  admitted,  become  respectively 

=  0-0030135  - 


for  N  odd ;  and 

=  0-0030135  -  °-^^  +  |Yo0185^j^  +  0-000032  (N  - 


N2 

for  N  even,    fl  is  included  in  the  numerical  quantities,  which  have  been  multiplied  by  1-025. 
168.  For  girders  carrying  a  whole  line  of  rails,  we  may  allow : — 


Metres. 

Metres. 

Metres. 

For  I  =     ., 

20 

60                80 

Kilos. 

Kilos. 

Kilos. 

P  +  P'=    -• 

6900 

6700 

7300 

And  q   =    .. 

0-72 

0-60 

0-55 

Supposing  besides,  as  in  92,  N  =  7  for  bridges  of  20  metres,  8  for  those  of  30  to  60  metres,  9  for 
70  metres,  and  10  for  80  metres,  we  may  draw  up  the  following  Table : — 


/  

Metres. 
20 

Metres. 
30 

Metres. 
40 

Metres. 

50 

Metres. 

60 

Metres. 

70 

Metres 
80 

Weight  of  the  metre  of  girder  carrying  a  whole  ) 
line  of  rails    j 

Kilos. 
460 

Kilos. 
680 

Kilos. 
890 

Kilos. 
1100 

Kilos. 
1310 

Kilos. 
1600 

KII.M. 

1900 

These  weights  differ  but  little  from  those  of  girders  of  simple  triangles  (92),  or  of  crosses  without 
vertical  rods  (105) ;  so  that  the  advantage  of  the  arched  form  is  not  in  the  girder  itself,  but  consists 
merely  in  diminishing  the  length  over  which  the  upper  tying  and  cross-brncing  extends.  Over 
other  systems  of  girders  the  advantage  in  weight  will  be  more  sensible ;  but  it  may  happen  that 
the  builder  asks  a  higher  price  the  kilogramme  for  structures  with  curved  flanges  than  tor  those 
with  straight  girders.  In  this  case  the  price  must  be  taken  into  consideration  in  comparing  the 
relative  merits  of  the  several  systems. 

As  the  arched  form  allows  the  rigidity  of  the  vertical  portion  to  be  relegated  to  the  rank  of 
secondary  questions  (144  and  157),  an  arched  girder  carrying  only  one  rail  will  weigh  but  little 
more  than  half  of  the  weights  given  above  for  girders  loaded  with  a  whole  line.  Therefore,  in  the 
case  of  a  small  load,  the  advantage  of  the  arched  form  becomes  more  decided. 

We  will  repeat  once  more  a  remark  already  made  several  times :  it  is  that,  in  general,  in  order 
that  a  girder  may  support  wholly  the  load  of  one  line  of  rails,  we  must  consider  the  case  of  two 
heavy  trains  crossing  at  the  same  time ;  if,  therefore,  for  this  fortuitous  case  we  are  willing  to 
raise  slightly  the  value  of  K,  we  may  reduce  the  weights  given  above. 

181.  Weight  of  the  Lineal  Metre  of  Railway  Bridges  carrying  Ttco  Lines  of  Rails. — Case  of  Limited 
Height. — When  the  depth  between  the  level  of  the  rails  and  the  lower  side  of  the  girders  is  limitrd, 
the  system  of  loading  the  girders  upon  the  lower  side  is  resorted  to,  which  for  long  spans  is 
developed  into  the  tubular  system. 

A. — Three-girder  Bridges  loaded  on  the  lower  side.— If  the  depth  allowed,  though  limited,  is  yet 
sufficient  to  enable  us  to  give  to  the  cross-girders  a  height  of  Om-70  or  Om'80 ;  these,  added  to 
the  minor  longitudinal  girders  will  make  up  a  weight  of  about  640  kilogrammes  the  lineal  metro 
of  flooring  under  two  lines  of  rails,  the  distance  apart  being  included  between  3  and  5  metres.  In 
detail : — 
With  a  distance  apart  of  3  mctros  and "I  Cross-girders  =  375k ;  minor  longitudinal  girders  =  265k. 

a  height  of  Om  -70,  wo  should  have    . .  /    Total  =  640k  . 

And  with  a  distance  apart  of  5  metres!  Cross-girders  =  250k ;  minor  longitudinal  girders  =  385k. 
and  a  height  of  Om  •  80,  we  should  have/    Total  =  635k . 

For  spans  of  30  metres  and  above,  a  horizontal  crosx-brnoing  is  nddod,  weighing  from  80  t<>  mo 
kilogrammes  the  metre  of  flooring ;  and  in  that  case  the  total  of  the  pieces  and  the  chief  girder* 
will  increase  to  720  or  740  kilogrammes. 
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If  the  height  of  tho  girders  exceeds  5  metres,  we  shall  adopt  tho  tubular  system  by  adding  tie- 
beam*  at  tho  top  reckoned  ut  HO  or  100  kilogrammes,  Fig.  1719,  and  an  upper  cross-bracing 
reckoned  at  70  or  90  kilogrammes.  The  total  will  bo  from  880  to  930,  according  to  the  span.  Tin; 
upper  tie-beams  increase  nut  little  with  tho  span  ;  for  if,  in  a  largo  bridge,  they  are  increased  in 
size,  they  way  bo  placed  farther  apart. 

The  outride  girders  carry  only  one  rail,  and  should  never  be  subjected  to  a  strain  greater 
than  6  kilogrammes  the  square  millimetre;  but  the  middle  girder  may  support  a  whole  lino 
in  tho  ease  of  two  trains  crossing  the  bridge  at  the  same  time,  an  exceptional  circumstance 
when  the  strain  may  without  injury  be  raised  to  7k<50,  especially  as  the  loads  supposed  (34)  aro 
for  very  heavy  trains.  In  the  ordinary  case  of  the  passage  of  one  train,  the  middle  girder  \\i\\ 
not  be  subject  to  a  strain  of  6  kilogrammes.  In  virtue  of  this  increase  of  11,  the  weight  of 

the  girder,  or  at  least  the  part  which  is  a  function  of  t,  will  be  reduced  to  =• ;  or,  which  amounts  to 

tho  same  thing,  t  will  have  tho  value  0-00104,  instead  of  0*0013.  If  the  height  be  not  changed, 
something  will  yet  be  gained  by  the  fact  that  the  lightening  of  the  girder  diminishes  to  an  equal 
amount  the  load  which  it  bears. 

Girders  loaded  on  the  lower  side  are  badly  supported  if  their  height  is  great  without  being- 
sufficient  to  allow  an  uppen  tying.  The  heights  between  8m  •  50  and  5  metres  should,  therefore,  bo 
avoided.  For  example,  if  the  height  theoretically  the  most  favourable  were  4  metres  or  under,  it 
should  be  reduced  to  about  3m'30 ;  if  it  were  above  4  metres,  it  should  be  increased  to  5m"30,  in. 
order  to  adopt  the  tubular  system.  However,  if  the  depth  allowed  will  permit,  we  may  sometimes 
raise  the  cross-girders  as  shown  in  Fig.  1718,  in  a  two-girder  bridge,  and  in  that  case  we  may 
without  inconvenience  retain  the  height  calculated. 

182.  Table  XIL  A  gives  the  weights  of  three-girder  bridges  calculated  according  to  the  preceding 

indications.    An  addition  of  —  has  been  made  to  include  unforeseen  necessities.    Multiplying  the 

weight  of  the  lineal  metre  of  total  length  by  1-045,  we  obtain  the  weight  a  lineal  metre  of 
bearing  (37),  given  in  the  last  column.  Multiplying  this  last  by  I'Oo,  or  immediately  those 
of  the  preceding  column  by  1-0973,  we  obtain  the  weight  a  metro  of  clear  span  between  the 
abutments. 

In  the  case  of  multiple  lattices,  we  suppose  that  the  outside  girders  have  single  vertical  rods 
placed  upon  the  inside  of  the  girder,  and  that  they  may  be  computed  by  a  mean  between  the 
weights  of  117  and  118,  at  least  when  the  height  does  not  differ  too  widely  from  that  of  0-11  /, 
which  was  supposed  in  the  sections  referred  to.  The  middle  girder  will  have  double  vertical  rods 
and  a  Sat  lattice  if  there  is  no  upper  tying ;  if  the  bridge  is  tubular,  it  will,  on  the.contrary,  have 
a  rigid  lattice  and  no  vertical  rods. 

In  arched  girders,  the  upper  tying  extends  only  over  those  portions  where  the  height  is  suffi- 
cient ;  so  that  its  mean  weight  is  less  than  in  straight  bridges.  But  in  long  spans  this  economy 
diminishes,  and  is  compensated  by  tho  necessity  of  placing  struts  or  St.  Andrew  crosses  forming  a 
vertical  cross-bracing.  The  weights  given  in  the  Table  include  these  circumstances. 

183.  If  the  depth  allowed  be  very  limited,  we  shall  not  be  able  to  give  the  cross-girders  the 
height  supposed  in  181.    If,  for  example,  we  are  obliged  to  restrict  this  height  to  Om  -35,  as  shown, 
in  Fig.  1592,  the  weight  of  tho  lower  cross-girders  and  longitudinal  girders  will  be  increased  to 
960  kilogrammes  tho  metre  of  flooring,  instead  of  G40.    We  must,  therefore,  increase  by  320  kilo- 
grammes the  numbers  of  the  fifth  column  of  Table  XII.  A,  by  350  those  of  the  following,  and  by 
370  those  of  the  seventh  or  last  column. 

The  limit  in  height  may  be  still  less,  and  may  require  more  expensive  arrangements,  such  as 
those  of  Fig.  1591.  In  these  cases  we  must  of  necessity  adopt  the  three-girder  system;  for  that 
of  two  girders,  which  we  are  about  to  consider,  does  not  allow  the  height  of  the  cross-girders  to  bo 
decreased  to  such  an  extent. 

184.  B. — Tux>-girder  Bridges  loaded  on  the  lower  side. — When  the  cross-girders  can  be  of  a  good 
height  we  may  reckon  as  a  mean  for  their  weight,  joined  to  that  of  the  longitudinal  girders,  upon 
750  kilogrammes  the  metre'of  flooring.    In  detail : — 

With  a  distance  apart  of  3  metres  and"i  Cross-girders  =  530k;  minor  longitudinal  girders  =  240k. 

a  height  of  1  metre,  we  have     ..      .. /    Total  =  770k. 
With  a  distance  apart  of  4  metres  and"!  Cross-girders  =  4JOk ;  minor  longitudinal  girders  =  320k. 

a  height  of  1  metre,  we  have    ..      ..  /    Total  =  730k.    Fig.  1600. 
With  a  distance  apart  of  4  metres  and\Cross-girders  =  425k;  minor  longitudinal  girders  =  320k. 

a  height  of  Om  •  80,  we  have       . .      . .  /    Total  =  745k .   Fig.  1708. 
M  ith  a  distance  apart  of  5  metres  and\Cross-girders  =  340k;  minor  longitudinal  girders  =  3GOk. 

a  height  of  1  metre,  we  have    . .      . .  /    Total  =  700k . 

Above  30  metres  span,  a  horizontal  cross-bracing  must  be  added,  estimated  at  60  or  80  kilogrammes. 
Total  810  to  830,  according  to  the  span. 

\N  hen  the  bridge  becomes  tubular,  170  kilogrammes  must  be  added  for  upper  tie-beams,  and 
70  kilogrammes  for  upper  horizontal  cross-bracing,  in  long  spans  these  pieces  are  strengthened, 
and,  in  a  case  of  necessity,  vertical  cross-bracings  would  be  added ;  but,  at  the  same  time,  the  distance 
of  the  cross-pieces  apart  may  be  increased.  We  shall  reckon,  for  all  the  pieces,  as  well  as  for  the 
principal  girders,  1050  to  1100  kilogrammes,  according  as  the  span  varies  from  40  to  80  metres. 

In  arched  girders  the  upper  tying  extends  only  over  a  fraction  of  the  length,  but  this  fraction 
increases  with  the  span,  while  the  vertical  cross-bracing  acquires  at  the  same  time  more  import- 
ance :  therefore  in  long  spans  the  secondary  pieces  weigh  as  much  as  in  straight  girders. 

When  there  is  but  one  train,  upon  the  bridge,  the  girder  subjected  to  the  greatest  strain  will  sup- 
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port  only  about  -  of  the  load  of  a  whole  line,  and  under  these  circumstances  wo  may  subject  it  to 

a  strain  of  6  kilogrammes,  since  on  the  exceptional  hypothesis  of  two  heavy  trains  being  on  the 
bridge  at  the  same  time,  the  maximum  strain  will  still  be  less  than  7k  -50.  The  weight  of  girders 
may,  in  general,  be  rapidly  calculated  by  interpolation.  For  example,  for  a  solid  girder  of 
20  metres  span,  we  may  reckon  p  =  1800  kilogrammes  (including  500  kilogrammes  for  the  girder 

itself) ;  p'  =  -  of  a  line  of  rails  =  3750 ;  total,  p  +  p'  =  5550  kilogrammes.    Now  the  Table  of 

129  gives  370  kilogrammes  for  a  girder  carrying  one  rail,  and  the  load  of  which  was  valued  at 
3600  kilogrammes,  and  570  kilogrammes  as  the  weight  of  a  girder  carrying  two  rails,  and  for 
which  we  had  supposed  p  +  p'  =  7000.  Interpolation  will  give  for  the  present  case 

5550  -  3600 
7000  —  3600 

The  noight,  interpolated  between  lm>70  and  2m-25,  would  be  about  2  metres.  In  these  cases, 
in  which  the  height  thus  found  would  have  to  be  modified  considerably  to  prevent  its  falling 
between  3m'60  and  5m-60,  for  reasons  already  stated,  the  weight  would  be  calculated  directly  by 
the  formulae,  with  suitable  values  of  U  and  V. 

Table  XII.  B  gives  approximative  weights  for  two-girder  bridges  constructed  according  to  the 
hypotheses  which  have  just  been  made.  The  multiple  lattices  are  supposed  to  be  with  single 
vertical  rods,  which  allows  one  of  the  systems  of  bars  at  45°  to  be  constructed  of  pieces  with  pro- 
jecting ribs. 

185.  In  the  case  in  which  it  is  required  to  decrease  to  Om  •  60,  for  example,  the  height  of  the 
cross-girders,  in  consequence  of  the  limited  depth,  we  shall  have  to  increase  by  a  constant  equal  to 
about  300  kilogrammes  the  numbers  of  the  third  column  of  Table  XII.  B.    The  following  column, 

including  an  addition  of  ^. ,  will  increase  by  330  kilogrammes ;  and  the  weights  of  the  last  column 

will  be  augmented  by  345  kilogrammes. 

186.  Case  of  Unlimited  Height. — When  the  height  allowed  is  unlimited,  we  are  none  the  less 
free  to  adopt  one  of  the  preceding  systems,  but  we  have  the  advantage  of  placing  tiie  girders 
entirely  below  the  level  of  the  rails,  which  will  give  rise  to  other  systems :  these  systems  we  are 
about  to  consider.    They  may  be  preferred,  if  they  are  found  to  be  more  economical,  and  it  may 
be  at  once  remarked  that  they  possess  an  advantage  in  requiring  a  lower  bed  of  masonry.    The 
fact,  of  the  bed  being  far  removed  from  the  plane  of  vibration  may  appear  detrimental  to  the 
stability  of  the  structure;  but  this  may  be  remedied  by  means  of  vertical  cross-bracing,  especially 
that  which  is  placed  above  the  supports. 

187.  C.— Four-girder  Bridges  under  Rails.— According  to  Figs.  1612,  1614,  supposing  a  distance 
of  3  metres  between  the  cross-girders,  we  may  reckon  from  260  to  345  kilogrammes  a  metre  of 
flooring  for  the  pieces  other  than  the  principal  girders,  and  the  horizontal  cross-bracing,  according 
as  the  height  of  the  girders  varies  from  1- 50  to  4  metres;  say  300  to  400  kilogrammes,  including 
the  horizontal  cross-bracing. 

The  girders  carry  each  one  rail,  and  their  weight  is  found  ready  calculated,  according  to  tneir 
mode  of  construction,  in  the  Tables  of  sections  92,  105,  106,  117,  118,  129,  133. 

Table  XII.  o  gives  the  weight  a  metre  of  four-girder  bridges  for  spans  of  20  to  50  metres,  for 
this  system  will  never  be  adopted  for  very  long  spans. 
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recourse  to  horizont  .1  cross-bracing  beyond  20  metres  span  ;  reckoning  it  at  40  to  00  kilogrammes, 
we  shall  have  a  total  of  500  to  680  kilogrammes  for  heights  of  2  to  5  metres. 

Beyond  50  metres  span,  it  is  preferable  to  increase  the  distance  between  the  outside  &™**°7 
adopting  the  second  arrangement.  Fig.  1619:  we  may  then  reckon  upon  830  +  70  = 
grammes  for  a  span  of  50  metres  to  1100  kilogrammes  for  a  span  of  i 

Each  girder  will  bo  calculated  for  a  permanent  loadp  equal  to  its  own  weight  a  metre,  in 

by  700  to  900  kilogrammes.  As  to  p',  it  may  be  estimated  at  ?  of  a  rail,  for  an  outside  girder,  if 
the  distance  apart  is  5  metres,  and  at  ?  of  a  rail  if  the  girders  are  arranged  as  in  Fig.  1619  (second 
arrangement).  For  the  middle  girder,  p'  will  be,  in  the  same  cases,  respectively  equal  to  -&  or  to 
5  of  a  rail,  both  lines  being  loaded  simultaneously  by  heavy  trains.  For  this  exceptional  case  we 

may  raise  R  to  7-50,  or  reduce  t  to  0-00104,  for  then  the  ^*™  /^.^^^j^ 
than  6  kilogrammes  a  square  millimetre  in  the  ordinary  case  of  one  line  1.  led,  11 

W°ti^±lftobgive(dil«Sront  heights  to  the  middle  and  to  the  outside  girders,  but  the  advan- 
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arrangement  of  Fig.  1006,  we  may  reckon  600  kilogrammes:  Fig.  1742  would  give  660  kilo- 
grammes, the  height  of  the  girders  Ix-ini;  4™ '50. 

With  tlu>  lir>t  kind,  in  which  tho  di.-t:unv  between  the  girders  is  5  metres,  wo  shall  take  from 
550  to  700  kilogrammes,  according  as  the  height  varies  from  2  to  5  metres. 

Beyond  a  span  of  40  metres,  it  is  better  to  widen  the  flooring  by  adopting  the  arrangement 
shown  in  Fig.  1580.  Wo  may  then  reckon,  for  the  pieces  other  than  the  principal  girders,  from 
800  to  1000  kilogrammes,  including  the  horizontal  cross-bracing,  according  as  the  height  varies 
from  4  to  0  metres. 

Each  girder  is  calculated  for  a  strain  R  =  6  kilogrammes  a  square  millimetre,  taking  for  p 
the  weight  of  tlit-  girder  itself  increased  by  1000  to  1200  kilogrammes,  according  to  the  span,  and 
for  p'  the  load  of  1  -70  or  1  '55  of  a  rail,  according  as  the  distance  between  tho  girders  is  5  or  (5 -40 
metres.  These  values  relate  to  tho  case  of  only  one  line  loaded ;  but  in  tho  case  of  two  heavy  trains 
pawing  each  other  upon  the  bridge,  R  will  not  exceed  7  kilogrammes. 

Table  XII.  E  gives  weights  for  two-girder  bridges,  a  metre,  increased  by  —  . 

In  all  the  systems  of  girders  loaded  on  the  upper  side,  vertical  rods  will  be  quite  unnecessary. 

190.  Comparison  of  the  several  Systems. — On  comparing  Tables  XII.  A,  XII.  B,  All.  c,  XII.  D,  and 
XII.E,  we  aee  immediately  the  advantage  of  reducing  the  number  of  girders  to  two,  especially  in  tho 
case  of  long  spans.  But  when  the  depth  allowed  is  limited  to  the  absolute  minimum,  the  system 
of  three  girders  (Table  XII.  A)  becomes  the  only  possible  one.  When  the  height  is  unlimited,  tho 
two-girder  bridge  loaded  on  the  upper  side  (Table  XII.  E)  is  preferable  to  the  two-girder  bridge 
loaded  on  the  lower  side  (Table  XII.  B)  ;  but  in  long  spans,  this  latter  system  will  be  generally 
more  advantageous  than  those  of  four  or  of  three  girders  (Tables  XII.  c  and  XII.  D). 

As  to  the  mode  of  constructing  girders  considered  by  themselves,  the  solid  form  is  tho  most 
expensive :  then  come  multiple,  triangular,  and  cross  lattice-girders,  and  last,  cross-lattice  arched 
girders.  However,  in  two-girder  bridges  loaded  on  the  lower  side  (Table  XII.  B),  the  arched  form 
offers  but  a  trifling  advantage  in  weight  over  the  straight  form  with  cross-lattice,  and  it  is  besides 
more  complicated  in  construction.  Compared  with  a  straight  girder  with  multiple  lattice,  it  has 
again  a  certain  advantage :  for  example,  for  a  two-girder  bridge  of  60  metres  span,  it  would  offer  a 
total  saving  of  about  44  tons ;  but  if  there  were  a  difference  in  price,  and  the  arched-girder  bridge 
were  paid  for  at  the  rate  of  0'70  franc,  for  example,  a  kilogramme,  whilst  the  straight-girder 
bridge  cost  0'60  franc,  the  saving  would  be  reduced  to  4000  francs. 

To  make  the  comparisons  more  evident  and  palpable,  we  might  represent  graphically  the 
weights  given  by  the  Tables. 

191  a.  Observation. — In  using  the  Tables,  care  must  be  taken  not  to  lose  sight  of  the  hypotheses 
on  which  the  calculations  are  based.  Thus,  there  will  be  no  ground  for  surprise  that  the  bridge 
represented  by  Fig.  1708  weighs  4335  kilogrammes  a  metre,  whilst  Table  XII.  would  give  a  less 
weight :  this  apparent  anomaly  proceeds  from  the  fact  of  our  having  calculated  that  structure  for 
a  heavier  load,  on  the  supposition  that  R  should  never  exceed  6  kilogrammes,  even  in  the  excep- 
tional case  of  both  lines  loaded  simultaneously.  So  in  the  two-girder  tubular  bridge,  Fig.  1690, 
calculated  for  p  +  p'  =  7000,  the  span  being  56  metres,  the  weight  of  a  girder  reached  1300  kilo- 
grammes a  metre,  whilst  by  interpolating  in  Table  XII.  B  we  should  compute  it  at  1080  kilogrammes 

only ;  but  this  is  because,  according  to  the  hypotheses  of  this  Table,  the  load  considered  for  a  strain 
3 

of  6  kilogrammes  is  only  -  of  a  line  of  rails,  and,  besides  this,  the  permanent  load,  reduced  to  its 

just  value  by  taking  into  account  the  lightening  of  the  girder,  is,  by  400  or  500  kilogrammes, 
smaller  than  the  value  liberally  computed  in  section  89.  And,  indeed,  if  we  multiply  1300  kilo- 

5550 
grammes  by  the  ratio  of  the  loads  supposed,  say  about  =77^;,  we  obtain  1030  kilogrammes,  which 

7000 

is  not  quite  so  much  as  the  Table  gives.  In  the  same  bridge,  calculation  had  given  also  a  slightly 
greater  weight  for  the  flooring,  because  the  cross-girders  had  been  reduced  to  a  height  of  Om  •  70. 

191  j3.  Bridges  of  10  metres  span  and  less  are  always  of  solid  girders,  this  form  being  simpler 
and  more  advantageous  for  an  inconsiderable  height.  The  best  arrangements  in  these  small 
structures  are,  in  general,  easily  discovered,  and  ready-made  plans  exist  in  abundance.  In  the 
case  of  very  limited  depth,  we  may  adopt  the  hollow  form  of  girder,  if  the  bearing  does  not  exceed 
5  or  6  metres.  Beyond  that,  the  three-girder  system,  with  minor  longitudinal  girdersof  the  hollow 
or  of  the  double  f  form,  will  be  the  best.  And  when  the  height  permits,  we  may  take  the  bridge 
of  four  girders,  one  under  each  rail,  with  very  light  tie-beams. 

If  the  depth  is  unlimited,  it  is  sufficient  to  leckon  from  600  to  1200  kilogrammes  (including 
parapet)  as  the  weight  of  a  flooring  under  two  lines  of  rails,  a  metre  of  bearing,  according  as 
the  hitter  varies  from  3  to  10  metres.  In  the  case  of  very  limited  depth,  these  figures  must 
respectively  be  increased  to  1000  and  2000  kilogrammes,  if  a  general  notion,  only,  of  the  expense 
is  required. 

192.  Weight  of  Road  Bridges.— When  there  are  inclined  struts,  as  in  Figs.  1607  to  161 1,  and  1 625, 
care  must  be  had  to  take  into  account  the  increase  of  weight  which  they  occasion  when  the  height  in- 
creases. For  instance,  in  the  last  of  these  three  figures,  we  may  suppose  that  the  weight  of  the  pieces 

-  """   '    *"  ' ,  h  being  the  height  of  the  girders. 

are  applicable  to  small  spans,  solid 
,  ,  .  joints  in  the  vertical  rib  should  be  far 
apart,  indeed  there  should  be  only  one  in  spans  of  10  metres ;  the  vertical  stays  or  stiffening  rods 
should  consist  of  single  angle-irons,  serving  to  fix  the  cross-girders  and  brackets.  For  other  kinds, 
it  will  be  advantageous  to  employ  multiple  lattice-girders,  or,  better  still,  cross  lattice-girders ;  these 
girders  should  in  general  be  provided  with  vertical  rods  for  the  purpose  of  affixing  the  cross-girders 
and  brackets,  but  often  it  will  be  sufficient  to  give  them  a  small  sectional  area :  it  was  seen  in 
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108  tollS,  that  in  multiple  lattice-girders  it  is  advantageous  to  use  single  vertical  rods,  that  is,  rods 
rectoribs     y  6'  fa  °rder  ^  °De  at  Iea8t  °f  the  *?ai™"  of 


In  three-girder  bridges,  the  middle  girder  is  more  heavily  loaded  than  the  outside  ones,  and 
when  nothing  prevents  it  wd  be  well  to  give  it  greater  height  ;  this  is  easilv  done  in  the^st  of 
girders  loaded  on  the  lower  side  ;  when  the  height  is  unlimited,  as  in  Fig.  1G09  for  example,  the 

£1;P  n  t£  f6  f   t  *  K  ^  der  may  ^  Placed  at  a  lower  levelthan  those  of  the  outside  girders! 
It  is  m  the  kind  of  bridge  represented  in  Fig.  162G  that  the  difference  in  the  load  u£m  the 

'  '  when  ^  bridge  "  tubular'  the  upper  tie-beama  "**  *  « 

1788. 

.ff  oarf  Bridge. 

Roadway,  7m;  footways,  lm'50. 
Small  span.     Scale,  0  •  02. 


1789. 

Eoad  Bridge. 

Roadway,  10ra  ;  footways,  2m. 
Small  span.     Scale,  0'0_. 


---------------------  I0.oofl  --------------------- 


X- 


1790 


Table  XIII.  gives  some  general  values  of  weights  for  roads  of  6, 10,  and  14  metres  broad,  and 
for  spans  of  10  to  50  metres. 

In  long  spans  a  considerable  saving  may  be  effected  by  suppressing  the  ballasting,  which  will 
diminish  the  permanent  load.  This  may  be  done  without  danger,  because  vibration  is  much  less 
to  be  feared  than  in  railway  bridges,  where  the  moving  load  is  driven  at  greator  velocities,  and 
the  ratio  q  usually  possesses  a  value  near  0'60;  whilst  in  a  road  bridge  where  the  ballnst  would 
have  a  mean  thickness  of  Om  •  20  (35),  q  would  be  about  0  •  40.  In  any  case,  if  the  ballasting  ia 
retained,  it  is  evident  that  the  cross-bracing  will  be  much  less  important  in  a  road  bridge  than  in 
a  railway  bridge. 

193.  Bridges  of  several  Bays. — When  a  continuous  girder  rests  upon  several  supports,  and  carries  a 
load  uniformly  distributed  throughout  a  bay, 
but  liable  to  vary  from  one  bay  to  another, 
the  locus  of  the  moments  of  rupture,  in  any 
bay  in  which  the  load  is  pn  a  metre,  will 
always  be  a  parabola  with  a  vertical  axis, 

having  as  a  parameter  —  ,  and  the  position  of 

P" 

which  will  be  determined  by  the  condition 
of  passing  through  the  summits  of  the  ordi- 
nates  which,  raised  upon  the  supports  limit- 
ing the  bay  under  consideration,  will  repn  s<  nt 
the  moments  of  rupture  in  a  line  with  these 
supports.  Thus  for  the  bay  A  B  of  Fig.  1790, 
the  length  being  /...,  the  load  a  metre  /', .  the  moments  of  rupture  upon  the  supports  A  and  H 
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being  n,  _  i  and  M»I  wo  shall  have  as  the  variable  moment  in  the  point  M,  the  abscissa  of  which 
is  AT  reckoning  from  A,  the  expression 


and  the  stress  in  the  same  point  will  be  the  derivative 


194.  Tho  moments  of  rupture  upon  the  supports  depend  upon  the  circumstances  in  which  the 
other  bays  are  placed,  and  are  calculated  by  Clapeyron's  formula,  the  demonstration  of  which  is 
found  in  the  works  of  MM.  Belanger  and  Bresse,  and  to  which  we  can  merely  allude  :  it  is  the 
following  relation  connecting  the  moments  of  rupture  /*,  _  i,  /x*,  /t,  +  i,  upon  three  consecutive 
supports,  Fig.  1790, 

/•._  ,  J.  +  2M.  (/.  +  In  +  i)  +  M-  +  i  '-  +  i  +  \  (P»  '•*  +P-  +  »  P-  +  0  =  0. 

Applying  this  relation  to  each  group  of  two  consecutive  bays,  we  have  m  —  1  equations  (m 
being  the  number  of  bays  in  the  bridge)  between  the  m  —  I  moments  of  rupture  upon  the  piers, 
those  upon  the  abutments  being  nul.  These  equations  may  be  immediately  written  under  a 
numerical  form  with  the  given  bearings  and  loads,  and  the  resolution  effected  ;  then  the  moments 
upon  the  supports  being  all  known  and  represented  by  ordinates  to  a  given  scale,  we  have  only  to 
apply  a  parabolic  model  corresponding  to  each  bay,  keeping  their  axes  vertical.  We  thus  construct 
the  geometrical  locus  of  the  moments  of  rupture  over  all  the  bridge,  not  only  for  a  particular  mode 
of  loading,  but  for  all  which  are  capable  of  producing  a  maximum  strain  upon  certain  portions  of 
the  girder.  For  a  determinate  plan,  two  parabolic  models  are  sufficient,  one  for  the  dead  weight 
only,  which  is  supposed  to  be  constant  throughout  the  bridge,  at  least  when  the  length  of  the 
bays  do  not  differ  too  much  ;  and  the  other  for  the  maximum  total  load,  including  the  dead  and 
the  rolling  weights. 

The  several  loci  thus  traced  cut  each  other  in  certain  points,  and  we  make  use  only  of  the 
f-mvlope,  that  is,  of  the  portions  of  the  curves  giving  the  maxima  ordinates  in  absolute  value.  In 
calculations  for  bridges  of  several  bays,  the  cases  in  which  the  load  would  affect  only  portions  of  a 
bay  are  not  considered. 

Clapeyron's  formula  is  established  on  the  hypothesis  that  the  moment  of  inertia  of  the  girder 
remains  constant  throughout  the  length.  This  condition  is  hardly  ever  fulfilled,  because  the 
thickness  of  the  flanges  is  made  to  vary  for  the  purpose  of  economizing  material.  Yet  we 
generally  regard  calculations  made  on  the  hypothesis  of  a  constant  section  as  applying  with 
sufficient  approximation  to  a  case  in  which  the  section  varies.  It  is  then  prudent  not  to  reduce 
too  much  the  maximum  thickness  of  the  flanges,  which,  in  the  computation  of  weight,  will  amount 
to  forcing  a  little  the  coefficient  U. 

195.  In  the  particular  case  of  two  bays  each  equal  to  /,  and  loaded  respectively  with  pt  and  pt 

a  metre,  the  moment  of  rupture  upon  the  pier  will  be  —      *    —-2  —  • 

In  the  case  of  three  bays,  /„  /„  /„  the  respective  loads  of  which  are  /?„  p2,  ps,  we  have  for  the 
moments  /*,  and  ^  upon  the  first  and  second  pier 

/33         , 

'    * 


In  a  bridge  in  which  the  bays  are  numerous,  the  load  upon  one  of  them  has  a  considerable 
effect  upon  those  which  are  contiguous  to  it,  but  very  little  upon  the  others.  Thus  we  may,  with 
sufficient  approximation,  study  successively  each  bay  by  taking  into  account  the  two  next  and 
rejecting  the  others  ;  the  calculations  will  in  this  way  be  made  similar  to  those  for  bridges  of  two 
bays. 

196.  According  to  the  remark  made  in  section  84,  the  weight  of  the  flanges  of  a  girder  is  pro- 
portional to  the  mean  ordinate  G  of  the  locus  of  the  maximum  moments  of  rupture  in  absolute 
value,  and  the  vertical  portion  depends  generally  upon  the  mean  ordinate  G'  of  the  locus  of  the 
stress.  We  will,  therefore,  give  the  values  of  G  and  G',  applicable  to  bridges  of  several  bays,  and 
by  the  aid  of  which  the  computation  of  the  weight  of  the  girders  may  be  effected  without 
difficulty,  as  in  the  case  of  a  single  bay. 

Let  us  consider,  in  the  first  place,  a  bridge  of  unlimited  length,  consisting  of  an  infinite 
number  of  equal  bays.  Let  I  be  the  length  of  each  bay,  p  the  permanent  load  a  metre,  and  p'  the 
moving  load. 

The  load  p  will  by  itself  produce,  in  a  given  bay,  moments  of  rupture  represented  by  the  para- 

bola n  =  —£-  /  -  —  lx  +  x*  1  ;  the  supports  (x  =  0  and  x  =  T)  the  moment  is  —  ~  ,  it  is 

nul  at  the  abscissa  0'211  7,  and  takes  with  the  contrary  sign  the  value  *—?  in  the  middle  of  the 

bearing.  This  parabola  is  identical  in  form  with  that  which  we  should  have  for  a  bridge  of 
a  single  bay,  but  it  is  raised  in  such  a  manner  that  the  segment  which  remains  below  the  axis 
of  the  x's  is  equivalent  to  the  sum  of  the  two  segments  situate  above  this  axis,  and  having  the 
from  of  triangles,  one  side  of  which  is  curvilineal.  This  circumstance,  due  to  the  continuity  of 
the  girder  beyond  the  supports,  affects  only  the  flanges,  the  weight  of  which  is  diminished  by  it, 
but  it  has  no  influence  whatever  upon  the  vertical  portion. 
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As  to  the  load  p',  if,  in  the  first  place,  it  be  applied  exclusively  to  the  bay  under  consideration, 
A  B,  Fig.  1791,  it  will  give  upon  the  supports  A  and  B  momenta  of  rupture  equal  to  -  0  •  O528.p'  /», 
k.  im. 


•which  we  carry  above  the  axis  of  the  x'a,  and  which  will  determine  the  position  of  the  parabola  of 
the  parameter  -„  having  for  equation  p'  =  ^-j-  (I  —  x)  —  0'0528p'P. 

If  now  we  apply  the  load  p',  not  upon  A  B,  but  only  upon  the  contiguous  bay  to  the  left  of  A, 
the  moment  upon  A  will  retain  the  same  value,  that  in  a  line  with  the  support  B  will  take  the 
value  +  0'0141p'/*,  and  a  right  line  joining  the  summits  of  the  ordinates  to  the  supports,  and 
having  for  equation  p"  =  0  •  0669  ;/  Jar  —  Q-Q528p'P,  will  represent  the  moments  of  rupture  pro- 
duced in  the  bay  under  consideration.  If  we  consider  again  the  case  in  which  the  bay  A  B  and 
the  preceding  one  are  simultaneously  loaded,  to  the  exclusion  of  all  the  others,  the  moments  upon 
A  and  B  will  be  respectively  —  0*1056  £»'  P  and  —  0-0387  p'  P,  and  the  locus  of  the  intermediate 

moments  due  to  p'  will  be  the  parabola  p'"  =  —  £-=-  -f  0-5669  p'  Ix  —  0'1056p'  /2.    The  maxi- 

2i 

mum  moments  in  absolute  value  will  be  given  by  the  portions  of  the  curves  traced  in  full  linos 
upon  the  figure  ;  that  is,  by  ft"  between  the  limits  x  =  0  and  x  =  0  •  12  /,  by  p"  between  x  =  0  •  12  / 
and  0  •  235  /,  and  beyond  as  far  as  the  middle  by  //.  Upon  the  other  half  of  the  bay  the  same 
branches  of  the  curves  may  be  symmetrically  reproduced. 

If  we  add  the  moment  due  to  the  dead  weight  p,  as  it  changes  its  sign  at  the  abscissa  0*211  /, 
it  will  be  in  a  point  comprised  between  x  =  0'211  1  and  x  =  0-235/,  values  which  differ  but  little, 
so  that  the  resulting  positive  moment  will  begin  to  exceed  the  negative,  and  when  //'  should  be 
abandoned  for  /*'. 

The  area  comprised  between  the  axis  of  the  ar'sand  the  locus  of  the  absolute  maximum  moments 

is  equal  to  P(Q-QWQp  +  0-0296/)  for  the  half-bay,  and  dividing  by  -  we  obtain  the  reduced 

ordinate  G  =  P  (0-032  p  +  0-059^')  =  0-032  (p  +  p')  P(l  +  0-844-7). 

The  maximum  stress  corresponds  throughout  the  bay  to  /*'",  which  gives  by  differentiation 

F'"  =  -/*—  =  —  p'  x  +  0-5669.p'  I.    Adding  the  stress  due  to  the  permanent  load  p,  we  find  tho 
dx 

value  of  the  reduced  ordinate  of  the  limiting  stress  to  be 

G'  =  I  (0-25  p  +  0-3169  p')  =  0-25  (p  +  p")l(l  +  0-268?). 

1  97.  In  the  ordinary  cases  in  which  the  mean  weight  of  the  lineal  mfctre  of  girder  may  be  expressed 
by  formula  of  the  form  A  G  +  B  G'  +  C,  the  values  found  above  will  bo  substituted  for  G  and  G', 
and  for  A,  B,  C,  the  quantities  applicable  to  the  system  of  girder  adopted  and  determined  as  in 
bridges  of  a  single  bay. 

But  for  simple  approximative  computations  it  may  be  more  convenient  to  profit  by  the  roady- 
found  results  which  we  have  given  for  bridges  of  a  single  bay  ;  and  to  do  this,  we  must  know  the 
span  of  a  single-bay  bridge  the  mean  weight  of  which  per  lineal  metre  would  be  equivalent  to 
that  of  the  bridge  of  several  bays  under  consideration. 

Now,  in  the  case  of  a  single  bay  of  a  span  /',  the  mean  ordinate  of  tho  limiting  moments  of 

rupture  is  G,  =  -^  (  p  +  p')  l'\  and  that  of  the  stress  G',  =  ^  (p  +  p')  f  (l  +  g  ?)  .  Thus  for  the 

bridge  of  unlimited  length  considered  in  the  preceding  section,  we  may  make,  supposing  that  tho 
term  C,  which  is  always  small,  remains  constant, 

0-032  A  P  (1  +  0-844  ?)  +  0-25  B  1(1  +  0-268  ?)  =  ^  A'f+  ^BT  (l  +  - 

TV  A/1  B/ 

or    I*  +  3l  +     ?         .  r  -0-384(1  +  G'844?)  -      -  3(1  +  0-2G8?)  -,  =  0, 

shall  have  A  =    -        and  B  =  B'  =  2  1.    If  we  take  A  =  ~  and  U=  1  '25,  and  retain  these  values 


an  equation  whence  we  may  deduce  the  span  /'  of  the  auxiliary  bridge. 

198.  Suppose  the  case  of  multiple  lattice-girders  at  45°,  stiffened  by  special  vertic 
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for  the  auxiliary  bridere,  x>  lhat  WP  hftvo  A  =  A':  and  if  wo  tako  g  =  0-60,  ft  value  which  win  he 
generally  near  enough,  wo  shall  obtain  {'  =  0*803  /.  Thus,  under  these  conditions,  tlio  weight  a 
mJ>tre  of  a  bridge  of  numerous  boys  will  bo  evidently  tho  same  as  that  of  a  single  bay  equal  in 
length  to  0'8  of  ODD  of  the  bays  of  the  bridge  under  consideration,  and  having  girders  of  the  same 
height. 

For  example,  if  tho  bridge  of  unlimited  length  consists  of  bays  of  40  metres,  we  shall  have 
r  =  32  mitre*  Now,  by  interpolating  in  the  Tables  given  for  tho  case  of  one  bay,  we  may  esti- 
mate at  2300  kilogrammes  tho  weight  a  metre  of  a  bridge  of  32  metres,  composed  of  two  girders 
oi'3«'85  high  and  placed  beneath  the  rails,  if  we  suppose  the  depth  allowed  unlimited  (Table  XII.  E). 
As  this  height  of  3*85  differs  but  little  from  that  of  4  metres,  supposed  by  the  preceding  calcula- 
tion, we  may  admit  that  the  weight  of  2300  kilogrammes  a  metre  of  bearing  is  applicable  to  the 
unlimited  bridge  under  consideration. 

In  a  bridge  of  two  bays  each  eqtuu  to  i,  if  we  go  from  one  abutment  taken  as  the  begin- 
nin^  of  the  z's,  the  maximum  moment  in  absolute  value  will  bo  first  given  by  the  hypothesis 
that  the  bay  under  consideration  boars  alone  tho  full  load  p  +  p'  a  metre,  whilst  the  second  is 
reduced  to  the  permanent  load  p.  This  moment  is  then  expressed  by  the  equation 


6 
3 

From  x  —  -  /,  wo  must,  on  tho  contrary,  load  only  tho  second  bay,  and  wo  have  the  equation 

11  7 

M  •=  r-T  (—  Gp  +  ;/)  lx  +  --px*.    And  from  x  =  -  /  to  *  —  Z  we  have,  both  bays  being  loaded, 
lo  2  o 

M  =  Q  (P+  />*)(•*  *  —  3  /)  #•  Squaring  the  area  of  the  locus  of  tho  limiting  moments  and  dividing 

Q 

the  result  by  /,  wo  obtain  the  reduced  ordinate  of  tho  moments, 

G  =  /*  (0-0495  p  +  0-0702  ;>')  =  0'0495  (jo  +/)  I*  (1  +  0'418.7). 

For  the  stress,  tho  reduced  ordinate  will  be 

G'  =  /  (0  2656  />  +  0-2910//)  =  0-2656  (p  +  pr)l(l  +  0-096.  q). 

With  the  hypotheses  of  the  preceding  section,  we  should  find  as  the  bearing  of  the  auxiliary 
bridge  of  the  same  weight  a  metre  /'  =  0'883/,  a  value  which  should  be  increased  to  0-90  /  for 
example,  because  in  a  bridge  of  two  bays  we  should  increase  G'  if,  instead  of  confining  ourselves 
to  hypotheses  of  complete  loads  for  each  bay.  we  considered  besides  loads  extending  over  any 
portion  of  the  girder.  This  consideration  loses  its  importance  as  tho  number  of  the  bays  increases, 
because  then  the  several  hypothetical  loads  becoming  more  numerous  offer  more  varied  circum- 
stances. In  certain  cases  two  independent  bays  of  bow-girders  may  be  more  advantageous  than 
two  continuous  bays  of  straight  girders. 

200.  In  a  bridge  of  three  equal  bays,  if  /  is  the  length  of  bay,  half  the  length  of  the  bridge 

3 
will  be  L  =  -  /,  and  we  shall  have 


G=  L»  (0-0201  p-r-0-0319p')=0'0201(p  +  p')L2  (1  +  0-589.  ?)=0'452(;>  +  p')P  (l-f-0'589.  q)- 

and    G'  =  0'1711(/>+;/)L<;i+0-18S.g)  =  0-2567(;>  +  ;O'(l  +  0'188.?). 
With  the  same  data  as  for  the  preceding  cases,  we  find  /'  =  0'881  ./. 

201.  In  a  bridge  of  three  bays,  if  we  suppose  the  middle  one  equal  to  —  of  one  of  the  end  ones, 

a  small  saving  will  be  effected  over  the  arrangement  of  three  equal  bays,  for,  L  still  denoting  half 
the  length  of  the  bridge  (  =  1  '  625  times  an  end  bay),  we  shall  have 

G  =  L*  (.0-0188  p  +  0-0308  X)  and  G'  =  0'1749  (p  +  pO  L  (1  +  0-180.?). 

202.  For  a  bridge  of  four  equal  bays,  I  being  the  length  of  one  bay,  we  shall  have 

G  =  r  (0-0415/>  +  0-0693  //)  =  0*0415  (p  +  p")  I2  (1  +  0-67.?)  ; 
and    G'  =  /  (0-256p  +  0-31/O  =  0'256  (p  +/)/(!  +  0'22.g-). 


with  the  data  already  adopted  (198)  for  multiple  lattice-girders,  we  should  have  here 
T=  0  865 /. 

203  a.  For  bridges  of  more  than  four  bays,  the  weight  a  metre  will  be  the  same  as  for  a 
bridge  of  a  single  bay  having  a  bearing  between  the  values  of  /'  calculated  for  the  case  of  four 
bays,  and  for  that  of  an  unlimited  number  of  bays.  For  example,  for  five  bays,  with  the  same 
hypotheses  as  before,  we  might  take  /'  —  0  •  85  /. 

203  B.  In  computations  which  are  required  to  be  as  exact  as  possible,  the  weight  of  the 
girders  should  be  calculated  directly  by  formulae  in  which  G  and  G'  have  the  values  given  above 
according  to  the  number  of  bays.  In  general,  girders  resting  upon  several  supports  will  be  either 
of  multiple  lattice  or  of  crosses  or  cross-lattice.  In  the  former  case,  we  shall  have  as  the  mean 
weight  of  the  metre  of  girder  without  vertical  rods, 

2 

If  there  are  vertical  rods  placed  at  a  distance  5  from  each  other,  a  term  — — —  must  be  added, 

I 
supposing  the  sections  of  Fig.  1728  to  be  adopted. 

For  a  girder  of  crosses  or  cross-lattice,  without  vertical  rods,  we  shall  have  the  following 
approximative  formula,  more  general  than  those  of  sections  97  and  99' 
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N  denoting  the  number  of  crosses  in  a  bay  /.    If  there  are  vertical  rods,  they  must  be  taken  into 
account  by  a  term  — —  as  in  section  100,  r  being  the  weight  of  the  rod  a  metre. 

The  continuity  of  the  girders  from  one  bay  to  another  having  the  effect  of  lightening  the 
flanges,  whilst  it  tends  to  increase  slightly  the  vertical  portion,  a  less  height  should  be  adopted 
than  in  bridges  of  a  single  bay.  In  general  the  ratio  of  the  height  of  the  girders  to  the  length  of 

a  bay  will  not  exceed  —  • 

Figs.  1792  to  1801  are  of  the  principal  details  of  the  Chelsea  Suspension  Bridge, 
The  abutments  of  this  bridge  consist  of  a  mass  of  brickwork  and  concrete,  measuring  at  the 
base  112  ft.  in  length  by  56  ft.  broad,  and  at  the  top  100  ft.  by  46  ft.,  and  40  ft.  deep. 

The  face  of  the  abutment  adjoining  the  river  is  composed  of  cast-iron  piles  and  plates,  some- 
what similar  to  those  of  the  pier,  with  the  exception  that  the  ironwork  is  not  brought  above 
the  level  of  low  water. 

1792. 


179S. 


The  portion  of  the  abutment  on  which  the 
land  saddles  and  cradles  bear,  for  changing  /""^v 
the  direction  of  the  chains,  rests  upon  tim-  V. 
ber  piles,  14  in.  square,  driven  deep  into  the  * 
bed  of  the  river,  and  are  from  3  ft.  2  in. 
to  4  ft.  from  centre  to  centre :  these  piles  are 
cut  off  at  the  level  of  low  water,  16  ft.  below 
Trinity  high-water  mark,  and  the  spaces  be- 
tween filled  up  with  hydraulic  concrete ;  the 
cast-iron  and  timber  piles  are  tied  together 
with  wrought-iron  ties  3  in.  x  £  in.  On  the  , 
top  is  bedded  a  series  of  landings  forming  a 
table  at  the  level  of  low  water  53  ft.  6  in. 
X  27  ft.  x  6  in.,  upon  which  a  mass  of  brick- 
work is  erected,  up  to  a  mean  level  of  3  ft. 
below  the  level  of  the  roadway ;  upon  this, 
12  in.  landings  are  bedded  for  the  reception 
of  the  cradles  which  carry  the  saddles  on 
rollers :  the  cradles  are  bedded  in  asphalted 
felt,  and  firmly  secured  by  wrought-iron 
holding-down  bolts,  brought  up  through  the 
masonry  from  below.  An  invert,  springing 
from  beneath  each  saddle,  is  built  in  the 
brickwork  below,  so  as  to  distribute  equally 
the  pressure  from  the  cradles  over  the  whole 
area  of  the  foundation. 

The  mooring  chains  are  carried  down 
tunnels  to  the  moorings,  the  tunnels  forming 
an  angle  of  155°  with  a  horizontal  line.  The 
chains  are  secured  to  massive  cast-iron  moor- 
ing plates,  resting  against  three  courses  of 
12  in.  landings,  respectively  12  ft.  X  8  ft. 
9  in.,  16  ft.  x  12  ft.  6  in.,  and  20  ft.  X  16  ft 
3  in.  The  tunnels  are  contracted  at  tha 
bottom  by  elliptical  brick  domes,  thus  afford- 
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ing  a  complete  bearing  801- 

for  thnt  jiortion  of  the 
landings  at  the  end 
<>f  tin?  tunnel.  Thcso 
landings  rout  against 
a  mass  of  brickwork, 
with  inverts,  to  distri- 
bute the  pressure  over 
the  whole  area  of  the 
abutnu  nt. 

This  mass  of  brick- 
work rests  on  a  series 
of  timber  piles,  driven 
at  an  angle  of  65° 
with  a  horizontal  line ; 
the  tops  of  the  piles 
coining  up  above  the 
level  of  the  concrete, 
and  having  a  good 
bond  with  the  brick- 
work, by  which  means 
the  tendency  to  elide 
is  greatly  diminished, 
the  whole  spaces  be- 
tween the  masses  of 
brickwork  being  filled 
op  solid  with  concrete. 

The  Pier  Foundations, 
Figs.  1792,  1793.— The 
construction  of  the 
foundations  of  the  piers 
combines  all  the  advan- 
tages of  foundations  on 
bearing-piles,  made  by 
means  of  cofferdams, 
without  the  expense 
and  obstruction  to  the 
waterway  which  they 
involve,  and  which 
would  have  rendered 
their  use  at  Westmin- 
ster Bridge  all  but  im- 
practicable. 

The  foundations  of  the  piers  consist  of  timber  bearing-piles  14  in.  square,  driven  deep  into  the 
bed  of  the  river  nt  intervals  of  3  ft.  over  the  whole  area  of  the  pier,  varying  in  depth  from  40  ft.  G  in- 
to 25  ft.  below  the  level  of  low  water,  according  to  the  resistance  offered  by  the  bed  of  the  river. 

The  face  or  external  surface  of  the  piers  consists  of  a  cast-iron  casing  of  piles  and  plates 
driven  alternately ;  the  main  piles  are  12  in.  in  diameter  and  27  ft.  long,  with  longitudinal  grooves 
on  each  side  for  the  reception  of  the  plates.  These  piles  are  driven  to  a  uniform  depth  of  25  ft. 
below  the  level  of  low  water,  and  between  them  are  driven  cast-iron  plates  or  sheeting  7  ft.  2  in. 
wide,  so  that  the  pier  is  entirely  cased  from  the  foundations  to  the  top,  which  is  7  ft.  6  in.  above 
Trinity  datum.  The  space  enclosed  by  this  casing  is  then  dredged  to  the  hard  gravel  above  the 
clay,  and  filled  in  solid  with  concrete  up  to  the  level  of  the  top  of  the  timber  piles.  On  this 
foundation  a  flooring  of  stone  landings  is  bedded,  and  on  this  the  cast-iron  plates,  frames,  &c., 
forming  the  base  of  the  towers,  are  placed. 

The  portion  of  the  caisson  situated  above  low  water  is  hollow,  being  so  formed  to  avoid 
throwing  useless  weight  on  the  foundation,  and  is  merely  lined  with  brickwork,  strengthened  by 
cross-walls  and  iron  ties. 

The  whole  of  the  ironwork  below  the  water  was  covered  when  hot  with  a  protecting  coating  of 
tar.  The  thickness  of  metal  in  the  caisson  is  1  in. 

The  towers,  Figs.  1800,  1801,  which  support  the  chains  are  entirely  independent  of  the  orna- 
mental cast-iron  casing  surrounding  them,  and  consist  of  a  cast-iron  columnar  framing  strongly 
braced  both  horizontally  and  vertically,  carried  to  a  height  of  57  ft.  above  high  water. 

The  columns  are  cast  in  pairs  and  have  a  diameter  of  10  in.,  and  thickness  of  metal  of  1  in. 
They  are  arranged  in  clusters  of  fours,  and  the  whole  are  connected  with  six  horizontal  frames, 
occurring  at  intervals.  The  columns  are  not  vertical,  but  incline  towards  each  other  upwards 
from  either  side  of  the  pier,  the  columnar  framing  being  13  ft.  6  in.  at  the  base,  and  9  ft.  9  in.  at 
the  top.  In  the  direction  of  the  piers  the  columns  are  4  ft.  3  in.  apart,  and  rise  parallel  to  each 
other.  There  are  two  towers  on  each  pier,  32  ft.  from  centre  to  centre.  The  pressure  from  the 
chains  coming  directly  from  their  centre,  each  tower  carries  therefore  one-fourth  of  the  whole 
weight  of  the  bridge,  or  about  375  tons,  or  about  670  tons  when  the  bridge  is  completely  loaded ; 
the  sectional  area  of  the  columns  is  284  sq.  in.,  and  there  is,  therefore,  a  pressure  upon  them, 
when  the  bridge  i»  loaded,  of  2  •  36  tons  per  sq.  in.  of  section.  The  weight  of  the  towers,  exclusive 
of  the  ornamental  cast-iron  casing,  is  350  tons. 

On  the  towers  are  fixed  massive  cast-iron  cradles  upon  which  the  saddles  rest. 
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BRIDGE. 

TABLE  II.— DOCBLK-FLANGED  WBOUGHT-IRON  GIRDERS  WITH 


8C7 


Height. 

ir^ 

Vertical 
Rib. 

Four  Angle- 
irons  of 

Two 
Flanges  ol 

Moment 
of  Resist 
.  ance  for 
R  = 
6000000. 

Weight 
the 
Lineal 
Metre. 

Height. 

Vertical 

Kib. 

Four  Angle, 
irons  of 

Two 

1  ...  .  -,.« 

'•'•   •  I 
orUetJti 

r.i:  ••  :  - 
R» 

f  • 

.  W*  fghl 
the 

i   .: 

Meire. 

0-200 

mill. 
200/6 
200/6 

mill. 
60/60/9 
70/70/10 

mill. 

1890 
2320 

kilos. 
40 
50 

0™350 

milt 
290/10 

mill 
100/100/12 

mill. 
300/30 

20964 

kilo*. 

IM 

» 

200/10 
200/8 
200/8 
200/10 
200/10 
180/6 
180/10 
180/10 
160/10 

70/70/10 
80/80/10 
80/80/11 
110/70/10 
110/70/11 
70/70/10 
70/70/10 
110/70/11 
100/70/10 

160/10 
200/10 
230/10 
250/20 

2478 
2630 
2820 
3146 
3593 
3528 
4078 
5288 
6710 

56 
60 
64 
69 
74 
74 
86 
108 
135 

0-400 

400/6 
400/6 
400/8 
400/10 
400/10 
380/10 
380/10 
380/10 
380/10 

70/70/10 
80/80/10 
110/70/10 
100/100/12 
100/65/14 
70/70/10 
80/80/10 
70/70/10 
80/80/10 

200/10 
200/10 
250/10 
300/10 

6020 
6663 
8165 
9730 
10085 
10453 
11022 

13305 

90 
M 
78 
102 
97 
102 
107 
109 

us 

D-C20 

200/8 

CO/60/10 

150/10 

3763 

70 

., 

380/10 

100/100/12 

250/10 

14311 

139 

,  , 

160/12 

110/70/11 

300/30 

10888 

210 

» 

380/10 

100/100/12 

300/10 

15452 

147 

0-250 

250/6 
250/6 
250/6 
250/10 
230/8 
230/10 
210/10 
230/10 
250/10 
210/10 

60/60/10 
70/70/10 
80/80/10 
110/70/11 
70/70/10 
80/80/10 
70/70/10 
70/70/10 
140/70/16 
110/70/11 

200/10 
200/10 
150/20 
200/30 

300/20 

2830 
3175 
3500 
4870 
5455 
5826 
6055 
8754 
7677 
10864 

46 
52 
59 
78 
86 
96 
104 
149 
116 
168 

•• 

360/10 
360/10 
360/10 
340/10 
360/10 
340/10 
360/10 
340/10 
340/10 
340/10 

80/80/10 
100/100/12 
80/80/10 
80/80/10 
100/100/12 
100/100/12 
100/100/12 
80/80/10 
100/100/12 
100/100/12 

200  -" 

250  •_.» 
300/20 
250/30 
300/20 
250/30 
B90  -'i 
300/30 
300/30 
350/30 

16513 

;  20378 

22021 
22784 

23460 
25106 

28195 

153 
177 
169 
190 
192 
214 
20S 
214 
B7 
261 

• 

190/10 

110/70/11 

300/30 

13063 

213 

0'  450 

450/6 

70/70/10 

,, 

7039 

62 

0-300 

300/6 

70/70/7 

... 

3126 

43 

" 

450/6 
450/10 

80/80/10 
80/80/10 

•• 

7795 
BOM 

68 

n 

» 

300/6 

60/60/9 

3365 

45 

1  1 

450/10 

110/70/10 

9125 

88 

.  , 

300/6 

60/60/10 

. 

3630 

48 

t  1 

450/10 

100/100/12 

11455 

106 

»» 

300/6 

70/70/10 

. 

4036 

55 

,  , 

430/10 

70/70/10 

200/10 

121'.!* 

105 

n 

300/6 

80/80/10 

. 

4513 

61 

,  , 

430/10 

80/80/10 

200/10 

irj 

>  > 

300/6 

110/70/11 

. 

5860 

72 

, 

430/10 

80/80/10 

800/10 

154C4 

1-J7 

9  1 

300/6 

100/100/12 

6125 

85 

430/10 

100/100/12 

250/10 

H!7:it 

143 

,, 

280/10 

70/70/10 

150/10 

6282 

86 

430/10 

100/100/12 

850/10 

19316 

,, 

280/10 

70/70/10 

250/10 

7970 

102 

_ 

390/10 

70/70/10  200/30 

19704 

175 

,  , 

280/10 

80/80/10 

250/10 

8328 

108 

390/10 

SO/80/10  250/30 

23778 

IM 

,, 

280/10 

80/80/10 

300/10 

9170 

115 

( 

390/10 

80/SO/10  300/30 

27::  12 

218 

,, 

260/10 

80/80/10 

200/20 

9724 

130 

>  i 

390/10 

100/100/15 

350/30 

34338 

281 

»  > 
•  » 

280/10  ' 
260/10 

100/100/12  300/10 
80/80/10  250/20 

10530 
11295 

140 
145 

0-480 

480/8 

80/80/10 

.. 

8952 

77 

>  f 

240/10 

70/70/10 

200/30 

11370 

153 

0-500 

500/6 

70/70/8 

„ 

.Ssp 

57 

»  > 

260/10 

80/80/10 

300/20 

12866 

161 

f  t 

500/6 

70/70/10 

.  . 

9068 

C4 

)  > 

260/10 

100/100/12 

300/20 

14000 

185 

•  i 

500/8 

70/70/10 

M 

MM 

72 

>  > 

240/10 

80/80/10 

300/30 

16006 

206 

500/10 

80/80/10 

.. 

M; 

a-  330 

330/8 

90/90/11 

.. 

6258 

79 

t 

500/10 
500/10 

110/70/10 
100/100/12 

•• 

113i>7 

M 

110 

0-350 

350/6 

50/50/7 

.. 

3240 

36 

480/10 

70/70/10 

200/10 

M004 

109 

»  > 

350/6 

60/60/10 

.. 

4470 

51 

, 

480/10 

80/80/10 

2(M»/10 

.4MK) 

115 

,  , 

350/6 

70/70/8 

.. 

4261 

50 

, 

480/8 

80/80/10  2.r>0  ID 

15796 

116 

,  , 

350/6 

70/70/10 

5034 

57 

i 

480/8 

80/80/10  ::<"•  10 

17681 

181 

,  , 

350/6 

80/80/10 

,, 

5568 

63 

i 

480/8 

100/100/12  250/10 

ism 

HO 

,  , 

350/6 

110/70/10 

.  . 

6618 

70 

t 

480/8 

100/100/12  800/10 

10068 

147 

,  , 

330/10 

70/70/10 

150/10 

7764 

90 

i  » 

460/10 

80/80/10  250/20 

219M 

i<;i 

,  , 

350/10 

100/100/12 

1  t 

8071 

98 

>  i 

480/8 

100/100/12  850/10 

•j.i<  i 

155 

,  , 

330/10 

70/70/10 

200/10 

8760 

98 

1  1 

440/10 

70/70/10  200/80 

168 

»  > 

330/10 

80/80/10 

200/10 

9222 

104 

•Hid  JO 

100/100/12  2AO/20 

NAM 

185 

I  > 

330/10 

80/80/10 

300/10 

11205 

119 

, 

460/10 

80/80/10  300/20 

176 

>  1 

320/6 

70/70/10 

250/15 

11298 

114 

, 

440/10 

80/80/10  250/HO 

U'7>M8 

188 

)  » 

310/8 

70/70/10 

250/20 

12743 

138 

, 

•jr...  in 

100/100/12  800/20 

274«1 

800 

,  , 

330/10 

100/100/12 

300/10 

12950 

143 

t 

4.:..  ID 

ion  nm  !•_• 

B50  M 

30228 

216 

>  » 

310/10 

80/80/10 

850/20 

13867 

149 

t 

440/10 

80/80/10 

BOO  :<" 

BIStt 

HI 

)  > 

310/8 

100/100/12 

250/20 

15365 

168 

> 

MM  |D 

100/100/12 

MO  ::n 

M6I  .' 

•245 

)  1 

310/8 

70/70/10 

300/20 

15716 

154 

t 

420/10 

100/100/12 

MO  i" 

MM! 

'.'.  '.! 

J  > 

310/8 

100/100/12 

800/20 

17234 

183 

t 

440/10 

100/100/12 

:.....  M 

17044 

2G8 

»  > 

310/8 

100/100/12 

350/20 

19103 

199 

440/10 

100/1' 

850/80  80873 

290/10 

80/80/10 

300/30 

19G92 

210 

t 

440/10 

100/100/1* 

400/30  4 

O  -  rt 

.,:-; 
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TABLB  IL— DOCBLB-FLANGED  WRorGirr-iKON  GIRDERS  WITH  ANGLE-IRON— continued. 


Hrlght 

Vertical 

Kit) 

FOOT  Angle- 
irons  of 

Two 
Flanges  of 

Moment 
of  Resist' 
anoe  for 
K  = 

60011000 

i  Weigh 
tin- 
I.in.'M 
Metre. 

Height. 

Vertical 
Hib. 

Fonr  Angle- 
irons  of 

Two 
Flaiiges  of 

Moment 
of  Keslst 
ance  for 

K  = 
6000000 

WoiRht 

the 
Metre, 

ratlL 

mill. 

mill. 

kilos. 

m 

mill 

mill 

mill 

0-500  «0/10 

100/100/12 

350/40 

44385 

322 

0  800 

740/10 

70/70/10 

200/30 

41286 

192 

u-.-.-.  * 
1  1 
t  • 

i  § 

550/6 
6M  •* 

580  ID 

4:'0  M 

70/70/10 
80/80/10 
70/70/10 
70/70/10 

200/10 
200/30 

9174 
107G4 
15858 
25590 

66 
81 
113 
172 

•• 

780/10 
740/10 
740/10 
740/10 

100/100/15 
80/80/10 
80/80/10 
100/100/15 

400/10 
250/30 
300/30 
400/30 

46326 
49278 
55956 

777% 

210 
226 
245 
332 

t  • 

530/10 

80/80/10 

250/10 

18360 

127 

0-850 

850/8 

70/70/10 

.. 

17784 

04 

t  » 

490/10 

80/80/10 

250/30 

30774 

202 

•  i 

850/8 

80/80/10 

.. 

19470 

100 

80/80/10 

BOO/80 

35202   225 

t  • 

830/10 

70/70/10 

200/10 

28104 

137 

t  » 

530/10 

100/100/15 

350  '10 

27378   183 

830/10 

80/80/10 

250/10 

33000 

151 

t  • 

490/10 

100/100/15 

400/30 

4893G   312 

•  > 

830/10 

80/80/10 

300/10 

34692 

158 

0-GOO 
1  1 

000  <: 
BOO  «; 

70/70/10 
80/80/10 
90/90/10 

• 

10296   69 
11393  :  75 
124GO   81 

•  > 
•  i 

830/10 
790/10 
790/10 

100/100/15 
80/80/10 
100/100/15 

400/10 
250/30 
400/30 

49962 
53142 
83742 

214 

225 
335 

1  1 

BOO  !<> 

80/80/10 

12834  ,  94 

0-900 

900/8 

70/70/10 

.. 

19260 

97 

t 

600  H 

100/100/12 

169b3   H7 

,  , 

900/8 

80/80/10 

210G6 

103 

, 

980  •; 

80/80/10 

200/10 

17497   105 

>  i 

880/10 

70/70/1  1) 

200/10 

30324 

HO 

, 

r.xi  10 

70/70/10 

200/10 

17778   117 

>  i 

880/10 

80/80/10 

250/10 

34G86 

154 

, 

r.x)  in 

80/80/10 

250/10 

20538 

131 

t  » 

880/10 

80/80/10 

300/10 

37326 

1G2 

, 

580/10 

80/80/10 

300/10 

22279 

139 

1  1 

840/10 

70/70/10 

200/30 

47934 

200 

, 

580  in 

100/100/12 

250/10 

24380 

155 

>  » 

•  880/10 

100/100/15 

400/10 

53646 

218 

i 

580/10 

100/100/12 

350/10 

27861 

170 

t  > 

840/10 

100/100/15 

400/30 

89748 

340 

i 
»  t 

540/10 
580/10 
540/10 
540/10 
540/10 
540/10 

70/70/10 
100/100/15 
80/80/10 
80/80/10 
100/100/15 
100/100/15 

200/30 
350/10 
250/30 
800/30 
350/30 
400/30 

28620 
30588 
34368 
39246 
49704 
54582 

176 
187 
206 
229 
293 
316 

0  950 

T 

950/8 
950/0 
930/10 
890/10 
930/10 
890/10 

70/70/10 
80/80/10 
70/70/10 
70/70/10 
100/100/15 
100/100/15 

200/10 
200/30 

400/10 
400/30 

20778 
22704 
32592 
51330 
573DO 
95808 

100 
106 
144 

204 
222 
343 

0-650 
>  » 
1  1 
»  t 
•  t 
» 
t  • 
1  1 

650/8 
650  •; 
650/10 
650/10 
630/10 
630/10 
630/10 
590/10 
630/10 

70/70/10 
80/80/10 
80/80/10 
100/100/12 
70/70/10 
80/80/10 
80/80/10 
70/70/10 
100/100/15 

200/10 
250/10 
300/10 
200/30 
350/10 

12282 
12659 
14348 
18937 
19740 
22764 
24654 
31704 
33858 

81 
78 
98 
121 
121 
135 
143 
180 
190 

i-ooo 

1000/8 
1000/8 
1000/7 
980/10 
980/10 
980/10 
940/10 
940/10 

70/70/10 
80/80/10 
100/100/12 
70/70/10 
80/80/10 
80/80/10 
70/70/10 
100/100/15 

200/10 
250/10 
300/10 
200/30 
400/30 

22338 
26382 
31082 
34914 
39810 
42750 
54786 
101922 

103 
125 
125 
148 
1G2 
170 
208 
347 

«> 

590/10 
590/10 

80/80/10 
100/100/15 

300/30 
400/30 

43338 
60294 

233 
320 

1-100 

1080/10 
1080/10 

80/80/10 
100/100/15 

300/10 
350/10 

48384 
65676 

178 
226 

0  700 

700/8 

70/70/10 

M 

13584 

84 

.1 

1040/10 

100/100/15 

400/30 

114312 

355 

'.'. 
•  • 

0  750 

700/8 
680/10 
700/10 
680/10 
680/10 
680/10 
640/10 
640/10 

750/8 

80/80/10 
70/70/10 
100/100/12 
80/80/10 
80/80/10 
100/100/15 
80/80/10 
100/100/15 

70/70/10 

200/10 

250/10 
300/10 
400/10 
300/30 
400/30 

14934 
21756 
21924 
25044 
27084 
39216 
47478 
66072 

14952 

90 
125 
125 
139 
147 
202 
237 
324 

RS 

1-200 

>  > 
t  • 

1-250 

1200/10 
1180/10 
1180/10 
1140/10 

1230/10 
1230/10 
1230/10 
1190/10 

100/100/12 
100/100/12 
100/100/15 
100/100/15 

80/80/10 
100/100/15 
100/100/15 
100/100/15 

300/10 
400/10 
400/30 

300/10 
350/10 
400/10 
400/30 

43854 
64860 
76866 
126906 

57204 
77220 
80910 
133284 

1G4 
2JO 
241 
3(J3 

190 
237 
245 

3(J7 

,  , 

750/8 

80/80/10 

1G404    94 

1-300 

1300/10 

100/100/12 

.. 

49059 

172 

,, 

730/10 

70/70/10 

200/10 

23820   129 

>  » 

1280/10 

100/100/12 

300/10 

72460 

219 

,, 

730/10 

80/80/10 

250/10 

27378   143 

,  , 

1280/10 

100/100/15 

350/10 

81168 

241 

,, 

730/10 

80/80/10 

300/10 

21)568   150 

,  , 

1280/10 

100/100/15 

400/10 

85008 

249 

>  • 

690  lo 

70/70/10 

200/30 

38040  '  188 

>  > 

1180/10 

100/100/12 

300/60 

1894GO 

452 

•• 

730/10 
690/10 
690/10 
690/10 

100/100/15 
80/80/10 
80/80/10 
100/100/15 

400/10 
250/30 
300/30 
400/30 

42744 
45468 
51690 
71904 

206 
218 
241 
328 

1-400 

»  i 

1380/10 
1380/10 
1880/10 

1380/10 

100/100/12 
80/80/10 
100/100/15 
100/100/15 

300/10 
300/10 
350/10 
400/10 

79660 
66480 
89220 
93360 

226 
201 
249 

257 

0  SOO 

800/8 

70/70/10 

.. 

16350 

91 

ii 

1280/10 

100/100/12 

300/60  ! 

205660 

460 

r  t 

«  ; 

•  » 

»  ! 

800/8 
800/10 
780/10 
780/10 
780/10 

80/80/10 
100/100/12 
70/70/10 
80/80/10 
80/80/10 

200/10 
250/10 
300/10 

17922 
25116 
25938 
29766 
32106 

97 
133 
133 
147 
154 

1-500 

»  t 
>  i 

1500/10 
1430/10 
1480/10 
1480/10 
1380/10 

100/100/12 
100/100/12 
100/100/12 
100/100/15 
100/100/12 

300/10 
400/10 
400/10  ] 
400/60  '5 

60100 
87100 
96100 
[01916 
576100 

187 
242 
250 
264 

467 

i       1 

BRIDGE. 
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TABLE  III.  (14). — MOMENT  OF  RESISTANCE  OF  FOCR  ANGLE-IRONS  (Two  TO  EACH  FLANGE)  FOR 

R  =  6000000. 


H.-ight. 

Angle-iron  of 

Angle-iron  of 

Height 

Angle-Iron  of 

Angle-iron  of 

m. 

o™40o 

5703 

8131 

0-9CO 

15662 

23007 

0-410 

5757 

8389 

0-970 

15841 

2327G 

0-420 

6053 

8649 

0-980 

16020 

23544 

0-430 

6229 

8909 

0-990 

16200 

23813 

0-440 

6405 

9169 

1-000 

16380 

24082 

0-450 

6580 

9430 

1-010 

16559 

24350 

0-460 

6756 

9692 

1-020 

16738 

24620 

0-470 

6933 

9953 

1-030 

16917 

24888 

0-480 

7109 

10216 

1-040 

17096 

25157 

0-490 

7285 

10479 

1-050 

17275 

25426 

0-500 

7462 

10741 

1-060 

17454 

25695 

0-510 

7639 

11004 

1-070 

17633 

25965 

0-520 

7816 

11267 

1-080 

17813 

26234 

0-530 

7993 

11531 

1-090 

17992 

26503 

0-540 

8170 

11795 

1-100 

18171 

26772 

0-550 

8347 

12059 

1  110 

18351 

27041 

0-560 

8524 

12323 

1-120 

18530 

27310 

0-570 

8702 

12588 

1-130 

18710 

27579 

0-580 

8879 

12853 

1  140 

18889 

27848 

0-590 

9057 

13118 

1-150 

19068 

28117 

0-600 

9235 

13383 

1-160 

19247 

28386 

0-610 

9412 

13648 

1-170 

19427 

28655 

0-620 

9590 

13914 

1-180 

19606 

28925 

0-630 

9768 

14180 

1-190 

19785 

29195 

0-640 

9946 

14446 

1-200 

19965 

29464 

0-650 

10124 

14712 

1-210 

20144 

29733 

0-660 

10302 

14978 

1-220 

20324 

30003 

0-670 

10480 

15244 

1-230 

20503 

30272 

0-680 

10658 

15510 

1-240 

20683 

30542 

0-690 

10836 

15777 

1-250 

20862 

30811 

0-700 

11014 

16044 

1-260 

21041 

31081 

0-710 

11192 

16311 

1-270 

21220 

31350 

0-720 

11370 

16578 

1  280 

21400 

31620 

0-730 

11549 

16845 

1-290 

21580 

31889 

0-740 

11727 

17112 

1-300 

21760 

32159 

0-750 

11906 

17379 

1-310 

.. 

32428 

0-760 

12085 

17646 

1-320 

.. 

32698 

0-770 

12264 

17914 

1-330 

.. 

82968 

0-780 

12443 

18182 

1-340 

.. 

33237 

0-790 

12622 

18450 

1-350 

.. 

33507 

0-800 

12800 

18717 

1-360 

.. 

33776 

0-810 

12973 

18985 

1-370 

.. 

34046 

0-820 

13157 

19253 

1-380 

.. 

34315 

0-830 

13336        1952° 

1.390 

.. 

84585 

0-840 

13515        IS?88 

1-400 

.. 

84855 

0-850 

13694 

20056 

1-410 

.. 

35125 

0-860 

13873 

20324 

1-420 

,, 

35395 

0-870 

14052 

20592 

1-430 

.. 

35665 

0-880 

14230 

20860 

1-440 

.. 

35935 

0-890 

14409 

21128 

1-450 

., 

HU206 

0-900 

14588 

21397 

1-460 

.. 

36475 

0-910 

14767 

21665 

1-470 

,, 

36745 

0-920 

14946 

21933 

1-480 

.. 

37015 

0-930 

15125 

22202 

1-490 

.. 

37285 

C-940 

15304 

22470 

1-500 

•• 

37555 

0-950 

15433 

22738 

870 
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TABLE  IV.  (20).— TABLE  OF  SECTIONS  FOR 


fc  =  o«»-aoo. 

fc  =  0">-250. 

fc  =  0m-300. 

fc  =  0m-350. 

/=1»-500 
(M=  - 

Vcrticnl  rib  .  . 
Angle-irons.. 
P  

200/10 
80/80/10 
57k 

250/8 
70/70/8 
45 

/=  1--750J 
(M  =  3255)  1 

1  Vertical  rib.. 
Angle-irons 
P   

200/12 
110/70/10 
6G 

250/8 
70/70/10 
52 

/=2—  000 
(M  =  3750) 

Vertical  rib.. 
Anglo-irons  .  . 
P   

200/10 
110/70/11 
70 

250/10 
80/80/10 
G2 

300/7 
70/70/8 
46 

•• 

/=  2«-250 
(M  =  -1-J.M) 

Vertical  rib.. 
Angle-irons  .  . 
Flaugcs 
P   

180/10 
60/60/10 
230/10 
7D 

250/8 
110/70/10 

65 

300/8 
70/70/10 

57 

•• 

/  =  2™-500 
(M  =  4'JoO)  ' 

!  Vertical  rib 
Angle-irons.. 
Flanges 
1J  

176/10 
60/60/10 
250/12 
90 

250/12 
110/70/11 

78 

300/10 
30/30/10 

66 

350/6  • 
70/70/10 

54 

/  =  2""750 
(31  =  5825)  j 

'Vertical  rib  .  . 
Angle-irons 
Flanges 
P  

230/10 
80/80/10 
200/10 
90 

300/6 
110/70/11 

68 

350/8 
80/80/10 

66 

/  =  3™-000  I 
(M  -  6735) 

Vertical  rib 
Angle-irons 
Flanges 
P   

226/8 
70/70/10 
250/12 
97 

280/7 
70/70/10 
200/10 
82 

350/8 
110/70/10 

70 

/  =  3"  -250 
(M  ^  7670) 

Vortical  rib.. 
Angle-irons  .  . 

r'M^e 
P  

220/10 
70/70/10 
250/7 
250/8  s'2m-  60 
104 

234/10 

80/80/10 
250/8  sr2m-  60 

91 

334/7 

70/70/10 
200/8  ff  2™  -50 

75 

1  =  3»-500 
(M  =  So05) 

Vertical  rib..      .. 
Angle-irons 
Flanges 
P   

•• 

280/8 
70/70/10 
300/10 
100 

331/6 
70/70/10 
250/8  a'  2'"  -80 
80 

/  =  3™-750 
(M  =  9570) 

Vertical  rib.. 
Angle-irons  .  . 

£-f{ia$s: 

•• 

260/8 
70/70/10 
210/10 
210/10  sr2m  -70 
109 

324/8 
70/70/10 
200/13  ff  S^-IO 

93 

/  =  4™-000 
(M  =  10530) 

Vertical  rib.. 
Angle-irons 
Flanges 
P   

•• 

•• 

280/10 
100/100/12 
300/10  sT3m-  10 
126 

330/8 
80/80/10 
270/10  s'3m-  10 
98 

I  =  4--250 
(M=11515) 

Vertical  rib 
Angle-irons  .  . 

Flanges  H8*/1?*6 
\  2nd  plate 

.. 

.. 

272/6 
80/80/10 
300/14 

120 

320/7 
80/80/10 
250/7 
250/8  sr  3m-00 
111 

/  =  4—500 
(M  =  18500) 

Vertical  rib 
Angle-irons.. 

£-•"{£55: 

-• 

•• 

250/10 
80/80/10 
250/12 
250/13  s<  3-30 
147 

310/8 
70/70/10 
250/10 
250/10  sr  3m-20 
124 

f=5""000 
(M  =  14500) 

/Vertical  rib.. 
1  Angle-irons  .. 

Flanges  (i^P^f 
\  2nd  plate 

IP  

.. 

•  « 

,, 

314/7 
80/80/10 
800/9 
300/0  sr3m  40 
131 
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A  =  0m-400. 

h  =  0m  -450. 

fc  =  0m-500. 

fc  =  0m.550. 

A  =  0m-600. 

A  =  Cm-CJO. 

A  =  o™-7oa 

- 

•• 

•• 

•• 

.. 

., 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

400/6 
70/70/10 

56 

•• 

•• 

•• 

•• 

400/7 
80/80/10 

66 

450/6 
70/70/10 

60 

•• 

„ 

.. 

•• 

400/10 
80/80/11 

80 

450/6 
80/80/10 

65 

•• 

•• 

~ 

•• 

400/8 
110/70/11 

80 

450/10 
80/80/10 

80 

500/8 
70/70/10 

70 

•• 

*  * 

400/8 
100/100/12 

93 

450/12 
80/80/11 

92 

500/8 
80/80/10 

76 

•• 

»  . 

•  • 

380/10 
70/70/10 
200/1  Osr  3™  00 
92 

450/6 
100/100/12 

89 

500/8 
110/70/10 

83 

500/8 
80/80/10 

80 

600/7 
70/70/10 

72 

•• 

"  * 

384/8 
80/80/10 
280/8.8'  3""  20 

95 

432/8 
70/70/10 
200/9  sr  3m-  10 

87 

500/8 
110/70/11 

90 

550/10 
80/80/10 

88 

600/7 
80/80/10 

73 

" 

•• 

380/7 
80/80/10 
300/10  8»3m'  70 

105 

434/8 
80/80/10 
250/8  B'3m  20 

94 

484/8 
70/70/10 
200/8  ar  3m:10 

87 

688/8 
70/70/8 
180/6  s'  2»-  70 

76 

COO/10 
80/80/10 

92 

650/6 
80/80/10 

76 

•• 

374/8 
80/80/10 
300/138'  4m-20 

120 

426/8 
80/80/10 
240/6  s'  4""  00 
246/6s'  2""  80 
94 

484/8 
80/80/10 
250/88-  3™  -50 

97 

532/8 
70/70/10 
200/9  ar  3"  "50 

92 

600/6 
100/100/12 

96 

650/10 
80/80/10 

96 

TOO  , 
80/80/10 

90 

872 
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TABLE  V.  (23). — CKOSS-GIKUEIW  FOB  THBBE-GIRDEU  BI:IIH;I;S. 


Dictance 
between  the 

.   •   M  r.    •-. 

and  Moim-nU 
of  Rupture. 

1!     .!.: 
of  ihe 
i  •      - 
girder. 

Section. 

Weight 

Vertical 

Angle-Irons. 

Flanges. 

Of  a 

Cross- 
girder  to 
one  line 

of  Kails. 

OftbeCro*. 
ginl«ra  tua 
Lineal 
M.-ue 
of  Fluormg 
undrr  two 
line*  of 
Hail*. 

First  Plate 

of 
4  metres 
lung. 

Second  Plate. 

Third  Plate. 

1»-500 

o"soo 

mill. 
260/10 

mill. 
80/80/10 

280/10 

280/10  8f  3™  -000 

.. 

kilos. 
C70 

kilos. 

(M  =  12090)   0-350 

310/8 

70/70/10 

240/10 

240/10  ff  3"  -000 

COO 

800 

0-400 

380/10 

80/80/10 

250/10 

.. 

570 

760 

0-500 

500/6 

100/100/12 

•• 

495 

CCO 

2-»-000 

0-300 

248/10 

80/80/10 

300/13 

300/13  sr  3™  -000 

.. 

780 

780 

(M  =  14950)   0-350 

310/10 

80/80/10 

300/10 

300/10  sr  3™  -000 

.. 

680 

680 

0-400 

376/10 

80/80/10 

290/12 

630 

630 

0-500 

480/10 

80/80/10 

200/10 

.. 

580 

580 

0-600 

600/6 

100/100/12 

•• 

•• 

530 

530 

"2™  -500 

0-300 

240/12 

80/80/10 

300/10 

300/10  8r3m-  400 

300/10  sr2m-  600 

840 

(J70 

(M  =  16500) 

0-400 

360/10 

80/80/10 

250/10 

250/10  sr  2™  -800 

.. 

670 

540 

0-500 

480/10 

80/80/10 

260/10 

620 

500 

0-600 

600/10 

100/100/12 

•• 

610 

490 

3--000 

0-400 

380/10 

100/100/12 

350/10 

.  . 

730 

490 

(M  =  17800) 

0-500 

484/8 

100/100/12 

250/8 

650 

435 

0-600 

580/10 

70/70/10 

200/10 

.. 

COO 

400 

0-700 

700/6 

100/100/12 

•• 

560 

375 

3™  -500 

0-400 

360/10 

80/80/10 

300/10 

300/11  sr2m-800 

740 

425 

(M  =  19240) 

0-500 

480/8 

100/100/12 

250/10 

.. 

G80 

390 

0-600 

580/6 

80/80/10 

250/10 

.. 

.. 

580 

370 

0-700 

700/7 

100/100/12 

.. 

580 

370 

0-800 

800/8 

80/80/11 

570 

325 

4--000 

0-400 

360/10 

100/100/12 

300/10 

300/10  s'2m-  700 

f  . 

820 

410 

(M  =  20540) 

0-500 

480/8 

100/100/12 

300/10 

710 

355 

0-600 

580/10 

80/80/10 

250/10 

.. 

.. 

660 

330 

0-700 

700/10 

100/100/12 

.. 

.. 

655 

330 

0-800 

800/10 

80/80/11 

.. 

.. 

620 

310 

0-850 

850/8 

80/80/11 

590 

295 

4™  -500 

0-500 

460/10 

80/80/10 

250/10 

250/10  sr  2™  -700 

715 

320 

(M  =  21700) 

0-600 

580/8 

80/80/10 

300/10 

650 

290 

0-700 

700/10 

100/100/12 

.. 

.. 

.. 

655 

290 

0-900 

900/8 

80/80/11 

•• 

•• 

610 

270 

5""000 

0-600 

580/8 

80/80/10 

340/10 

.. 

.. 

675 

270 

(M  =  22750) 

0-700 

680/8 

80/80/10 

220/10 

.. 

645 

260 

0-800 

800/7 

100/100/12 

.. 

.. 

620 

250 

0-900 

900/8 

80/80/12 

625 

250 
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Distance 
between  the 
Cross-girders, 
and  Moments 
of  Rupture. 

Height 
of  the 
Cross- 
girder. 

Section. 

Weight  of 
the  Croes- 

f  •  :   -  •   \ 
Mi-tre  of 
Flooring. 

Vertical 
Rib. 

Angle-irons. 

Flanges. 

First  Plate. 

Second  Plate. 

Third  Plate. 

2m-000 

0™600 

540/10 

80/80/10 

310/10 

310/10  s^"-  300 

310/10  s»  5—  000 

kilos. 

8TO 

(M  =40250) 

0-700 

640/10 

80/80/10 

250/10 

250/10  sr6m-  000 

250/10  s'  5»-  000 

840 

0-800 

740/10 

70/70/10 

200/10 

200/10  a*  5""  800 

200/10  s'  4»-  800 

820 

0-900 

880/10 

80/80/10 

320/10 

785 

3m>000 

0-600 

540/10 

100/100/15 

350/10 

350/10  sf  G«-  200 

350/10  sf  5"°-  200 

740 

(M  =  47950) 

0-800 

740/10 

80/80/10 

250/10 

250/108*  6"  -000 

250/10  a*  4-  -800 

600 

1-000 

974/10 

80/80/10 

300/13  s'  6»-  000 

.. 

530 

4m-000 

0-800 

740/10 

80/80/10 

300/10 

300/10  s'  6»-200 

300/10  sf  5™  -000 

490 

(M  =  55300) 

1-000 

1000/8 

100/100/12 

220/9  s'  5™  -800 

220/9  sM--  500 

.. 

410 

1-000 

1000/8 

80/80/10 

250/10 

250/10  8r4m-  800 

400 

5m'000 

1-000 

1000/8 

100/100/12 

250/10  sr  6™  -000 

250/10  8r  4™  -600 

.. 

340 

(M  =  61250) 

TABLE  VII.  (31). — CROSS-GIRDERS  FOR  ROAD  BRIDGES. 


Bearing  of 
the  Cross- 
girder. 

Height 
of  the 
Cross- 
girder. 

Distance 
between  the 
principal 
Girders. 

Moment 
of 
Rupture. 

Section. 

Weipht  of 

:!,.  • 

•Mm 

r.-i     ..,i 
WB  ,: 
Flooring. 

Vertical 
Rib. 

Angle-irons. 

FUnge*. 

First  Plate. 

Second  Plate. 

metres. 
3-000 

m. 

0-250 

m. 

3-400 

3600 

mill. 
250/8 

mill. 
80/80/10 

. 

kil.«. 

l.'U 

»  > 

0-300 

>  > 

>  > 

300/6 

60/60/10 

•  • 

•• 

100 

4-000 

0-300 

4-400 

5910 

300/7 

110/70/11 

•  • 

•• 

190 

i  > 
5-000 

0-350 
0-300 

>  » 
5-400 

>  > 
10625 

350/6 
274/10 

110/70/10 
80/80/10 

/  300/138'  4™  -300  \ 
\           In  length.            J 

•• 

180 
HI 

>  j 
6-000 

0-400 
0-350 

»  > 
6-400 

>  > 
13500 

380/8 
310/8 

80/80/10 
80/80/10 

200/10  f  3—  600 

/         250/10  f         \ 
\      UK  enure  length.     / 

250/10  •'  4"  -000 

275 

400 

>  » 
7-000 

0-400 
0-400 

>  > 
7-400 

>  > 
16625 

374/8 
356/8 

80/80/10 
80/80/10 

250/1  3  s'  5»-  000 

f         250/11  *          1 
\      the  entire  length.      / 

250/1  Is'  4-  -800 

M 
565 

>  > 

0-500 

>  » 

»  > 

476/8 

80/80/10 

240/12*  5"  -400 

455 

8-000 

0-500 

8-400 

20000 

476/8 

100/100/12 

220/12  •'  5-  -500 

600 

874 
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CASK  or  LIMITED  HEIGHT  ((.IRDERS  LOADED  ON  TUB  LOWED  SIDE,  OB  THE  TCBULAB  SYSTEM). 
TABLE  XII.  c. — Four-girder  Bridges. 


Height  of  the 
Girders. 

Weight  the  Metre  of  Total  Length 

Total  the 
Lii|i-;il  Metro 
ol  Bearing. 

Of  the  Four 
Girders. 

Of  the  other 
Pieces. 

Total  with  the 
addition  of  -fg. 

m. 

tni'trc*. 

kilos. 

kilos. 

kilos. 

kiln.S. 

'  /=20  

1-70 

1480 

310 

1970 

2060 

SO  
40  

2-30 
2-90 

2140 
3480 

330 
360 

3050 
4220 

3190 
4410 

50  

3-50 

4560 

380 

5430 

5680 

Multiple  lattioi- 
xii'oVrs  without 
vertical  rods. 

/  =  20  

2-20 
3-30 
4-40 
5-50 

1260 
1860 
2440 
3040 

330 
370 
420 
460 

1750 
2450 
3150 
3850 

1830 
2560 

321)0 
4020 

40  ..      .. 
50  

/=20  

2-20 

1060 

330 

1530 

1600 

30  

3-30 

1620 

370 

211)0 

2290 

40  

4-40 

2180 

420 

2860 

2990 

50  

5-50 

2720 

460 

3500 

3660 

Cross  lattice-     I 
girdi-ra  without  j 
vi-rtical  rods. 

>/  =  20  
30  
40  
50  

2-20 
3-30 
4-40 
5-50 

1040 
1540 
2080 
2600 

330 
370 
420 
460 

1510 
2100 
2750 
3370 

1580 

2200 
2870 
8520 

CASE  OF  UNLIMITED  HEIGHT  (GIRDERS  UNDER  KAILS). 

TABLE  XII.  D. — Three-girder  Bridges.        TABLE  XII.  E. — Two-girder  Bridges. 


Height 
of  the 
Girders. 

Weight  the  Metre  of  Total 
Length 

Total 
the 
Lineal 
Metre 
of 
Bearing 

Height 
of  the 
Girders. 

Weight  the  Metre  of  Tota 
Length 

1     Total 
the 
Lineal 
Metre 
*       ot 
Bearing. 

Of  the 
Two 
Outside 
Girders. 

Of  the 
Centre 
Girder. 

Of  the 

other 
Pieces 

Total 
with  the 
addition 

Of  the 
Two 
Girders 

Of  the 
other 
Pieces. 

Total 
with  th< 
additioi 

m. 

metres. 

kilos. 

kilos. 

kilos. 

kilos. 

kilos. 

metres. 

kilos. 

kilos. 

kilos. 

kilos. 

I/  =  20(    First 

i  1-80 

860 

350 

500 

1880 

1970 

2-15 

980 

550 

1680 

1780 

30 

arrange- 

h   2-40      1430 

570 

530 

2780 

2910 

2-70 

1600 

580 

2400 

2500 

ment. 

40 

Second 

3-00 

2000 

800 

560 

S700 

3860 

3-40 

2260 

630 

3180 

3320 

40 

arrange- 

! 3-00 

1860 

950 

850 

4030  !  4210 

3-40 

2200 

780 

3280 

3430 

50 

ment. 

3-60 

2500 

1250 

900 

5120     5350 

4-00 

2900 

800 

4070 

4250 

//  =  20 

First 

2-20 

740 

280 

520 

1700 

1770 

2-40 

870 

560 

1570 

1G40 

Multiple 

30 

arrange- 

3-30 

1100 

400     580 

2290 

2390 

3-60 

1270 

630 

2090 

2180 

lattice- 

40 

ment. 

4-40      1440 

530     650 

2880 

3010 

4-80 

1680 

700 

2620 

2740 

girders 

40 

4-40      131  JO 

630     850 

3060 

3200 

4-70 

1600 

830 

2670 

2800 

without 

50 

Second 

5  50 

1660  i     800     900 

3700 

3860 

6-00 

2000 

880 

3170 

3310 

vertical 

60 

.arrange-' 

6-70 

2020 

960 

960 
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See  AQfKDrcr.  Ancn.  DRAWBRIDGE.  EMBANKMENTS.  MATERIALS  OF  CONSTRUCTION, 
of.  OIU.IUUE  AKCH.  PIERS.  PONTOON.  RETAINING  WALLS.  VIADUCT.  WUOHBBIDOB. 
on  Jlrid./cs:—  IVrronot,  '(Knvrrs,'  folio  and  4to,  1788.  Gauthcy,  'Traite  des  Fonts,' 
8  volu.,  4to,  1816.  Wan-.  'On  Vaults  and  Bridges,'  8vo,  1822.  Hann  and  Hoskin's  'Theory, 
Practice,  and  Archittx-turo  of  Bridges,'  5  vols.,  royal  8vo,  1843-50.  E.  Clark,  '  On  the  Britannia 
and  Conway  Hri.l-cs.'  2  v«>ls.,  Svo,  plates,  folio,  1850.  Bow,  'On  Bracing,'  8vo,  1851.  Boud.sut, 
'  1>.  s  p.uits  Sus]nMidiis,'  -Jto,  Paris,  1853.  Humber,  'On  Iron  Bridges  iin<l  (Jirders,'  imperial  4to, 
1  <>7.  Jt»y,  '  Des  Pouts  et  Viaducts  en  Ma<;onnerie,'  8vo,  1857.  J.  H.  Latham, '  On  tho  Construc- 
ti»n  of  Jr. ni  liruL'es,'  8vo,  1858.  L.  von  Klein,  'Sammlung  eiserner  Briicken  constructionen,' 
Stuttgart,  1SG3.  llumber,  'On  Iron  Bridge  Construction,'  2  vols.,  imperial  4to,  1804.  J.  <  oiulnnl, 
'I>e  l>iver-i  Sy.-t;  -ines  do  Fonts  en  Fer,' 8vo,  Paris,  E.  Lacroix,  18U5.  Haupt's  '  Theory  of  Bridge 
('•instruction,'  8vo,  New  York,  18G5.  Stoney,  'On  Strains  in  Girders,'  2  vols.,  royal  8vo,  18(Jti  i.:i. 
W.  Fraiikel,  '  JJereclininig  ciserner  Bogenbriicken,'  Hanover,  18G7.  Shield's  'Theory  of  Strains 
iu  (ur.lers.'  royal  Svo,  lSi!7.  Baker,  'On  Long-Span  Railway  Bridges,'  12mo,  18G7.  Unwin, '  On 
Wrouirht-Inm  Jlridges  and  Roof's,"  Svo,  1869.  J.  A.  lloebling, '  Long  and  Short  Span  Railway 
JJrid.u'i-s,'  folio,  Van  Nostrand,  New  York,  1869.  Humber,  'Strains  in  Girders,'  12mo,  18G9.  Bree'a 
.\v:.y  I'lM.-tic-e,' 4  vols.,  4to.  Byrne's  'Essential  Elements  of  Practical  Mechanics.'  Seguin 
Aiue,  '  Dea  Pouts  en  Fil  de  Fer.'  Also  various  Papers  in  '  Annales  des  Fonts  et  Cliausse'es,'  aud 
the  'Transactions  Inst.  C.  E.,'  the  'Inst.  Mechanical  Engineers,'  '  Society  of  Engineers.' 

BRIDGE-HEAD.    FB.,   Tete  de  pont ;    GEE.,  Bruckenkopf ;   ITAL.,   Testa  di  ponte,   Tcstata; 
SPAN.,  Cabcza  del  puento. 
See  FORTIFICATION. 

BRITANNIA-METAL.    FB.,  Metal  britannique,  Mttal  anglais  •  GEB.,  Britannia  Metall ;  ITAL., 
Lega  Britannia. 

See  ALLOYS,  p.  49. 

BRONZE.    FB.,  Bronze;  GER.,  Bronze;  ITAL.,  Bronzo,  SPAN.,  Bronce. 
See  ALUMINUM.    BRONZE.    COPPER.     TIN.    ZINC. 

BUDDLE.     FR.,  Baquet  a  rincer,  lavoir;   GER.,   Waschtroj,  Waschwerk-   ITAL.,  Lavatoio  della 
miniera  ;  SPAN.,  Mesa  de  larar. 

The  apparatus  shown  in  Figs.  1802, 1803,  was  invented 
by  Hundt,  s  Prussian  engineer.  Its  introduction  in  the 
gold  mines  of  Victoria  lias  been  attended  with  success. 
The  arrangement  of  this  buddle  possesses  the  advantage 
of  affording  a  largo  working  area  at  the  head,  and  at  the 
same  time  effects  a  better  separation  of  the  waste  than  can 
be  produced  by  round  buddies  of  the  ordinary  construc- 
tion. And  when  the  lighter  portions  of  the  tailings  have 
become  separated  from 
the  heavier  near  the  pe- 
riphery of  the  circle,  the 
area  over  which  they  are 
distributed  gradually  di- 
minishes, which,  by  in- 
creasing the  rapidity  of 
the  flow,  enables  them  to 
be  more  readily  carried 
off.  In  Australia  this 
apparatus  is  employed 
for  concentrating  tailings 
from  which  a  large  pro- 
portion of  gold  has  been 
previously  extracted  by 
the  usual  appliances.  A 
is  the  spout  which  con- 
ducts the  mixture  of 
water  and  sand  to  the 
buddle :  B,  the  outlet  for 
carrying  off  the  earthy 
impurities  or  final  tail- 
iii-'s;  C,  shaft  commu- 
nicating motion  to  the 
buddle  arms  d ;  e,  distri- 
buting launders;  and  17 ', 
pipes  attached  to  them. 
The  pipe  /  supplies  clean 
water  to  the  annular  cis- 
tern g,  from  whence  it 
passes  by  the  pipes  g', 
with  rose  apertures  at 
the  ends,  and  serves  to 
dilute  the  mixture  of 
water  and  tailings  dis- 
charged by  the  launders 
e,  on  the  annular  incline 
at  the  periphery.  The  whole  of  this  arrangement  revolves  on  the  shaft  D.  The  final  tailings  fall 
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into  tha  circular  pit  i,  previous  to  being  carried  off  by  the  channel  B.  To  the  wooden  bars  *  arc 
attached  pieces  of  canvas,  which  sweep  over  the  surface  of  the  stuff  deposited  in  the  buddle,  and 
keep  it  even  and  free  from  ruts.  The  tailings,  entering  the  receiver  A,  are  distributed  at  the  peri- 
phery of  the  buddle  through  the  four  launders  <?,  which  at  their  extremities  are  turned  at  ri^hl 
angles  to  the  direction  of  their  motion  when  in  action ;  and  at  the  same  time  clean  water  is  dis- 
tributed  by  the  apertures  pierced  in  the  terminations  of  the  pipes  g'.  The  speed  given  to  this 
arrangement  of  arms,  launders,  and  pipes,  revolving  on  the  shaft  D,  varies  in  proportion  to  the  state 
of  divisions  of  the  sands  to  be  treated.  When  these  are  rather  coarse,  the  machine  may  make  from 
six  to  eight  revolutions  a  minute  ;  but  when  very  fine  stuff  has  to  be  operated  upon,  the  speed  IB 
considerably  increased.  The  influx  of  tailings  and  water  must  be  regulated  in  accordance  with  the 
speed  of  the  arms  and  the  density  of  the  material  operated  upon ;  and  although  no  very  definite 
instructions  can  be  given  with  regard  to  this  subject,  a  chart  of  the  apparatus  will  enable  any 
intelligent  workman  to  make  the  necessary  adjustments.  The  bed  may  be  from  12  to  18  ft.  in 
diameter,  and  it  may  have  an  inclination  of  from  6  to  9  in.  from  the  edge  to  the  centre.  At  the 
Port  Phillip  works  the  tailings  cleaned  by  machines  of  this  description  are  subsequently  roasted, 
and  passed  through  Chilian  mills ;  but  where,  as  in  California,  the  enriched  pyrites  have  to  be 
transported  to  considerable  distances,  it  would  require  to  be  more  than  once  passed  through  the 
machine,  or,  after  being  once  huddled,  the  heads  might  be  further  enriched,  either  in  the  rocker, 
or  by  a  hand-buddle  or  shaking-table.  A  buddle  of  this  kind  can  be  filled  in  about  four  hours, 
and  it  will  be  found  an  excellent  apparatus  for  enriching  ores  with  but  little  waste.  If  it  be 
intended  to  dress  sulphides  directly  from  the  riffles,  so  as  to  render  them  almost  entirely  free  from 
siliceous  matter,  the  first  heads  will  require  to  be  re-washed  once  at  least,  and  the  second  heads 
twice ;  but  when  this  is  done,  it  is  necessary  to  be  provided  with  other  buddies  besides  those 
which  first  receive  the  tailings  direct  from  the  riffles,  and  which  will  be  constantly  in  use  for  that 
purpose. 

When  the  tailings  to  be  washed  are  not  conducted  directly  from  the  blanket  boards,  but  are 
taken  either  from  tyes  or  the  heads  of  other  buddies,  they  are  charged  with  a  shovel  into  a 
hopper  connected  with  a  circular  sieve,  working  in  water,  which  discharges  into  the  spout  A. 

See  GOLD  AND  GOLD  MINING. 

BUFFER.     FB.,  Tampon,  Appareil  de  choc ;  GEB.,  Buffer ;  ITAL.,  Kcspingente. 

A  buffer  is  a  cushion,  or  apparatus  with  strong  springs,  employed  to  deaden  the  concussion 
between  a  moving  body  and  one,  in  motion  or  at  rest,  on  which  it  strikes,  as  at  the  end  of  a  rail- 
way carriage.  A  buffer  is  sometimes  called  a  buffing  apparatus,  when  it  is  composed  of  two  or 
more  parts  or  of  two  or  more  springy  substances,  as  of  steel,  india-rubber,  gutta-percha. 

The  central  buffing  and  drawing  apparatus,  designed  by  E.  D.  Chattaway.  is  shown  in  Figs. 
1804  to  1806. 

1804. 
Side  elevation. 


Fig.  1804  is  a  side  elevation,  and  Fig.  .805  a  plan  of  the  new  coupling  work.njt  In 
with  an  ordinary  draw-hook ;  and  Fig.  1806  is  an  end  view  of    I,,-  1...  I, -r-  „ -,..!. 
draw-hook  are  constructed  in  one  piece,  and  the  buffer-he«d  A,  instead  of  bun 
of  the  peculiar  form  shown  in  Fig.  1806.    The  lower  portion  only  u  carol 
part  is  Wide  narrow,  and  while  presenting  a  buffing  surface  m  front,  it  ,.  ifaMU 
similar  to  a  draw-hook,  for  the  purpose  of  receiving  the  couphng-link 
upon  an  ordinary  draw-hook,  and  thus  forms  a  complete  hook  and  hi  J     '    '  - 

C  ifl  screwed  near  the  end  just  within  the  buffer-head.     Upon  this  screwed  part  f»  ntl 
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adjusting  nut  and  collar  D  with  projection  nrms  E,  Fig.  1805,  carrying  the  largo  coupling-link  B. 
The  coupling  can  thus  be  drawn  hard  up  or  slackened  off  by  means  of  the  pendulous  lever  F. 

The  ordinary  coupling  and  buffing  arrangements  as  applied  to  railway  wagons  are  open  to 
several  objections.  As  there  is  no  means  of  tightening  up  the  couplings,  there  is  always  a  con- 
biili  rnble  amount  of  play  between  the  adjacent  vehicles  of  a  train,  frequently  as  much  ns  18  in.  with 
wagons.  The  effect  of  this  is,  in  the  first  place,  to  lengthen  the  train,  thereby  causing  a  greater 
expenditure  of  motive  power,  owing  to  increased  effect  of  the  wind  and  pressure  of  the  flanges  of  the 
wheels  against  the  rails,  when  the  train  is  running  through  sharp  curves ;  and,  in  the  second  place, 
to  render  the  couplings  liable  to  break  or  to  become  detached  from  the  draw-hooks,  in  consequence 
of  the  train  being  started  and  stopped  in  detail  by  a  series  of  sudden  and  violent  jerks  :  a  jerking 
action  also  causes  a  severe  strain  upon  the  draw-springs  and  often  breaks  them ;  besides,  it  acts 
injuriously  upon  the  permanent  way,  and  increases  the  risk  of  conveying  goods  of  a  fragile 
nature.  As  regards  corner  buffers,  they  are  objectionable  from  the  circumstance  of  the  two  buffers 
being  seldom  struck  at  the  same  instant  or  with  the  same  degree  of  force,  even  on  a  perfectly 
straight  line;  while  on  cuYves  the  buffing  action  is  mainly  confined  to  one  side  of  the  train, 
severely  straining  the  framing  of  the  vehicles,  and  having  a  tendency  to  force  the  tenons  out  of 
the  mortices.  Besides  tending  to  damage  the  rolling-stock,  this  action  also  tends  to  injure  the 
permanent  way,  and  to  increase  the  cost  of  maintenance  of  both.  It  is  also  to  be  remarked  that 
the  ordinary  buffers  and  couplings  are  always  opposed  to  instead  of  being  in  harmony  with  each 
other,  the  couplings  being  slackened  as  the  buffers  are  brought  into  play,  and  vice  versa;  and  the 
reaction  of  the  buffers  has  sometimes  fractured  the  couplings. 

A  further  objection  to  the  ordinary  couplings  is  the  difficulty  and  delay  frequently  experienced 
in  attaching  and  detaching  wagons,  since,  unless  the  couplings  be  slack,  it  requires  a  violent 
shunting  together  of  the  train  to  allow  the  coupling-link  to  be  slipped  over  the  draw-hook ;  and  if 
the  draw-hooks  be  close  to  each  other  before  the  coupling  has  been  lifted  up,  the  train  has  to  bo 
drawn  apart  to  admit  of  the  link  being  raised,  and  then  shunted  together  again  in  order  to  be 
attached.  Independent  of  extra  expenditure  of  engine-power  and  wear  and  tear  of  rolling-stock, 
this  shunting  is  also  a  source  of  accident. 

The  most  complete  and  effective  buffing  apparatus  now  in  use  is  that  of  L.  Sterne,  shown  in 
Figs.  1807  to  1811. 

The  buffers  or  springs,  Figs.  1807,  1808,  are  built  up  of  soft  india-rubber  rings  and  circular 
steel  plates ;  the  terminal  plates  of  each  of  the  springs  being  complete  discs,  some  are  formed  with 
a  hole  through  the  centre.  During  the  process  of  vulcanization  the  buffer-rings  become  inseparably 
united  with  the  plates,  and  each  spring  thus  becomes  a  perfectly  air-tight  chamber.  When  the  pres- 
sure is  brought  to  bear  on  the  springs,  the  air  within  them  becomes  compressed,  and  offers  a  resistance 
proportionate  to  the  amount  of  such  compression  and  to  the  area  of  the  disca  upon  which  the 
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pressure  of  the  air  is  exerted.  The  india-rubber  rings  not  only 
perform  the  office  of  securely  retaining  the  air  within  them,  but 
they  completely  resist  sudden  concussions. 

In  order  to  avoid  friction  upon  the  rubber,  by  which  it  would 
be  quickly  destroyed,  the  circular  plates  are  extended  beyond  the 
rings  to  a  distance  proportioned  to  the  depth  of  these  rubber  rings. 
The  india-rubber,  therefore,  cannot  be  injured,  or  come  in  con- 
tact with  the  inner  surface  of  the  cylindrical  cover. 

These  buffers  can  be  made  of  any  desirable  form,  and  air- 
tight chambers,  constructed  in  the  manner  just  described,  can  be 
built  up  to  any  length  required  in  practice.  It  will  be  seen  that 
no  mechanical  fittings  are  required  to  make  a  perfectly  air-tight 
chamber.  The  union  of  the  rubber  to  the  metal  being  of  a  solid 
and  not  merely  adhesive  character,  the  juncture  is  impervious. 

These  buffers  are  capable  of  resisting  great  compressive  force, 
while  at  the  same  time  they  possess  great  sensitiveness  as  springs. 
Unlike  a  steel  spring,  which,  if  made  to  resist  great  force,  is  rigid 
until  a  considerable  weight  is  brought  to  bear  upon  it,  this  buffer- 
spring  is  sensitive  to  a  very  slight  pressure,  and  yet  absorbs  a  power 
of  15  tons,  being  100  per  cent,  more  than  the  resisting  power  of  J 
any  steel  springs  used  for  this  purpose.  In  most  cases,  where 
the  action  of  buffers  is  required,  the  apparatus  of  Sterne,  without 
alteration  of  principle,  may  be  applied. 

Fig.  1807  shows  a  cast-iron  case,  with  a  solid  wrought-iron  plunger,  four  rubber  rings,  and  five 
steel  platea. 
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,  pneumatic  apringpower. 

Ig9  representa  &  Pneumatic  rabber  draw-spring."  It  has  four  rubber  rings  and  three  oval 

*'  "10,  is  that  adapted  to  the 
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Each  buffer-rod  carries  a  kind  of  shoe  embracing  the  ends  of  a  compensating  travelling  beam, 
which  extends  from  one  spindle  to  the  other.  This  transmits  the  pressure  fairly  to  the  springs,  at 
the  same  time  enabling  the  buffer-rods  to  accommodate  themselves  freely  to  the  position  of  the 
carriages  passing  round  curves.  The  buffing  spring  occupies  a  length  of  13J  in.  when  uncom- 
pressed, and  is  capable  of  being  compressed  9  in.  The  light  spiral  springs  at  the  end  of  tho  buftVr- 
epindles  are  merely  placed  there  to  prevent  chattering.  The  draw-spring  is  formed  by  a  pair  of 
pneumatic  springs  composed  of  four  rings  of  rubber  each,  inseparably  united  to  threo  ovsl  steel 
plates  through  which  the  draw-bar,  Figs.  1810,  1811,  passes.  See  LOCOMOTIVES. 

BUILDING.     FB.,  Construction,  bdtiment ;  GEB.,  Jiawn ;  ITAL.,  Cottruxione. 

See  BOND.  BRIDGE.  FOUNDATIONS.  JOINTS.  MASONBY.  KAILWAY  ENGUTKERIHO.  Boors. 
SCAFFOLDING. 

BULLET-MAKING  MACHINE.    FB.,  Machine  a  fain  des  ballet ;  GKB.,  Kuqel-Gicttnuichinf. 

In  the  manufacture  of  ordinary  bullets  for  small  arms  the  load  is  first  melted  in  an  ordinary 
cast-iron  vessel,  fitted  with  a  spout  and  movable  plug  at  the  bottom.  By  means  of  a  removable 
spout,  the  liquid  lead  is  conveyed  to  the  cylinder  A  in  Fig.  1813,  where  it  remains  until  it  is  a  snliil, 
but  not  any  longer,  as  the  nearer  it  is  to  the  fluid  state,  the  easier  it  is  shaped,  so  as  to  form  *  rod. 
The  lead,  being  pushed  up  by  hydraulic  pressure,  as  in  the  lend-pipe  machine  of  Cornell,  flows  out 
at  the  orifice  in  the  die  B,  which  may  be  made  with  different  shaped  orifices. 

To  convert  the  rod  into  bullets,  it  has  first  to  be  cut  into  portions,  then  each  portion  ha*  to  be 
compressed  in  ventilated  dies,  care  being  taken  to  prevent  metallic  contact,  which  U  done  b/ 
lubrication. 

Ill 
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Such  conditions  may  be  attained  by  a  great  variety  of  mechanical  arrangements :  Figs.  1811, 1814, 
illustrate  John  Anderson's  Bullet-making  Machine,  which  was  extensively  employed  at  Woolwich. 

By  referring  to  Fig.  1812,  it  may  be  seen  that  the  rod  of  lead  from  the  lead-pipe  or  lead-rod 
machine,  after  being  coiled  upon  a  portable  reel,  ,81, 


is  wound  upon  the  reels  C,  C,  which  are  fixed  upon 
the  framing  of  the  bullet  machine,  Fig.  1812. 

The  lead  rod  is  then  conducted  by  a  pair  of 
small  rollers  D,  through  the  cutting-off  lever  E, 
into  the  clips  F,  Fig.  1814,  in  which  it  is  gripped 
while  being  sheared  off;  when  the  lever  is  raised 
up  to  perform  this  operation  by  the  cam  (G  Fig. 
1812)  the  length  of  lead  rod  thus  cut  off  is  deter- 
mined by  the  adjustable  stop. 

To  prevent  the  lead  rod  from  slipping  out  of 
the  die,  it  must  be  thoroughly  clean  and  free  from 
grease ;  it  is  therefore  passed  through  a  roll  of  tow 
or  cotton  waste  I  saturated  with  turpentine. 

After  the  block  of  lead  of  the  required  length 
is  cut  off,  the  clips  E,F,  Figs.  1812,  1814,  are 
opened,  and  the  block  is  allowed  to  fall  by  gravi- 
tation to  the  bottom  of  the  clips,  and  from  thence 
is  pushed  into  the  forming-die  J,  Fig.  1812,  by 
the  punch  K  (the  point  of  which  is  lubricated  at 
each  stroke) ;  the  finished  bullet  is  then  knocked 
out  by  the  small  punch  L,  into  a  shoot,  by  which 
it  is  conveyed  to  suitable  boxes. 

In  order  to  ensure  a  clean  and  perfectly-formed 
bullet,  it  is  necessary  to  ventilate  the  die ;  in  this 
case  the  air  escapes  through  the  small  punch  L, 
which  is  bored  out  for  that  purpose. 

When  the  portion  of  lead  within  the  die  has 
been  compressed,  the  superfluous  metal  is  squeezed 
out  at  the  junction,  thus  forming  a  sort  of  frill,  to 
remove  which  clips,  Figs.  1812,  1814,  are  em- 
ployed. These  clips  are  pieces  of  steel  contain- 
ing a  hole  the  size  of  the  bullet ;  they  rise  in  front 
of  the  die  so  soon  as  the  punch  has  retired; 
at  the  next  instant 
the  bullet  is  pushed 
through  the  hole,  thus 
leaving  the  frill  behind. 

When  indentures 
have  to  be  given  to 
bullets,  this  is  accom- 
plished by  passing 
them  between  a  revol- 
ving disc  and  a  corres- 
ponding fixed  segment, 
the  acting  surfaces 
being  of  the  required 
shape,  and  so  placed 
with  regard  to  each 
other  that  the  entrance 
of  the  indenting  chan- 
nel shall  be  wider  than 
the  opening  at  the 


1815. 


point  of  exit.    The  revolving  surface  imparts  a  circular  motion  to  the  bullets,  in  a  manner  •imilur 

10  %* C±A  Met  Machine,  Fig.  1815,  has.  an  arrangement  of  device,  for 
blank  from  a  rod  or  thick  wire,  and  depositing  it  m  a  radial  groove  «  in  the  fl 
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tablo  which  carries  it  in  front  of  a  cylindrical  die.  A  piston  or  male  die  fitting  the  said  cylinder 
the  blank  then  in  and  against  a  female  die.  When  the  male  die  ia  retracted,  and  the 
female  die  thrust  forward,  it  forces  the  blank  out  of  the  cylinder  and  upon  the  carrier  S,  which 
during  the  operation  of  the  diea  remains  at  rest.  The  bullet  is  then  carried  around  the  lathe, 
where  it  is  again  seized  between  the  sliding  mandrel  and  centre  of  the  lathe,  and  trimmed  off 
to  the  proper  shape  by  a  tool  which  is  fed  to  the  work  by  means  of  a  lever  operated  by  a  cam 
iktta.-!.<  .1  t..  tin'  driving  niachiiu-ry  ('. 

BUNG-CUTTING  MACHINE.  FB.,  Machine  a  couper  le  tampon  de  bois ;  GEB.,  Spundzapfen- 
SdMeidnuachine  ;  ITAL.,  Macchina  da  cocchiumi. 

Bee  CASK-MAKING  MACHDJEBY. 

BUOY.  Fa,  Boutc,  Amarque,  Balise;  GEB.,  Buje,  Boje,  Ankerboje;  ITAL.,  Gavitello;  SPAN., 
Boy  a. 

See  Lir.HTHorsES ;  BEACONS  ;  and  BUOYS. 

BURNISHER.    FB.,  Brunissotr;  GEB.,  Polirstahl ;  ITAL.,  Bntnitoio. 

See  HAND-TOOLS. 

BUSH.    FB.,  Coussinet ;  GEB.,  Mctallf utter ;  ITAL.,  Bronzina ;  SPAN.,  Coginete. 

A  bush  is  a  perforated  piece  of  metal,  as  hard  brass,  let  into  certain  parts  of  machinery,  to 
receive  the  wear  of  pivots,  journals,  and  the  like,  as  in  the  pivot-holes  of  a  clock,  the  hub  of  a 
cart-wheel,  and  so  on.  Any  similar  lining  of  a  hole  with  metal,  as  the  vent  of  a  gun,  is  termed 
the  fauA.  See  DETAILS  OP  ENGINES  ;  ORDNANCE  ;  and  SMALL  ARMS. 

i:i  ITKKI'I.Y-YAI.YK.  l-'ii..  ti'i'iuu-t  j>:(j'illun;  GLK.,  8okmettaJi»g»-VmtO }  ITAL.,  Vulvola  a 
farfalla. 

See  VALVES. 

BUTTRESS.  FB.,  Contre-fort,  fperon,  arc  boutant;  GEB.,  St rebepfeiler ;  ITAL.,  Contraforte; 
SPAN.,  6  machon. 

A  buttress  is  a  projecting  support  to  the  exterior  of  a  wall,  most  commonly  applied  to  churches 
in  the  Gothic  style,  but  also  to  other  buildings,  and  sometimes  to  mere  walls.  A  prop,  a  shore,  or 
support,  is  also  called  a  buttress.  See  COAST  DEFENCES.  CONSTRUCTION.  FOBTIFICATION. 

BUTT  -  WELD.  FR.,  Soudure  par  rapprochement ;  GEB.,  Stumpfe  Schweissfuge  ;  ITAL.,  Bollitura 
affrontata. 

See  Fosanro. 

CABLE.    FB.,  Cable;  GEB.,  Tau;  ITAL.,  Canape,  Care;  SPAN.,  Cable. 

A  cable  is  a  large,  strong  rope  or  chain,  employed  to  retain  a  vessel  at  anchor,  and  for  other 
purposes.  It  is  commonly  made  of  hemp  or  iron,  but  sometimes  of  iron  or  copper  wire,  as  in  the 
case  of  the  cable  of  a  suspension  bri&je,  or  of  a  submarine  connection  in  the  electrical  telegraph. 
Practical  information,  however  limited,  upon  the  strength  of  rope  and  cAat'n,  is  of  great  value  and  * 
importance  to  the  seaman,  since  there  is  scarcely  an  operation  connected  with  his  duties  that  can 
be  performed  without  the  use  of  a  chain  or  a  rope. 

William  Macdonald,  Superintendent  of  the  Liverpool  Chain-testing  Works,  in  1860,  before  a 
committee  of  the  House  of  Commons,  gave  the  following  tabulated  statements,  which  show  the 
total  number  of  fathoms  of  chain  proved  by  him  from  1855  to  1859. 

STCD  CHAIN. 


Date. 

Total  Number 
of 
Fathoms  proved. 

Number  of 
Fathoms 
defective. 

Number  of 
Fathoms 
not  defective. 

Number  of 
Fathoms 
condemned. 

Percentage 
of  defective 
Chains. 

1855   

10717 

8862 

1855 

576 

82| 

1856   

11336 

9575 

1761 

438 

84  J 

1857   

12826 

10393 

2433 

316 

81 

1858   

9387 

8278 

1109 

383 

88 

1859  (to  August  2nd)     ..      .. 

5711 

4038 

1673 

329 

71 

Total     ..      .. 

49977 

41146 

8831 

2042 

82J 

CLOSE  LINK. 


Date. 

Total  Number 
of 
Fathoms  proved. 

Number  of 
Fathoms 
defective. 

Number  of 
Fathoms 
not  defective. 

Number  of 
Fathoms 
condemned. 

Percentage 
of  defective 
Chains. 

1855   .. 

3799 

1918 

1881 

978 

50i 

1856   

8752 

4636 

4116 

«7 

*52? 

1857  

10190 

7398 

9709 

955 

72 

1858   

8731 

5469 

QOfiO 

44 

C91 

1859  (to  August  2nd)     ..      .. 

5412 

2066 

3346 

227 

38 

Total      ..      .. 

36884 

21487 

15397 

1541 

58^ 

Deductions  and  rules  respecting  the  strength  of  materials,  based  on  the  experiments  of  Tred- 
gold,  Barlow,  Fairbairn,  and  Hodgkinson,  are  not  reliable,  for  these  and  other  experimentalists 
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employed  incomplete  testing  apparatus ;  and  in  general  they  operated  upon  fragments  of  materiali 
too  small  to  warrant  their  conclusions  with  regard  to  large  and  complicated  structures  This 
remark  does  not  apply  to  David  Kirkaldy,  who,  from  his  skill  and  the  accuracy  and  pron't  rnn-o 
of  his  testing  machinery,  furnishes  results  in  every  respect  reliable.  We  add  a  tabulated  state- 
ment respecting  the  relative  strength  of  welded  joints,  taken  from  Kirkaldy's  work,  •  Results  of 
an  Experimental  Inquiry  into  the  Tensile  Strength  and  other  Properties  of  varioua  kinds  of 
Wrought  Iron  and  Steel.' 

In  the  experiments  made  by  Kirkaldy  to  ascertain  the  strength  of  welded  joints,  the  pieces 
were  cut  through  the  middle,  and  then  scarfed  and  welded  in  the  ordinary  manner  by  the  same 
smith  who  prepared  the  bolts  for  his  other  experiments,  and  a  few  were  prepared  by  a  chain- 
maker,  for  comparison.  The  results  varied  greatly,— fourteen,  operated  on  by  the  smith,  show  a 
loss,  compared  with  the  original  whole  bar,  from  4'1  to  43 -8  per  cent.,  the  mean  loss  being  20*8 
per  cent.;  four  by  the  chain-maker,  from  2-6  to  37' 4;  mean,  15-1  per  cent.  Of  the  former  four 
broke  solid,  away  from  the  weld :  eight,  partly  through  solid  portion  and  partly  at  the  weld ;  two 
separated  at  the  weld.  Of  the  latter,  two  broke  solid;  one  broke  partly  solid  and  partly  at  the 
weld;  and  one  gave  way  at  the  weld.  It  may  be  noticed  that  different  sizes  and  also  different 
qualities  were  used,  but  the  results  were  alike  uncertain,  and  are  further  proof  of  the  correctness 
of  the  following  observations  by  James  Nasmyth,  which  appeared  in  '  The  Engineer.'  8th  March. 
1861,  a  considerable  time  after  the  experiments  of  Kirkaldy  were  made : — 

"  Of  all  the  processes  connected  with  the  working  of  malleable  iron  there  is  none  that  has  a 
more  intimate  relation  to  the  security  of  life  and  property  than  that  of  welding,  or  the  process  by 
which  we  are  enabled  to  unite  together,  in  one  mass,  the  several  portions  of  malleable  iron, 
of  which  the  generality  of  works  in  that  material  are  formed.  Every  single  link  in  a  chain  cable, 
every  wheel-tire  in  a  railway  train,  directly  owes  its  trustworthiness  to  the  manner  in  which  the 
process  of  welding  has  been  performed,  in  so  far  as  that  any  imperfection  in  any  one  single 
member  of  the  set  of  cable  links  or  railway  wheel-tires  may  involve  a  most  fearful  loss  of  life,  of 
which,  of  late  years  especially,  we  have  had  such  distressing  and  melancholy  experience. 

"  In  order  to  render  clear  the  following  remarks  as  to  the  cause  of,  and  means  that  should  be 
employed  to  prevent,  defective  welding,  it  is  necessary  to  explain  the  nature  of  the  process  of 
welding,  which  consists  in  inducing  upon  malleable  iron,  by  means  of  a  very  high  heat,  a  certain 
degree  of  adhesiveness,  so  that  any  two  pieces  of  malleable  iron,  when  heated  to  the  requisite 
degree,  will,  if  brought  into  close  contact,  adhere  or  stick  together  with  a  greater  or  less  tenacity, 
according  to  the  amount  of  force  applied  to  urge  them  into  close  contact 

"  It  is,  therefore,  to  the  means  of  thoroughly  expelling  this  vitrified  oxide  from  between  the 
surfaces  of  the  iron  where  the  welded  junction  is  to  take  place  that  we  must  direct  our  attention ; 
for  so  long  as  any  portion  of  this  adhesive  viscid  substance  is  permitted  to  exist  and  interpose 
itself  between  the  surfaces  we  desire  to  unite,  no  sound  junction  can  take  place,  and  once  it  has 
made  a  lodgment  no  after-heating  or  hammering,  be  it  ever  so  severe,  will  cause  its  thorough 
expulsion.  It  is,  therefore,  to  the  thorough  expulsion  of  the  vitreous  oxide  in  the  first  stage  of  the 
welding  that  we  must  direct  the  most  careful  attention ;  and  it  would,  in  no  small  degree,  tend  to 
prevent  those  fearful  accidents  of  which  defectively- welded  ironwork  is  the  principal  cause. 

"  Since  the  chief  cause  of  defective  welding  arises  from  portions  of  the  vitreous  oxide  of  the 
iron  being  shut  up  between  the  surfaces  at  the  part  presumed  to  have  been  welded,  and  that, 
besides  the  impossibility  of  ascertaining,  in  the  majority  of  cases,  after  the  process  of  welding  has 
been  gone  through,  whether  or  not  this  vitreous  oxide  has  been  thoroughly  expelled,  and  the  sur- 
faces at  the  welding  brought  into  perfect  metallic  union,  and  that  no  after-heating  or  hammering 
can  dislodge  the  vitreous  oxide  when  once  it  has  effected  a  lodgment,  our  best  security  is  to  form 
the  surfaces  of  the  iron  at  the  part  where  the  welding  is  desired  to  take  place,  so  that  when 
applied  to  each  other,  at  the  welding  heat,  tlieir  first  contact  with  each  other  shall  be  in  the  centre  of 
each." 

Kirkaldy  tested  two  steel  bars  welded  at  the  makers'  works,  the  result  still  more  unsatisfactory 
than  with  iron— one  showing  a  loss  of  45*0,  the  other  59 '6  per  cent. ;  whilst  other  two  parted  at 
the  weld  during  the  operation  of  forming  the  heads,  previous  to  testing.  At  the  commencement 
of  these  experiments  several  attempts  were  made  to  form  heads  on  the  steel  specimens,  in  the 
same  manner  as  on  the  iron,  by  welding  on  rings ;  but  as  they  either  failed  at  the  weld,  or  the 
steel  was  found  to  be  burned,  that  method  was  abandoned. 

With  the  view  of  ascertaining  the  effect  of  heating  iron  to  the  welding  point,  and  then  allowing 
it  to  cool  slowly  without  being  hammered,  an  experiment  was  made  by  Kirknldy  with  a  bur  of. 
Glasgow  B.  Best,  the  results  of  which  are  stated  in  his  table  N,  1095.  Although  its  breaking 
strain  was  nearly  the  same  as  that  borne  by  another  piece,  1094,  off  the  snme  bar,  in  the  ordinary 
condition,  yet  it  will  be  found  that  the  ductility  of  the  iron  had  been  injured  by  the  high  tempe- 
rature and  want  of  hammering;  for  it  was  found  that  instead  of  42 '2  per  cent,  it  only  contracted 
27 '8,  or  34  per  cent,  less  than  the  latter. 

Figs.  1816  to  1829  exhibit  mooring  and  other  chains,  with  the  articles  required  to  be  appended 
to  such  chains,  and  the  proportions  of  iron  chain  cables,  as  supplied  to  the  English  Royal  Navy. 

Fig.  1816  shows  the  pin  and  lead  pellet,  through  forelock,  and  part  of  the  ring  or  shackle  on 
the  anchor-shank.  Figs.  1816  to  1821  present  two  views  of  each  part  of  a  cable  where  connections 
are  made. 

The  dimensions  given  on  the  links,  &c.,  signify  so  many  diameters  of  the  iron  of  the  eommr 
links  of  the  cable,  thus  forming  the  scale  for  all  sizes.    In  the  mooring  chains  and  gear,  tho  unit 
is  the  thickness  of  the  iron  of  the  link.  , 

Referring  to  Figs.  1816  to  1821,  and  large  shackle  for  connecting  any  length  ol 
12*  fathoms:  B,  end  links,  without  stay-pins;  C,  enlarged  links,  with  utey-piiiii:  D.  omnmc 
hick-ness  put  =  1  •   E,  swivel  in  the  middle  of  every  other  length  of  12*  fntli'inw;  *,  joining 
hackle  for  connecting  either  end  of  any  length  with  any  other  length  of  the  same  »i/c. 
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WELDED 


Original 

Breaking  Strain. 

Weight 

Index 

Name*  of  Maker*  or  Works,  and  bow 

on 

Ho. 

Trailed. 

Steel- 

I'i.iin. 

Area. 

yard. 

Total  on  Specimens. 

Welded. 

1491 

Iron  Bars. 

Goran  B.  Best.    Welded  by  smith 

In. 
•76 

sq.  in. 
•4536 

11*. 
590 

Ib 

25590 

6. 

Ib 
56415 

s. 

1492 
1493 

w              »t                 n              »» 
n              n                 »»              « 

•76 
•75 

•4536 
•4417 

569 
407 

25002 
20466 

22797 

55119 
46335 

50963 

1494 

n              n                 n              11 

•76 

•4536 

421 

20858 

45983 

1495 

/Govan  Ex.  B.  Best.     Welded  by} 
\    cliain-makcr      1 

•76 

•4536 

605 

26010 

57341 

1496 

»l                      19                          11                      9V 

•76 

•4536 

598 

25814 

21411 

56909 

48984 

1497 

»»              n                »              »' 

•76 

•4536 

420 

20830 

45921 

1498 

tj              »»                »>              »» 

•68 

•3G32 

140 

12990 

35765 

1816. 


1817. 


xy  =  pin  and  lead  pellet  through  the  bolt  and  fordoes. 


•      .  ^"     'I*    S"^ 

A 3. 0 * 5.6 X 


1819. 


Figs.  1822,  1823,  George  Elliott's  splicing  shackle. 

Figs.  1824,  1825,  Hardy's  mooring  swivel;  1826,  splicing  tails;  1827,  1828,  swivel  and  shackle 
for  mooring  chain ;  and  1829,  links  for  pendant,  or  bridle  chains. 

Before  1842  no  positive  information  on  the  strength  of  hempen  cables  was  established.  How- 
ever, some  experiments  on  the  smaller  kinds  had  been  made,  and  the  strength  of  a  good  10^-in. 
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JOINTS. 


Breaking  Strain 
the  Square  Inch, 
Unwelded. 

Difference  between  Welded  and 
Unwelded  Bars. 

lent. 

Elongation. 

Fracture. 

Diameter 

of  a 
Bar  Un- 

Original Length  of  Stretched 
port  in  Column*. 

Cry*. 

Where. 

Ibs. 
(  61106 

Ibs. 
4691  "k 

percent. 
7-71 

to. 

In. 

in. 

percent 

59316 

58886 
58884 

59548 

4197 
12551 
12901  . 

>8585 

21-9, 

ju-i 

0-701 

80 
•68 
•18 
•20 

•47 

8-0 

5'9 

0 
1 
18 
65 

Solid 
Botti. 

Solid  and  weld. 
Solid  and  weld. 

59070 

1729 

2-9 

1-25 

0 

Solid. 

58452 
55653 
57190 

57591 

1543 

9732 
21425 

8607 

2-6 
17-5 
37-4 

15-1 

0-683 

1-26 
0-46 

o-osj 

•84 

8-0 

10-5 

0 
45 
0 

Solid. 
Solid  and  weld. 
Weld. 

considered  to  be  about  20  tons ;  these 
formed  a  scale  by  which  the  strength 
of  other  sizes  was  calculated,   but 
there  was  no  satisfactory  evidence  in 
proof  of  this  scale  with  regard  to  any 
size.    It  was  therefore  ordered  that  a 
series  of  experiments  should  be  made 
in  Woolwich  Dockyard  to  ascertain 
by  positive  proof  the  strength  of  all 
cables,  both  hempen  and  chain,   of 
various  sizes,  from  the  smaller  kind 
up  to  the  largest  then  in  use.    The 
experiments  were  accurately  recorded 
by  Nicholas  Tinmouth ;  but  the  test- 
ing machine  used  by  Tinmouth  was 
far  inferior  to  the  one  employed  at 
present  by  David  Kirkaldy.      The 
sizes  of  hemp  selected  for  experiment, 
Table  I.,  were  25  in.  circum- 
ference, 22£  in.,  20  in.,  and  so 
on.    The  sizes  of  the  chain 
cables  were,   as   shown    in 
Table  II.,  from  2£  to  f  of 
an  inch. 

It  is  necessary  to  state 
that  the  2^-in.  chain  was 
not  tested,  on  account  of  the 
probability  that  the  testing 
machine  would  be  seriously 
injured  in  the  event  of  this 
chain  breaking  under  a 
heavy  strain.  There  were 
six  experiments  upon  each 
of  the  other  nine  sizes  of 
chain  cable,  amounting  in 
the  whole  to  fifty-four ;  and 
eight  experiments  upon  each 
of  the  nine  hemp  cables, 
making  together  seventy- 
two. 

These  experiments  are  easily  distinguished  in  the  Table  by  their  extending  through  all  the 
columns  from  side  to  side.  The  strength  of  all  the  intermediate  sizes,  both  of  hemp  and  rlmin. 
was  calculated  by  the  following  rule: — Divide  the  difference  of  the  two  stmiim  l>y  tin-  diflVrmre  of 
the  squares  of  the  diameters,  or  circumference,  for  a  constant  multiplier.  This  nnilti'iilirr  into  tin- 
difference  of  the  squares  of  any  two  sizes  will  give  the  unrulier  of  tons  to  bo  added  to  tho  strain 
upon  the  smaller.  As  tho  actual  strength  of  any  instrument  ran  only,  M  n  whole,  bo  considered 
equal  to  its  weakest  part,  tho  minimum  column  of  strength  in  the  Tables  must  be  considered  th« 
safest.  The  right-hand  column  has  been  calculated  from  the  weakest  of  all  tho  experiments,  and 
may  be  serviceable  where  risk  is  apprehended  and  great  caution  necessary.  With  reference  to  tho 
strength  of  the  hawser-laid  rope,  and  rigging  or  crime  chain,  in  Tables  III.  and  IV.,  the  expert* 
ments  were  made  at  various  tunes  for  isolated  purposes :  and  although  not  in  the  Mine  progressiTe 
order  as  in  tho  case  of  the  cables,  yet  the  strength  was  ascertained  by  tho  same  machine  with  the 
same  degree  of  accuracy  and  embracing  a  siiflicicutly  numerous  claaa  of  sizes  to  render  the  calcula- 
tion of  all  intermediate  kinds  equally  correct. 
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TABLE  I.— FOB  ASCERTAINING  THE  STRENGTH  OF  CHAIN  CABLES. 
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Size. 

No.  of 
Yarns. 

Weight, 
100 
Fathoms. 

Breaking  Weight,  in  TOM. 

uu. 

W*.n              C'!...t.M 

•"••       frwn« 
•Hhnt 

Maxi- 
mum. 

.  Intermediate  Strains. 

Mini- 
mum. 

in. 
26 

25* 
f25 
24* 
24 
23* 
23 
t22* 
22 

21* 

21 
20* 
|20 
19* 
19 
18* 
18 
tn* 
17 
16* 
16 
15* 
t!5 
14* 
14 
13* 
13 
t!2* 
12 
11* 
11 
10* 

tio 

9* 
9 

8* 

8 

n* 

7 
6* 
6 
5* 
15 
4J 
4 
3* 
3 

3528 
3393 
3267 
3122 
3006 
2880 
2763 
2646 
2529 
2412 
2304 
2196 
2088 
1980 
1881 
1782 
1692 
1597 
1512 
1422 
1332 
1251 
1179 
1098 
1026 
954 
882 
810 
756 
693 
630 
576 
522 
4G8 
432 
396 
315 
288 
252 
216 
189 
162 
135 
108 
90 
69 
54 

Ibs 
14112 

13572 
130G8 
12488 
12024 
11520 
11052 
10584 
10116 
9648 
9216 
8784 
8352 
7920 
7524 
7128 
6768 
6388 
6048 
5688 
5328 
5004 
4716 
4392 
4104 
3816 
3528 
3240 
3024 
2772 
2520 
2304 
2088 
1872 
1728 
1584 
1260 
1152 
1008 
864 
756 
648 
540 
432 
360 
276 
216 

122-2 
117-5 
113' 
114-4 
115-7 
117- 
118-3 
119-5 
111-4 
103-5 
95-8 
88-3 
81- 
76-7 
72-6 
68-6 
64-7 
61- 
57-3 
53-9 
50-5 
47-3 
44-2 
41-6 
39-1 
36-7 
34-4 
32-2 
29-8 
27-6 
25-5 
23-4 
21-5 
19- 
16-7 
14-6 
12-6 
10-7 
9-3 
8-1 
7- 
5-9 
'5- 
4- 
3-2 
2-4 
1-8 

I 

105-9 
101-9 
98- 
94-4 
91- 
87-6 
84-2 
81- 
77-9 
74-9 
72- 
69-2 
66-5 
62-1 
57-9 
53-8 
49-8 
46-* 
44-9 
43-8 
42-8 
41-9 
41- 
38-4 
36- 
33-6 
31-3 
29-2 
26-6 
24-2 
21-8 
19-6 
17-5 
15-7 
14- 
12-4 
10  9 
9-5 
8-2 
7- 
5-8 
4-8 
8-9 
8-1 
2-5 
1-9 
1-4 

111-6 
107-3 
103-2 
102-5 
101-9 
101-3 
100-7 
100-1 
95- 
90-1 
85-3 
80-6 
76-1 
71-3 
66-6 
62-1 
57-7 
53-4 
51- 
48-7 
46-5 
44-3 
42-3 
39-9 
37-6 
35-4 
33-3 
31-3 
28-6 
26-1 
23-7 
21-4 
19-2 
17-1 
15-2 
13-4 
11-7 
10-2 
8-8 
7-5 
C-3 
5-8 
4-8 
8-4 
2-7 
2-1 
1-5 

101-5 
97-6 
93-8 
90-1 
86-5 
82-9 
79-4 
76- 
72-6 
69-4 
66-2 
63-1 
60- 
57-1 
54-2 
51-4 
48-6 
46-* 
43-4 
40-8 
38-4 
36- 
33-7 
31-5 
29-4 
27-3 
25-3 
23-4 
21-6 
19-8 
18-1 
16-5 
15- 
13-5 
12-1 
10-8 
9-6 
8-4 
7'8 
6-8 
5-4 
4-5 
8-7 
8- 
2-4 
1-8 
13 

107- 

106-5 

102- 

101-5 

99- 

99- 

109-5 

101-7 

99-5 

99- 

96-5 

94- 

78-5 

78-2 

78- 

77- 

75-5 

74-2 

59-7 

54-7 

54-5 

52- 

50- 

49-2 

43- 

42-7 

42-5 

42- 

41-7 

41-5 

32-2 

32- 

32- 

31-2 

31-2 

si- 

21- 

19-7 

17-7 

17-7 

•• 

- 

10-5 

10-5 

10-3 

10-3 

10-3 

lo- 

4-9 

4-6 

4-2 

4- 

4- 

4- 

The  lines  marked  (t)  contain  the  results  given  by  experiments,  and  the  intermediate  lines  thoeo 

found  by  calculation. 
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TABLE  II.— FOB  ASCERTAINING  THE  STBENGTH  OF  CHAIN  CABLE. 


s..-. 

-:r  .::.. 

In  Tons. 

Wright, 

100  Fathoms. 

Breaking  Strain,  in  Tuns. 

Mean. 

Calcu- 

lali-il  from 

Maximum. 

Intermediate  Strains. 

Minimum. 

tn. 

11*. 

1  1  J 

87S18 

130-3 

M 

>  9 

m  , 

121-8 

125-9 

107-4 

2i 

8li 

116*1 

.. 

.. 

.. 

108-6 

112-3 

95-8 

t2 

72 

21504 

103- 

102-5 

101- 

97-5 

97- 

96-25 

99-5 

,, 

fit 

I  MM  Ml 

99- 

97-75 

93-5 

90- 

89- 

88' 

92-8 

.. 

tlf 

55 

164G4 

85-25 

81-5 

80-5 

67' 

65-5 

65- 

74-1 

65- 

47, 

14196 

75- 

,. 

.. 

59-5 

66-5 

56- 

fl 

40 

• 

12096 

65-5 

65-5 

59-25 

57V75 

55V 

54-5 

59-5 

.. 

If 

34 

10164 

53-6 

.. 

.. 

.. 

., 

44-4 

48-5 

40-1 

1« 

28j 

MOO 

42-8 

>t 

35-3 

38-5 

33-1 

22 

6804 

S3- 

31-75 

29- 

29-' 

27V5 

27- 

29-5 

26- 

tl 

18 

5376 

27-25 

26- 

24-75 

23- 

22-75 

22- 

24-3 

21-2 

t  I 

131 

1 

4116 

22-5 

21-5 

21-1 

20-7 

20-5 

20-3 

21-1 

16-2 

t  f 

101 

3024 

15- 

14-25 

14- 

12-75 

12-62 

12-5 

13-5 

11-9 

H 

8 

1 

2541 

12-3 

.. 

.. 

10-8 

11-4 

10- 

f: 

7 

2100 

9-87 

9V75 

9-5 

9-5 

9-5 

9-37 

9-5 

8-2 

5J 

1701 

.. 

.. 

.. 

.. 

*! 

I 

1344 

6-3 

•• 

•• 

•• 

5-9 

6- 

5-3 

The  lines  marked  (t)  contain  the  results  of  experiments,  and  the  intermediate  lines  those  derived 

from  calculation. 


TABLE  III.— FOB  ASCEBTATNING  THB  STRENGTH  OP  HAWSER-LAID  ROPE. 


She. 

No.  of  Yarns. 

Weight, 
100  Fathoms. 

Strain,  in  Tons. 

Mean. 

Maximum. 

Intermediate  Strains. 

Minimum. 

in. 

Ibs. 

tu 

1173 

2940 

45-5 

40-5 

39- 

35- 

40- 

11J 

1077 

.. 

41-7 

.. 

32- 

36-7 

11 

987 

.. 

38-2 

m  t 

^  t 

29-3 

33-6 

10} 

900 

.. 

34-9 

p< 

26-7 

30-7 

10 

816 

2136 

31-7 

M 

n 

24-2 

27-9 

9* 

738 

28-6 

M 

21-8 

25-2 

9 

660 

1712 

25-7 

B  t 

,. 

19-6 

22-6 

8} 

591 

23- 

.. 

., 

17-5 

20-2 

8 

522 

1379 

20-4 

15-5 

18- 

7* 

459 

.. 

18- 

B- 

.. 

13-6 

15-8 

7 

399 

.. 

15-8 

m  . 

11-8 

13-8 

6} 

345 

.. 

13-7 

10-2 

12- 

t€ 

294 

834 

Ul 

10| 

10- 

8-7 

10-3 

5* 

249 

712 

9-8 

0  f 

7-3 

8-7 

5 

204 

8-2 

>B 

7- 

6- 

7-2 

4* 

168 

4'is 

6-7 

^^ 

5- 

5- 

5-9 

4 

132 

.. 

5-3 

_ 

<t 

4- 

4-7 

3* 

102 

.. 

4-1 

, 

3-2 

3-7 

3 

75 

203 

3-1 

, 

2V5 

2-4 

2-8 

2* 

54 

.. 

2-2 

, 

1-8 

2-1 

2 

33 

1-5 

fi 

1-7 

1-3 

1-4 

tlf 

27 

f  t 

1-28 

1V28 

1-23 

1-13 

1-23 

t4 

21 

•90 

•89 

•88 

•86 

•88 

til 

15 

•60 

•56 

•55 

•53 

•56   ' 

tl 

12 

•58 

•51 

•49 

•46 

•51 

t  f 

9 

B  B 

•51 

•46 

•46 

•2 

•46 

ti 

6 

•28 

•28 

•28 

•28 

•28 

1 

The  lines  marked  (t)  contain  the  results  of  experiments,  and  the  intermediate  lines  those  derived 

from  calculation. 
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TABLE  IV.— FOB  ASCERTAINING  THE  STRENGTH  OF  ROUND-LINK  CRANE  CHAIN. 


Size. 

Weight,  100 
Fathoms. 

Strain,  In  Tons. 

Mean. 

Testing 
Strength. 

Maximum. 

Intermediate  Strains. 

Minimum. 

in. 

Ibs. 

Hi 

15569 

75- 

74-7 

74-5 

68- 

73- 

31-6 

H 

64- 

58-2 

62-3 

27' 

1* 

59- 

53-8 

57-4 

24-7 

if 

54-2 

. 

49-6 

52-8 

22  -G 

ITS« 

49-7 

45-5 

48-4 

20-0 

H 

45-3 

41-7 

44-1 

18-8 

ITS« 

41-2 

. 

38- 

40-1 

17- 

H 

7481 

37-3 

. 

34-5 

36-3 

15-3 

JA 

33-6 

. 

31-2 

32-7 

13-G 

i 

6490 

30-1 

, 

28-1 

29-3 

12- 

M 

5600 

26-8 

25-2 

26-1 

10-5 

i 

4500 

23-7 

22-5 

23-1 

'.'•1 

ttt 

4000 

20-9 

20  3 

20- 

20-4 

7-9 

& 

3449 

17-8 

16-6 

17-3 

6-8 

« 

2900 

14-9 

13-5 

14-6 

5-6 

1 

2538 

12-3 

. 

10-8 

12- 

4-6 

* 

2001 

10- 

8-7 

9-7 

3-8 

1583 

7'9 

6-9 

7-7 

3- 

T^ 

1060 

6- 

, 

5-2 

5-9 

2-3 

f 

827 

4-4 

3-8 

4-3 

1-6 

T^ 

581 

3- 

a 

2-7 

3- 

1-1 

i 

392 

1-9 

9 

1-7 

1-9 

•75 

A 

1-1 

• 

•97 

1- 

•42 

The  lines  marked  (f)  contain  the  results  of  experiments,  and  the  intermediate  lines  those  derived 

from  calculation. 

Experiments  and  Calculations,  made  by  Nicholas  Tinmouth,  to  Determine  the  Curvature  of  Chain 
Cables. — Given  the  length  of  a  chain  cable,  the  vertical  distance  between  its  extremities,  the 
tension  on  the  upper  end,  and  its  weight  100  fathoms ;  to  find  the  angle  between  the  upper  part 
of  the  cable  and  a  vertical  line,  and  that  between  the  lower  part  of  the  cable  and  a  horizontal  line. 
Suppose  the  length  of  chain  cable  100  fathoms;  vertical  distance  between  its  extremities  11 
fathoms ;  strain  on  the  upper  end  40£  tons ;  size  of  cable  1£  in.,  whose  weight  the  100  fathoms  is 
108  cwt.  or  5'4  tons.  Since  100  fathoms  weigh  5'4  tons,  750  fathoms  will  weigh  40J  tonaT  or 
750  fathoms  attached  to  the  upper  end  and  hanging  freely,  will  have  the  same  effect  as  the  strain 
of  40J  tons.  Take  any  vertical  line  A  Q,  Fig.  1830,  equal  to  100  fathoms ;  from  A  as  a  centre, 
and  with  a  radius  equal  to  750  fathoms  describe  the  arc  a  b.  From  Q  as  a  centre,  and  with  a 
radius  equal  to  750  minus  11  or  739  fathoms,  11  fathoms  being  the  vertical  distance  between  tho 


extremities,  describe  an  arc  c  d  intersecting  the  arc  a  b  in  some  point  P.  Join  PA,  P  Q.  On  P  A 
describe  a  semicircle.  The  point  Q  will  in  this  case  be  found  to  Ho  within  the  semicircle. 
Produce  A  Q  to  cut  the  semicircle  in  R.  Join  P  R.  From  P  as  a  centre  with  the  radii  P  Q,  P  R, 
describe  the  arcs  Q  ar,  Q  y,  intersecting  A  P  in  x  and  y.  Then  P  A  Q  is  the  angle  which  the  upjN  r 
part  of  the  cable  will  make  with  a  vertical  line;  as  PA  x  =  79°  52',  Fig.  1831,  and  QPI  tl... 
angle  which  the  lower  part  of  the  cable  makes  with  a  horizontal  line,  as  L  Q  r,  Fig.  1831,  =  V 
A  x,  Figs.  1830, 1831,  is  the  vertical  distance  between  the  extremities  of  the  cable.  As  tho  longth 
A  Q,  Fig.  1830,  of  the  cable  is  increased,  tho  point  Q  approaches  tho  point  R,  and  tho  angle  Q  P 

forms  a  tnngcnt  to  tlio 

p o ,  t,.|l.yAl; 

=  131*89 'fathoms,  and  is  a  semi-catenary,  the  horizontal  line  Ry,  Fig.  1831,  being  a.  tangent  to 
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CABLE. 
TABLE  V.— RESULTS  op  CALCULATIONS  ON  THE  CATENARY  CURVE  OP  A  CHAIN  CABLE 


Length  of  Cable,  100  Fathom*. 

Testing  Strain,  40J  Tons  on  the  Cable. 

Depth. 

11  Fathoms. 

1  Fathoms. 

Suspended  In 
Air. 

Correction  for 
the  Buoyancy 
of  Water. 

Suspended  in 
Air. 

Correction  for 
tin-  Huovuncy 
of  Water. 

Angle  between  the  upper  end  of  the  cable  and  n~\ 
vertical  line  / 

79°  52'  16"  -66 

2°  28'  25"  -09 
131  -895  faths. 
11  -68  faths. 

127-98  faths. 
80°  10'  29"  -88 

80°  21  '26"  '55 

39-927  tons 
6  -78  tons 

2°  57'  59"  -37 
2  -067  tons 
143-88  faths. 
as  above 
12  -136  faths. 

0 
137  -03  faths. 

80°49'15"-3 

39  -98  tons 
6  -46  tons 

0 

82°  9'  50" 

0°  10'  26"  -15 
102  -16  faths. 
7  -0034  faths. 

102-23  faths. 
82°  9'  56"'  94 

82°  38'  28"  -3 

40  -166  tons 
5  -187  tons 

0°  39'  19"  -07 
0-459  ton 
109-71  faths. 
as  above 
7-055  faths. 

0 
109  -29  faths. 

82°  40'  12"  -38 

40  -1688  tons 
5-167  tons 

0 

Horizontal  pull  on  the  ship  and  anchor     
Vertical  force  to  depress  the  bow        
Angle  between  lower  end  of  cable  and  a  horizontal1! 

Vertical  force  to  lift  the  anchor  
Length  of  semi-catenary,  of  which  the  100  fathoms') 
is  a  segment         / 

The  forces  on  the  bow,  and  horizontal  force  on  anchor 
Depth  of  the  semi-catenary,  of  which  length  1001 
fathoms  is  a  segment         / 

Lower  part  hangs  horizontally,  hence  force  to  lift  j 
anchor  / 

Length  of  semi-catenary  at  the  depth  specified  in  the 
respective  columns,  or  the  greatest  length  of  cable 
that  can  be  employed,  so  that  no  part  of  it  shall 
lie  on  the  ground        

Angle  between  the  upper  end  of  this  semi-catenary  "I 
and  a  vertical  line      / 

Horizontal  pull  on  ship  and  anchor    
Vertical  force  to  depress  the  bow        
Lower  part  hangs  horizontally,  hence  force  to  lift  the"! 
anchor  / 

it  at  its  lowest  point  B;  the  vertical  distance  between  its  extremities  being  DR  or  Ay  =  11- 68 
fathoms,  which  corresponds  with  Ay,  Fig.  1830,  measured  on  its  proper  scale.  A  Q,  Figs.  1830, 
1831,  is  a  segment  of  the  semi-catenary  A  R.  Hence  a  diagram  being  constructed  as  above,  if  the 
point  Q,  Fig.  1830,  should  be  found  to  lie  within  the  semicircle,  the  cable  forms  a  segment  of  a 
semi-catenary,  and  its  lower  part  makes  an  angle  with  a  horizontal  line ;  if  the  point  A  O,  Fig. 
1891,  lie  in  the  circumference  of  the  semicircle,  the  cable  forms  a  complete  semi-catenary,  to  the 
lowest  point  of  which  a  horizontal  line  forms  a  tangent.  If  the  point  Q  be  found  to  lie  without  the 
semicircle  as  q,  Fig.  1830,  the  length  A  R  will  form  a  semi-catenary;  and  the  remaining  portiou 
R  qt  which  is  beyond  the  semicircle  will  rest  on  the  ground,  as  R  g,  Fig.  1831. 

1831. 


D     C 


If  it  be  required  to  ascertain  what  length  of  chain  cable  will  form  a  complete  semi-catenary,  at 
the  proposed  depth  Ax,  or  11  fathoms;  let  the  arc  x  Q,  Fig.  1830,  be  continued  until  it  intersects 
the  semicircle  in  some  point  S  ;  join  A  S,  P  S,  then  A  S  is  the  length  required  ;  which  is  the 
greatest  length  of  cable  that  can  be  employed  with  a  depth  of  11  fathoms,  so  that  no  part  of  it 
shall  rest  on  the  ground,  as  A  n  S,  Fig.  1831.  The  angle  P  A  Q,  Fig.  1830,  or  P  A  x,  Fig.  1831, 
which  the  upper  part  of  the  cable  makes  with  a  vertical  line,  may  be  found  from  the  following 

expression:    cos.  PAQ  =  ^—^  +p^  Q)*  A~^F  ^  •    Substituting  for  PA,  750  fathoms;  for 

It  x  i  A.  X  A.  Q 

P  Q,  739  fathoms  ;  and  for  A  Q,  100  fathoms  : 


And  from  a  table  of  cosines  we  have  angle  P  A  Q,  or  P  A  or,  Fig.  1831,  =  79°  52'  16"  -66. 

The  angle  Q  P  R,  Fig.  1830,  or  L  Q  r,  Fig.  1831,  which  the  lower  part  of  the  cable  makes  with 
a  horizontal  line,  may  be  found  from  the  following  expression  : 
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100  FATHOMS  IN  LENGTH  AND  H-ra.  IN  DIAMETER,  TNDER  GIVEN  STRAINS  AND  DEPTHS  OF  WATER. 


Minimum  Breaking  Strain,  64  J  Tons  on  the  Cable. 

Mean  Breaking  Strain,  69)  Tons  on  tb*  Cable. 

Depth. 

Depth. 

11  Fathoms. 

7  Fathoms. 

11  Fathoms. 

1  Fathom*. 

Suspended  in 
Air. 

Correction  for 
the  Buoyancy 
of  Water. 

Suspended  in 
Air. 

Correction  for 
the  Buoyancy 
of  Water. 

Suspended  in 
Air. 

Correction  for 
the  Buoyancy 
of  Water. 

Suspended  In 
Air. 

Correction  for 
toe  Buoyancy 
of  Water. 

80°  51'  16"  '28 

81°  12'  45"-  12 

83°  8'  54"  -17 

83°  29'  9"  -55 

81°  5'  35"  -25 

81°  25'  13"  -31 

83°  23'  14"  -61 

83°  42'  251  -46 

53-86  tons 

54  -148  tons 

„ 

58-834  tons 

a 

59-  14  tons 

8  -326  tons 

.. 

6-17  tons 

.. 

8-876  tona 

.. 

c.  :.j  t..!.. 

3°  28'  10"  '54 

3°  49'  52"  -29 

1°  9'  59"  -26 

1°  31'  54"-  18 

3°  42'  38"-  55 

4°  2'  27"  -78 

1°  24'  25"  -45 

le43'43"-l'J 

3-6  tons 

1-448  ton 

4  -156  tons 

.. 

1-784  ton 

ICO'  41  faths. 

176  -43  faths. 

120  -403  faths. 

130  -32  faths. 

170  -598  faths. 

188  -06  faths. 

126  -88  faths. 

137-67  fatha. 

as  above 

.. 

as  above 

.. 

os  above 

.. 

as  above 

12-83  faths. 

13-  55  faths. 

7  -207  faths. 

7  '43  faths. 

13-286  faths. 

14  -106  faths. 

7-33fatha. 

7  -568  faths. 

•  • 

0 

•• 

0 

•• 

0 

•• 

0 

148  -6  faths. 

159  -018  faths. 

118  -56  faths. 

126-74  faths 

155-  35  faths. 

166  '16  faths. 

124  -00  faths 

132  -42  faths. 

81°32'0" 

82°  5'  9"  -08 

83°  14'  52"  -96 

83°  40'  41"  -5 

81°  53'  41"-  5 

82°  25'  32"  -74 

83°  32'  18"-  14 

83°56'2"-S5 

53-981  tons 

54  -168  tons 

M 

58-98  tons 

.. 

59-lG6tnns 

7-5  tons 

.. 

6-00  tons 

•  • 

7  -842  tons 

•  • 

6-27  tons 

•• 

0 

« 

0 

-- 

0 

•• 

0 

Substituting,  as  before,  the  proper  values  of  P  A,  P  Q,  and  A  Q, 

sin  O  P  B  =  (— -'  ~  (739)*  ~  (100)i  =  0-043159  to  rad.  1. 
•r  y  2  X  100  X  739 

And  from  a  table  of  sines  we  have  angle  0^L  Q  x  =  2°  28<  25" -09 

The  greatest  length  of  cable  that  can  be  employed  with  a  depth  of  11  fathoms  so  that  no  part 
of  it  may  rest  on  the  ground  is  A  S,  which  is  equal  to  V(AP)*  -  (P  S)».  Substituting  for  A  P 

*  A     O  *I?Cr»       1  CQO.    1  J ' '" Ti 

j  r»c  +v,  •»  ,roin0a       A8»    **"  >  —  v  ( 750Y  —  (739)*  =  127 '9  fathoms, 

and  r  a  tneir  values  or  ^  n  g  fig.  1831  / 

The  angle  PAS,  which  this  length  of  cable  makes  with  a  vertical  line  may  be  found  from  the 
expression  sin.  P  A  S  =  ^ .  Now  P  S  =  P  Q  =  739  fathoms,  and  P  A  =  750  fathoms.  Hence, 
by  substitution,  sin.  P  A  S  =  ^  =  0-9853  to  radius  1;  and  from  a  table  of  sines  we  have 

angle£AS'i:!?-^?}  =  80°10'' 


01  aThier^8ftion*which  *a  chain  cable  would  assume  under  any  given  circumstancos  may  also  be 

oMtsSs^^s^i*'!§^fSS5^^± 

between  the'  extremities °1  ^fathoms,  and  strain  on  the  upper  end  40J  tons : 
The  weight  of  100  fathoms  of  1  J-in.  chain  cable  ia  108  cwt. 

p  -in.  if  1*^  cwt.  i*  fjr.  zi  IDS. 

The  proportionate  strain  to  te  applied  to  the  frin.  chain  may  be  ft 

Weight  of  chain  the  100  fathoms      lenpth  of  clmin 
=  Weight  of  cable  the  100  fathoms  X  length  of  ral.U- 
cwt  qr.  lb».       ft        ton*,     cwt.  qr».  Iba. 

=  (by  substitution)  l-^^  x  ^  x  40i  =  4   2  27-552. 
The  length  of  the  experimental  chain  being  fc  the  length  of  the  cable,  the  vertical  dbta** 
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from  enlrnlation  for  n  U-!n.  chain  mliloof  100  fathoms  on  n  ^  wnlo.  The  deflection  at  the  middle 
of  the  longtli  from  n  straight  lino  joining  the  extremities  of  the  chain  measured  5  in.  This 
drlliftion,  ^Multiplied  by  24,  gives  the  deflection  on  the  full  scale  10  ft.,  agreeing  with  the  result 


of  ruU'ulutlon. 

Let  one  end  of  a  chain  cable  be  made  fast,  and  a  given  strain  act  on  the  other  end  ;  both  extre- 


K  Pal  right  angles  to  All;  from  A  as  a  centre,  with  a  radius  equal  to  750  fathoms,  or  the 
lxT  of  fathoms  of  a  H-in.  chain  cable  due  to  40£  tons  strain,  describe  an  arc  ab  cutting  R  P 

in  1* ;  join  P  A ;  from  P  as  a  centre,  with  a  radius  P  R  describe  the  arc  R y  cutting  A  P  in  y. 

A ;/  is  the  required  depth  of  the  lowest  part  of  the  chain. 

The  same  may  also  be  found  from  the  expression 

Depth  of  lowest  point  of  cable  =  T  —  4/T2  —  sr ; 

where  T  is  equal  to  P  A,  the  tension  at  A  in  fathoms  of  chain,  or  750  fathoms  •  and  s  is  equal  to 
A  R  the  half-length  of  cable,  or  50  fathoms.     Hence,  by  substitution, 

Depth  of  lowest  poiut  of  cable  =  750  -  v'(750)2  —  (50)2, 

=  750  -  748-331  =  1-GG8  fath. 
G 


10-008  ft. 

The  deflection  of  a  cable  from  a  horizontal  line  may  also  be  found  experimentally,  by  the  sus- 
pension of  a  small  chain  of  any  assumed  length. 

I  .rt  the  size  of  the  experimental  chain  be  •&,  length  25  ft.,  weight  the  100  fathoms,  15  cwt.  0  qr. 
21  Ibs. 

The  proportionate  weight  to  be  attached 

Weight  of  chain  the  100  fathoms      length  of  chain      8train 
Weight  of  cable  the  100  fathoms      length  of  cable 
cwt  qr.  Ibs.        ft.       tons.      cwt.  qrs.  Ibs. 

15   0   21       25 
=  (by  substitution)  — ^ —  x  —  x  40£  =  4   2    27 '552. 

The  length  of  the  chain  in  this  experiment  being  JL.  the  length  of  the  chain  cable,  the  curve 
observed  is  the  curve  on  a  -^  scale,  which  the  cable  will  form. 

The  deflection  was  found  to  be  4^,  which  being  multiplied  by  24  gives  the  deflection,  or 
depth  of  the  lowest  point  of  the  cable  of  100  fathoms  with  40f  tons  strain,  equal  to  9  ft.  lOf  in. 
Let  the  same  be  tried  with  12f  ft.  of  f-in.  chain,  weighing  7 '96  cwt.  to  the  100  fathoms. 

Proportionate  weight  to  be  attached 

Weight  of  chain  the  100  fathoms      length  of  chain 

°       v  __  v  strain 

Weight  of  cable  the  100  fathoms      length  of  cable 

ft        tons.    cwt.  qr.  Ibs.     oz. 
=  (by  substitution)  — — -  x  .— ^  x  40f  =  1    0    27    4 '7. 

The  length  of  chain  in  this  experiment  being  •£%  of  the  length  of  cable,  the  curve  observed  is 
that  on  a  JU  scale,  which  the  cable  will  form.  The  deflection  was  found  to  be  2^  of  an  in.,  which 
multiplied  oy  48  is  9  ft.  3  in.,  the  depth  of  the  lowest  point  of  the  cable. 

Let  the  size  of  the  cable  be  as  before  If  in.,  and  the  strain  40f  tons,  but  the  length  12 J 
fathoms.  Take  a  vertical  line  A  R,  Fig.  1831,  equal  to  one-half  the  length  of  the  cable,  or  6} 
fathoms ;  from  R  draw  the  line  R  P  at  right  angles  to  A  R ;  from  A  with  the  radius  750  fathoms, 
being  the  number  of  fathoms  of  a  If -in.  chain  cable  due  to  a  strain  of  40f  tons,  describe  an  arc  a  & 
cutting  R  P  in  P  ;  join  P  A ;  from  P  with  the  radius  P  R  describe  the  arc  R  y  cutting  A  P  in  y. 
A  y  is  the  required  depth  of  the  lowest  point  of  the  chain. 

The  same  may  also  be  found  from  the  expression 

Depth  of  lowest  point  of  cable  =  T  -  VT2  -  s* ; 

where  T  is  equal  to  P  A,  the  tension  of  A  in  fathoms  of  chain,  or  750  fathoms ;  and  s  =  A  R,  the 
half-length  of  the  cable,  or  6-25  fathoms.    Hence,  by  substitutior 


Depth  of  lowest  point  of  cable  =  750  - 

=  750  -  749-974  =  0'026  fatb 
6 


0-156  ft. 
12 


1-872  in. 
=  1|  in.  nearly. 

The  deflection  may  also  be  found  by  experiment.     Suppose  a  length  of  25  ft.  of  &  chain, 
weighing  15  cwt  0  qr.  21  Ibs.  to  the  100  fathoms,  be  taken  for  the  experiment. 
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Then  the  proportionate  weight  to  be  attached  is 
_  Weight  of  chain  the  100  fathoms 
~  Weight  of  cable  the  100  fathoms 
cwt  qr.  Ibs.       ft 

.,         ,    ...    , .     .  15    0   21      27 

=  (by  substitution)  — — —  x  — 

108  75 


length  of  chain 

- 


length  of  cable 
tons.       ton.  cwt  qre.  Ibs. 

X  40}  =   1     17    3 


x  strain 


24}. 


The  length  of  the  chain  in  this  experiment  being  $  the  length  of  the  chain  cable,  the  curve 
observed  is  that  which  the  cable  will  form  on  a  scale  of  $. 

The  deflection  was  found  to  be  i|  of  an  in.,  which,  multiplied  by  3,  is  equal  to  2^  in.  On  the 
addition  of  \  cwt.  to  the  above  weight,  the  deflection  was  4  of  an  in.,  which,  multiplied  by  3  =  It, 
agreeing  with  the  calculation.  As  the  nip  on  the  roller  where  the  weight  was  attached  was  consi- 
derable', it  is  probable  that  the  chain  was  not  sufficiently  free. 

The  experiment  was  also  tried  with  a  f-in.  chain,  weighing  7 '96  cwt.  the  100  fathoms,  and 
12}  ft.  long. 

The  proportionate  weight  to  be  attached 

_  Weight  of  chain  the  100  fathoms      length  of  chain 
~~  Weight  of  cable  the  100  fathoms  X  length  of  cable  X 

ft         tons.  ton.       cwtqrs.  Ibs. 

7*96       12i 
=  (by  substitution)  — —  x  ^  x  40}  =  0-49766  =  9   3   22-32 

lUo  ID 

The  length  of  the  chain  in  this  experiment  being  £  of  the  length  of  the  cable,  the  curve  observed 
ia  that,  on  a  scale  of  £,  which  the  cable  will  form. 

The  deflection  was  found  to  be  ^,  which,  multiplied  by  6,  is  equal  to  f  $  =  1 J  in,  which  agrees 
•with  the  calculation. 

The  weight  attached  was  1}  Ib.  more  than  should  have  been  employed. 

Where  the  result  of  the  experiment  does  not  exactly  agree  with  that  of  calculation,  it  is  owing 
an  imperfection  in  the  experiment.  See  ANCHOR.  FOUNDING,  CASTING,  AND  FOEGING.  MATERIALS 
OF  CONSTRUCTION,  Strength  of.  ROPE-MAKING  MACHINERY. 

CAGE,  SAFETY.  FR.,  Cuff  at  des  mines  de  houille;  GER.,  KObcl,  Fahrstuhl ;  ITAL.,  GaMna  di 
sicurezza. 

The  safety-cage  of  J.  P.  Harper  with  conducting  ropes  of  iron  wire  is  represented  and  the 
mechanical  arrangements  illustrated  in  Figs.  1832  to  1835.  Fig.  1832  is  of  this  cage  in  working 
order;  Fig.  1833,  sectional  elevation  of  compressors  when  not  in  action;  Fig.  1834,  sectional 
elevation  of  the  compressors  when  first  brought  into  action;  and  Fig.  1835,  elevation  of  com- 
pressors when  in  extreme  action,  showing  the  conducting  iron-wire  rope  in  a  compressed  state. 


1833. 


1834. 


L^-J 

| 

1 

the  ordinary  wire-rope  conductors. 


in  principle  and  detail  from  any  that  have  P«f»d,e<1J»'  •£ 
,  xif-*  it  ^  specially  designed,  constructed,  and  adapted 
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Safety-cages  Imvo  hitherto  been  brought  out  more  particularly  for  adaptation  to  the  wooden 
guides,  l>iit,  as  tlieso  are  becoming  superseded  by  the  iron-wire  ones  on  account  of  their  durability 
and  cheapness — if  safety-cages  arc  to  be  universally  adopted,  they  must  be  made  applicable  to 
wiro-ropo  conductors. 

Safety-cages  can  be  used  to  greater  advantage  in  connection  with  the  iron-wire  than  with 
the  wooden  guides,  for,  with  the  wooden  ones,  sharp-pointed  or  toothed  instruments  are  usually 
brought  to  clutch  or  dig  into  the  conductor;  and  if  it  so  happens  that  the  length  of  guide-rods  oil 
\\  liieli  Hie  apparatus  is  brought  to  play  be  rotten,  unsound,  infirmly  fixed,  or  in  any  way  defective, 
the  .safety  apparatus  is  of  no  avail;  indeed  sometimes,  be  the  rods  ever  so  sound  and  in  good 
repair,  wo  hear  of  accidents  occurring,  owing  to  the  guide-rods  being  split  and  ripped  down  by 
the  apparatus  brought  to  bear  on  them. 

Accidents  of  this  description  are  loss  liable  to  occur  with  the  iron-wire  guides.  It  has  been 
found  that  it  would  not  do  to  employ  an  instrument  with  a  sharp  point,  a  toothed  or  uneven 
surface,  to  bear  on  the  conductors,  for,  as  the  circumference  of  a  wire  rope  is  uneven,  they  would 
cut  and  injure  the  more  prominent  parts. 

This  safety-cage  acts  effectually  without  damaging  or  depreciating  in  the  least  the  wire  con- 
ductors, of  whatever  description  they  may  be.  The  apparatus  is  extremely  simple,  substantial, 
inexpensive  in  its  construction,  is  not  easily  deranged,  and  can  bo  applied  to  cages  and  hoists,  of 
whatever  description  or  size,  whether  conducted  at  the  ends,  corners,  or  sides,  and  carrying  any 
weight.  The  principle  by  which  the  apparatus,  on  the  severance  of  the  winding-rope  from  the 
cage,  is  brought  to  bear  on  the  conductors  is  by  compression ;  and  its  operation  is  (of  its  own 
accord)  to  bring  the  cage  to  an  immediate  stand  by  means  of  catches  or  compressors,  which  fasten 
on,  encircle,  and  compress  not  only  the  sides  but  the  whole  circumference  of  the  conductor.  When  the 
winding-rope  is  readjusted  by  the  tension  of  the  rope,  the  compressors  at  the  same  instant  release 
their  grasp  of  the  conductors,  and  the  whole  is  again  in  working  order. 

The  general  features  of  the  cage  will  bo  readily  seen  on  examining  Fig.  1832.  The  catches, 
or  more  properly  the  compressors,  are  of  peculiar  shape:  Figs.  1833  to  1835  show  their  positions 
when  out  of  play  and  held  from  the  guides  by  the  tension  of  the  rope,  the  position  they  assume 
when  first  brought  into  play,  and  the  iron-wire  guide  in  extreme  compression.  This  will,  of  course, 
vary  in  proportion  to  the  weight  on  the  cage  at  the  time  they  are  brought  into  requisition. 

Fig.  1832  is  a  design  for  double  cages  in  a  13-ft.  shaft,  fitted  with  wire-rope  conductors,  each 
cage  having  two,  three,  or  four  guides  as  may  be  required,  and  single  or  double  tiered  to  carry 
either  two  or  four  wagons. 

The  cage,  Fig.  1832,  though  conducted  by  four  guides,  the  apparatus  is  brought  to  bear  on  two 
only,  that  is,  across  the  corners.  The  compressors,  A,  Fig.  1835,  made  of  malleable  iron  and 
case-hardened,  are  of  peculiar  construction,  made  in  a  fork-like  shape,  and  of  any  proportionate 
elevational  depth :  see  Fig.  1834.  They  work  on  each  side  of  the  conductors  on  axles  B  attached 
to  the  cage,  and  when  not  in  play  are  held  by  the  tension  of  the  winding-rope  at  an  acute  angle  ; 
and,  when  brought  into  play,  slide  into  each  other,  and  encircle  the  conductor,  assuming  a  nearly 
horizontal  position,  and  forming,  both  in  plan  and  elevation,  a  circular  hole  the  full  depth  of  the 
compressors,  but  less  in  diameter  than  the  conductor,  so  that  as  the  angle  is  made  to  increase  in 
proportion  to  the  weight  on  the  cage,  so  will  fhe  compression  also  increase  on  the  conductors. 

The  compressors  A  are  constructed  with  lever  ends,  and  when  the  cage  hangs  freely  on  the 
winding-rope  they  are  held  away  from  the  conductors  by  side  rods  D,  attached  on  each  side  of 
the  cage  to  main  vertical  and  shouldered  rods  E  working  through  guide-boxes  F,  in  which  are 
inserted  spiral  springs  (merely  to  give  impetus  to  the  compressors)  bearing  on  the  inside  shoulders 
of  the  main  vertical  rods  E,  which  are  connected  on  each  side  of  tho  cage  by  a  cross-bar  G, 
working  over  the  top  or  cover  of  the  cage  H,  and  attached  to  the  winding-rope.  To  prevent  the 
compressors  A  wrenching  apart,  they  are  connected  by  a  front  tie-plate  C.  K  represents  ordinary 
cast-iron  guide-boxes  through  which  the  conductors  slide. 

It  will  be  seen  that  when  the  cage  hangs  freely  on  the  rope  the  shoulders  on  the  main  vertical 
rods  E  are  brought  up  by  means  of  the  cross-bar  G  to  the  under-sides  of  the  guide-boxes  F,  and 
the  compressors,  now  being  held  away  from  the  conductors,  are  allowed  to  pass  freely  between  the 
forks  of  the  catches ;  but  immediately  on  the  rope  becoming  disconnected  from  the  cross-bar  G 
the  concealed  spiral  springs,  hitherto  held  in  subjection,  are  released,  give  impetus  to  and  assist 
in  bringing  the  compressors  A  into  instantaneous  play,  which,  then  sliding  into  one  another,  so 
close  round  and  compress  the  conductor  into  a  circular  hole,  less  in  diameter  than  the  conductor 
itself,  through  which  it  is  impossible  for  it  to  pass ;  hence  the  cage  is  brought  to  an  immediate 
stand. 

In  the  arrangements  by  which  the  compressors  are  connected  to  the  winding-rope,  it  will  be 
perceived  that  both  sets  must  work  simultaneously  on  the  guides,  and  are  such  as  cannot  be  easily 
deranged. 

CAISSON.     FB.,  Caisson;  GEB.,  Versenkkast en ;  ITAL.,  Cassone  a  cilindro ;  SPAN,,  Cajon. 

Floating  bodies,  constructed  of  sheet  iron,  designed  to  open  or  close  the  entrances  of  a  docks  or 
basins,  are  termed  caissons. 

The  engravings,  Figs.  1836,  1837,  represent  one  of  the  caissons  for  closing  dock  or  basin 
entrances  at  Haulbowline  Navy  Yard,  Cork,  constructed  by  A.  Clarke.  It  is  one  of  the  class 
termed  sliding  caissons,  and  is  drawn  into  a  recess  formed  for  its  reception  at  right  angles  to  the 
entrance  of  the  dock  or  basin,  when  the  entrance  is  opened  to  allow  ships  to  pass  in  or  out.  Such 
caissons  are  also  used  as  roadways  for  the  traffic,  usually  very  heavy,  passing  across  the  entrance 
of  the  dock  or  basin. 

The  object  sought  is  to  preserve  the  roadway  or  deck  of  the  caisson  level  with  the  wharf  on 
one  side  of  the  entrance  and  with  the  cover  of  the  recess  on  the  other  side  when  the  caisson  is  in 
its  place  and  being  used  as  a  roadway  ;  likewise  to  keep  the  sides  of  the  entrance  level  and  free 
from  obstruction  when  the  caisson  is  drawn  into  its  recess,  and  the  operation  of  taking  ships  into 
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w  out  of  the  dock  or  basin  is  in  progress.  These  objects  have  hitherto  been  accomplished  by 
IS-  the  deck  of  the  caisson  capable  of  being  lowered,  when  it  is  necessary  to  draw  the  caisson 
StoaSd  under  the  cover  of  the  recess,  or  by  lowering  the  caisson  bodily  by  sinking  it  to  a 

^^£^ite^^  tha<°f  «—  «  and  rring  YThi 

of  the  coveTof  the  recess  sufficiently  to  allow  the  caisson  to  pass  down  a  series  of  .lope,  at  the 
Wtom^f  the  recess  and  entrance;  these  slopes  being  so  ad  usted  that  when  the  caisson  is  drawn 
mJetey  into  "f  recess  it  has  become  lowered  to  a  very  small  extent,  and  at  the  same  time  ,  so 
SSn  out  of  the  level  as  to  fit  under  the  cover,  which  for  this  purpose  is  fi*™*^*** 

the  entrance.    The  part  of  the  cover  which  was  raised  to  allow  the  cai«ou  to 

r^^  -ighj  l^rne  by  the  ^ 


1836. 


Am  b7  the  dotted  line  to  >*^$-'2fS  S?V 

ways  E  of  any  mud  which  J^  JfSfiSSfSSt  ««-»  *ben  di8C°D- 
The  caisson  can  \^g^T£^SSFy  placing  one  of  these 
nected  from  the  cross-head  L  H,  d    uming  the  water  out 


vessel,,  in  both 
termed  caissons.     In  military 
and  also  the 


to  be'laid  in  the 


: 
canuot 


o 

timbers,  used  for  laying  the  foundations  oi  ^.^^ 

SS. 
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a  double  friction  clutch  is  placed  between  the  pulleys,  for  the  purposes  of  starting,  reversing,  or 
stopping  the  machine— the  handle  A  being  retain. •<!  in  a  central  position  by  a  spring  catch.  The 
calender  docs  not  require  to  be  attached  to  side  walls ;  a  foundation  capable  to  carry  its  weight  is 
sufficient.  The  crane  motion  for  lifting  the  levers  and  top  rollers  is  fixed  to  the  frame,  and  the 
top  rollers  are  held  in  position,  when  suspended,  by  a  friction  strap  which  also  serves  to  lower  the 
rollers.  The  blocks  for  the  journals  of  the  rollers  are  not  attached  to  the  framing,  the  brasses 


being  set  forward  by  side  screws  when  they  wear  in  the  blocks,  thus  keeping  the  rollers  in  the 
centre ;  the  upper  part  of  the  block  being  made  hollow,  so  that  the  journal  may  be  lubricated. 
Pressure  is  applied  by  weights  suspended  by  the  chain  at  Z,  which  is  coiled  on  the  screw  pulley, 
and  is  equal  to  about  22  tons,  which  includes  the  weight  of  the  rollers.  By  reversing  the  chain 
on  the  screw  pulley,  the  weights,  when  a  light  pressure  is  required,  may  be  made  to  counterbalance 
the  weight  of  the  levers  and  top  rollers. 

Calender  with  Five  Hollers;  designed  and  constructed  by  A.  More. — Fig.  1839  is  an  end  view; 
Fig.  1840,  a  side  elevation.  The  same  letters  of  reference  denote  the  same  parts  in  each  view. 
A,  A,  A,  three  cylinders  or  rollers  made  of  paper,  the  construction  of  which  will  be  noticed  after- 
wards. B  B.  two  cast-iron  cylinders,  made  hollow  to  allow  of  the  introduction  of  hot  bolts  within 
them :  or  of  steam  when  it  is  required.  C  C,  the  two  side  frames  into  which  are  fitted  the  several 
brass  bushes  for  the  cylinders  to  turn  upon.  D  D,  top  guides  into  which  the  cross-head  G  a:id 
elevating  screws  H  H  work.  E  E,  top-pressure  levers  connected  by  a  strong  rod  of  iron  with  the 
tinder-pressure  lever  F.  This  system  of  levers  is  connected  with  the  cross-head  G  by  two  strong 
links  of  iron.  The  elevating  screws  H  H  pass  through  the  cross-head,  and  rest  upon  a  strong 
cast-iron  block,  into  which  is  fitted  the  brass  bush  of  the  top  paper  roller.  By  means  of  the  screws, 
the  cross-head  and  levers  can  be  raised  or  depressed  as  required,  and  when  the  calender  is  working 
warm  and  requires  to  be  stopped,  the  elevating  screws  are  screwed  up  for  the  purpose  of  lifting  the 
paper  rollers  off  the  hot  cylinders,  to  prevent  their  being  injured  by  the  heat. 

The  construction  of  the  paper  rollers  or  cylinders  is  as  follows : — Upon  each  end  of  a  journal 
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of  malleable  iron,  of  sufficient  strength  to  withstand  the  necessary  pressure  without  yieldm-  i, 
fastened  a  strong  plate  of  cast  iron,  of  the  same  diameter  as  the  roller  to  be  made-  the 
secured  in  its  proper  place .by  a  ring ;  of  iron,  cut  in  two,  and  let  into  a  groove  or  check  turn' 
the  journal      When  the  roller  is  finished,  the  annular  pieces  are  kept  in  their  proove  by  a  S  hoop 
put  upon  the  outside  of  them  and  allowed  to  cool.     A  plate  is  fitted  on  the  other  end  of  e 
the  same  size  and  m  the  same  manner.    In  building  the  rollers,  one  of  the  plates  is  taken  off  the 
journal,  but  the  other  is  allowed  to  remain  in  its  place.    The  paper  sheets  of  which  the  rollers  are 


C  = 


\\ 


to  be  made  have  each  a  circular  hole  cut  in  the  centre  of  it,  of  exactly  the  same  diameter  as  tho 

journal.     The  sheets  are  then  put  upon  the  journal,  and  pressed  hard  against  the  lixed  jilate. 

When  the  journal  is  filled  with  paper,  it  is  put  into  a  strong  hydraulic  press  and  pressed  together. 

always  adding  more  paper  to  make  up  the  deficiency  caused  by  compression,  until  the  mass  will 

press  no  harder.     The  half  rings  are  then  put  in  their  place,  to  prevent  the.  jilute  from  being 

pressed  back  by  the  elasticity  of  the  paper.    The  roller  is  now  to  be  dried  sufficiently  in  a  stove, 

the  heat  of  which  causes  the  paper  to  contract  so  as  to  be  quite  loose.    The  roller  is  then  again 

taken  to  the  press,  and  the  unfixed  plate  being  removed,  more  paper  is  added,  and  the  whole 

again  compressed  until  the  roller  is  hard  enough  for  the  purpose  to  which  it  is  to  bo  applird.     It 

is  next  turned  truly  iu  a  lathe  till  it  acquires  a  very  smooth  surface.    The  woodcut,  FL    !  - 1 1. 

shows  the  manner  in  which  the  calender  is  geared  to  make  it  a  glazing  calender,    lit  this  cut, 

a  marks  the  top  cylinder  of  the  calender,  upon  which  is  keyed  a 

spur-wheel  6 ;  and  c  is  the  under  cylinder,  upon  which  is  also 

keyed  a  spur-wheel  d.    The  intermediate  or  carrier  wheel  e  e, 

when  drawn  into  gear,  reduces  the  speed  of  the  under  cylinder  c 

one-fourth.  Now,  the  cylinder  a  being  the  one  that  gives  motion 

to  all  the  rollers,  and  revolving  always  at  the  same  speed,  tho 

cloth,  in  its  passage  through  all  the  rollers  below  the  cylinder 

a,  is  carried  through  at  a  speed  one-fourth  less  than  if  it  \         i 

only  below  the  cylinder  a;  consequently,  when  it  comes  into 

contact  with  a,  it  is  rubbed  and  thereby  <//•  w/,  in  consequence 

of  the  cylinder  a  moving  one-fourth  quicker  than  the  cloth,  aa 

above  stated.     The  woodcut,  Fig.  1842,  shows  the  manner  in 

•which  the  rollers  are  lifted  clear  of  each  other  when  the  iniu-him- 

is  stopped.  In  this,  e  e  are  two  rods  of  iron  attached  to  tho  block 

or  seat  of  the  top  roller;  bf<j,  three  bridges  of  malleable  iron, 

capable  of  sliding  upon  the  rods  ee,  but  held  fast  ujwn  tho 

rods  when  once  they  are  adjusted  to  their  proper  places  by  pinching-screws.     The  bridge  6 

placed  i  an  iu.  clear  of  the  bearing  of  tho  cylinder",  wh.-ii  all  tho  rollers  are  routing  upon  < 

other ;  the  bridge  /  is  placed  1  in.  below  the  bearing  of  tho  paper  roller  A ;  nnd  the  bridge  g  IB  pln< 

ij  in.  below  the  bearing  of  the  cylinder  c.    When  the  pressure-screws  of  the  calender  are  1;       i. 

the  blocks  of  the  top  roller  being  attached  to  them,  the  rods  ee  are  lifted  also,  and  nl-i 

them  the  different  rollers,  as  the  bridges  successively  come  into  contact  with  their  retpec 

bearings. 

The  manner  of  passing  the  cloth  through  the  calender  varies  vi-ry  mu.-h  n« 
amount  of  finish  required  upon  it.    The  various  methods  are  nroompliahed  by  d 
ments  of  the  gearing,  so  that  a  calender  calculated  to  do  all  the  different  kind"  < 
a  very  complicated  machine,  on  account  of  the  quantity  of  gearing  required.    For  oo 
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the  method  of  passing  tho  cloth  through  the  calender  is  as  follows ;— The  cloth  is  passed  alternately 
over  ami  under  n  series  of  rails  placed  in  front  of  tho  machine,  so  as  to  remove  any  creases  that  may 
be  in  it  and  is  then  introduced  between  the  lower  roller  A  and  cylinder  B ;  returns  between  the 
lower  cylinder  B  and  the  centre  roller  A;  passes  again  between  the  central  A  and  the  upper  B, 
aii.l  n-'u'in  returns  between  tin-  top  pair  A  B,  where  it  is  wound  off  on  a  small  roller  (hid  in  the 
drawin'"*  by  the  framing  of  tho  machine),  pressing  against  the  surface  of  the  top  roller  A.  When 
this  small  "roller  is  tilled  with  cloth  it  is  removed,  and  its  place  supplied  by  another,  to  be  in 
succession  filled  as  the  motion  of  the  machine  progresses. 

Water- Wanqle  vith  Ttro  Copper  and  Three  Wooden  Hollers;  designed  and  constructed  by  A.  More. 
— Thia  machine/Figs.  1813,  1814,  differs  nothing  in  principle  and  little  in  general  construction 
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from  the  five-rollered  calender  above  described,  except  in  this,  that  it  is  intended  for  wet  goods. 
it  is  drawn  on  a  scale  slightly  less,  but  the  views  given  and  the  lettering  of  the  parts  correspond 
to  those  of  the  preceding  figures.  A,  A,  A,  three  wooden  rollers,  and  B  B  the  two  copper  rollers  of 
the  mangle.  These  last  consist  of  a  copper  cover  upon  a  cast-iron  body,  through  which  passes  a 
wrought-iron  journal,  differing  from  those  of  the  wooden  rollers  in  being  round,  whereas  these  are 
square  between  the  bearings.  The  smaller  of  the  two  copper  rollers,  namely,  the  third  in  order,  is 
in  this  arrangement  the  driver,  the  mangle  being  driven  like  the  calender,  by  a  system  of  reversing 
gear  not  shown  in  the  drawings. 

The  pressure  in  the  mangle  is  brought  on  by  a  system  of  levers,  which  differs  slightly  from 
that  described.  In  this  indeed  there  are  strictly  two  distinct  pressures :  that  brought  on  the  axis 
of  the  middle  roller  by  the  lever  E,  which  is  connected  by  a  link  with  the  weighted  lever  F ;  and 
that  transmitted  through  the  whole  system  of  rollers  by  the  single- weighted  lever  D.  The  weight 
of  this  last  is  regulated  by  means  of  a  set-screw  which  turns  in  a  nut  in  the  jaws  of  the  lever  D, 
and  bears  upon  the  set-block  which  rests  upon  the  journal  of  the  top  roller.  This  pressure  is  thus 
transmitted  downwards  from  the  top  roller  throughout  the  whole  set,  and  at  the  middle  roller  B 
is  added  to  the  pressure  obtained  by  the  lever  E.  By  this  arrangement  the  pressure  between 
the  three  under  rollers  is  greater  by  the  pressure  of  E  than  it  is  between  the  upper  pair  ;  but  for 
very  high  pressure  the  lever  D  may  be  locked  by  set-pins,  and  the  set-screws  turned  down  by  the 
hand-wheel  G,  until  the  requisite  degree  of  pressure  is  obtained. 

The  manner  of  passing  the  cloth  through  this  machine  is  the  same  as  that  already  described 
in  the  calender,  with  this  single  exception,  that  before  the  cloth  enters  between  the  lower  roller  A 
and  the  small  cylinder  B,  jets  of  water  from  a  pipe,  perforated  with  small  holes,  extending  the 
whole  width  of  the  machine,  are  allowed  to  play  upon  the  cloth,  so  as  to  impart  to  it  sufficient 
moisture  for  causing  it  to  receive  the  requisite  degree  of  smoothness  preparatory  to  the  starching 
process,  and  at  the  same  time  allow  the  cylinder  B  to  free  it  from  any  impurities  that  may  be 
remaining  in  it,  by  forcing  them  back  with  the  expressed  water. 

Calender. — Description. — A,  two  cast-iron  frames;  BCD,  three  cylinders,  Figs.  1845,  1846; 
E  F  G,  three  cog-wheels ;  H  I,  two  force-screws :  K  L,  two  fly-wheels  with  handles.  The  cylinder 
B,  which  is  in  cast  iron  and  hollow,  is  heated  by  another  iron  cylinder  heated  red  hot.  Tho 
material  of  the  cylinder  C  is  pasteboard ;  its  axle  is  of  wrought  iron.  These  three  cylinders 
must  be  perfectly  round  and  parallel. 

The  wheel  F  forms  the  communication  between  E  and  G,  which  rest  upon  the  cylinders  B  and 
D.  The  relation  of  F  to  the  circumference  of  the  cylinders  is  such  that  when  the  machine  is  set 
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GER.,  Taster;  ITAL.,  Compasso  da  arossexzt; 
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In  order  to  set  the  machine  in  motion,  the  fly- 
wheels K  and  L  being  turned  in  order  to  press 
the  screws  K  and  I  against  the  pillows  of  the  first 
cylinder  B,  the  cloth  is  placed  between  the  rollers 
in  the  direction  indicated  by  the  arrows. 

CALIPERS.  FK.,  Cvmpas,  Compos  cTe'paisseu 
SPAN.,  Compas  cumo. 

See  COMPASSES. 

CALKING.     FB.,  Calfater;  GER.,  Kalfatern;  ITAL.,  Calfatare;  SPAN.,  Calafateo. 

The  process  of  copying  or  transferring  a  drawing  by  covering  the  obverse  side  of  a  design 
with  black  lead,  or  red  chalk,  and  tracing  lines  through  on  a  waxed  plate,  or  wall,  by  pressing 
lightly  over  each  stroke  of  the  design  with  a  point,  which  leaves  an  impression  of  tho  colour  on 
the  plate,  paper  or  wall,  is  termed  calking,  which  is  often  spelled  calquinn 

CALKING  IRON.  FB.,  Calf  at  ;  GEB.,  Das  Kalfateisenj  SPAN.,  Ilierro 
de  Calafateador  6  Estopero. 

An  instrument,  like  a  chisel,  used  in  calking  ships,  boilers,  caissons, 
and  so  on.  These  little  implements  are  of  various  forms,  fashioned  to  suit 
different  sorts  of  work  :  one  form  is  shown  in  Fig.  1847  ;  a  the  joint  of  the 
plates,  b  the  tool  driven  by  a  hand-hammer.  See  HAND-TOOLS. 

CALORIMETER.  FB.,  Calorimetre  ;  GEB.,  Warmemesser  ;  ITAL.,  Calorimetro;  SPAN  Calorf- 
metro. 

The  apparatus  invented  by  Lavoisier  and  Laplace  for  measuring  the  amount  of  heat  contained 
in  certain  bodies  is  often  designated  as  a  calorimeter  ;  this  apparatus  Laplace  operates  by  tho 
melting  of  ice  around  the  body  to  be  tested.  See  PYROMETER'. 

CAM.     FB.,  Came,  ou  camme  ;  GER.,  Zahn-Daumen  ;  ITAL.,  Palmola,  fiente  ;  BFAN.,  EsctMrico. 

A  projecting  part  of  a  wheel  or  other  moving  piece,  so  shaped  as  to  give  an  altenmting  or 
variable  motion  of  any  desired  velocity,  extent  or  direction,  to  another  piece  prcssinu'  niriun.-t  it,  by 
sliding  or  rolling  contact.  Cams  are  much  used  in  machines  that  involve  complicated  md  irregular 
movements,  as  in  the  sewing  and  pin-making  machines. 

The  cam-wheel  A,  Fig.  1848,  revolving  on  its  axis  C,  raises  and  lets  fall  the  bourn  P  :  tlio 
heart-cam  B,  revolving  on  its  axis  E,  gives  an  irregular  motion  to  the  rod  8  ;  and  the  cam  <  •  . 
revolving  on  its  axis  F,  moves  II,  and  may  be  made  to  operate  an  alarm  bell.  The  cam  and  I  ho 
toggle-joint  should  be  considered  two  of  the  mechanical  powers  ;  then  we  should  have,  1,  tf<t  lever  ; 
2,  inclined  plane  ;  3,  wheel  and  axle  ;  4,  screw;  5,  pulley  ;  6,  «•«/,/<•;  7,  com;  8,  tey<ilr-j»int.  When 
valves  are  employed  instead  of  slides,  for  altering  the  flow  of  steam  to  the  steam-cylinder,  it  it  IIMIM! 
to  move  them  by  cams.  In  the  rough  sketch.  Fig.  1849,  P  i«  a  pipe  connected  with  tho  l«iil 
a  port  to  the  cylinder,  and  V  a  valve,  which  is  here  represented  Mnde.  l.ut  it  is  usually  of  tlio 
double-beat  kind,  shown  in  Fig.  1850.  The  valve  V,  Fig.  1849,  closes  the  paranpo  from  P  to  Q, 
the  valve-rod  R  V,  passing  through  a  stuffing-box  in  tlio  rover  of  tho  valve-box,  terminate*  in  a 
roller  R,  which  bears  upon  a  cam  S,  fixed  on  a  shaft  T,  caused  to  rotate  by  the  engine.  This  cam 
is  a  disc,  partly  circular,  with  part  of  it,  8,  projecting  to  a  greater  distance  from  the  centre.  As 
long  as  the  roller  R  bears  upon  the  circular  portion,  the  valve  V  remains  down  upon  its  noat  .  1-ut 
as  the  projecting  part  of  the  cam  is  brought  by  the  revolution  of  the  shaft  under  the  r-.ll<  r.  th«- 
valve-rod  is  pushed  up,  and  tho  valve  lifted  to  allow  tho  passage  of  the  htenin.  When  it  i* 
desirable  that  the  valve  should  be  kept  open  during  a  irn-ntrr  or  le»w  j>»rti"ii  <>f  the  revolution  of 
T,  the  cam  is  sometimes  made  with  steps  of  various  extent,  on  niiy  of  which  the  roller  m»y  b« 
made  to  bear  at  pleasure,  as  shown  in  plan  and  section,  Fig.  1851.  To  prevent  the  vaJrc  being 
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damaged  from  repeated  blows  against  its  seat,  a  dash-pot  ia  employed,  which  is  a  small  cylinder, 
partly  filled  with  fluid,  and  having  a  loosely-fitting  piston  to  ease  the  blow  of  the  falling  weight. 
The  stationary  under-part  of  the  dash-pot  is  usually  filled  with  water,  and  the  plunger  rises  and 
falls  with  the  valve-stem.  See  DASH-POT.  In  Fig.  1852  is  represented  the  gearing  for  operating 
the  steam  and  exhaust  valves  of  the  Ridgwood  pumping  engines,  belonging  to  the  Brooklyn 
Water  Works,  New  York. 

1848.  1849. 

H 


1852. 


1850. 


workin*  th 

13 


T111  BllOW  ^e  different  fa><*i°ns  which  cams  have  to  perform  in 
The  steam-piston  is  shown  at  half-stroke  on  its  downward  movement,  the 
A  i  e  gear  I       ?  <HaWn  ™  exact  accordance  with  that  position  and  direction,  the 

S?  SSfir^S:  Va,lves  bein°  °Pen'   The  frame  or  y°ke  fl>  with  the  felines  b  and  b, 
sides,  receives  its  motion  from  the  beam,  and  moves  in  the  same  direction  as  the  steam- 
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piston,  and  IB  for  the  purpose  of  closing  the  steam  and  exhaust  valves;  two  levers  c  with  tn0 
rollers  on  the  upper  ends,  transmit  the  motion  from  the  inclines  through  the  rod  rf,  anus  e  uud  f 
rod  g,  and  arm  /»,  to  the  exhaust-valve  rock-shaft  ;  the  exhaust-valve  being  closed  when  tho 
lever  c  has  made  half  its  movement,  or  on  reaching  its  vertical  i^sition.  The  ^.-am-valves  are 


.  .-a-ae 

closed  by  the  same  cam-yoke  a,  through  the  rod  i,  lever  J,  arm  K,  rods  /,  /,  and  rock-arm  or  cam  m. 
communicating  motion  to  the  closing-arm  A  of  the  steam-valve.  The  closing-arm  A  is  in  the  form 
of  a  segment;  the  face  being  made  of  two  curves,  the  difference  in  their  radii  being  equal  to  tho 
lift  of  the  steam-valve  :  this  segment  or  cam  is  adjustable  by  hand,  that  is,  the  closing-face  can  IK- 
brought  sooner  or  later  under  the  toe  of  the  lever  B  or  upper  steam-valve,  performing  the  cl«..-in" 
or  "cut  off"  at  the  point  required.  The  water-cylinder  C  is  used  exclusively  for  owning  the  steam 
and  exhaust  valves,  and  is  furnished  with  a  piston,  admission  and  exhaust  ports,  valves,  &c..  like 
any  steam-cylinder.  The  piston-rod  is  attached  to  a  cross-head,  and  connected  to  the  levers  'c,  by 
the  rod  D.  The  admission  and  exhaust  valve  are  operated  from  the  double-rum-d  arm  or  cam  K, 
on  the  rock-shaft  E.  The  slot  in  the  arm  E  is  composed  of  two  curves  joined  tmn  tin  r  in  the 
vertical  centre  by  an  inclined  slot;  the  difference  in  the  radii  of  the  curves  being  equal  t«>  tin- 
movement  of  the  valve,  and  the  length  of  the  incline  determines  the  time  of  action.  On  the  end  of 
the  lever  G  is  a  roller  revolving  freely  on  a  journal,  and  fitting  the  slot  on  the  arm  E,  the  vibra- 
ting motion  of  the  arm  raising  or  depressing  the  roller  from  one  curve  to  the  other,  imparting  a 
like  motion  to  the  other  end  of  the  lever  G,  and  through  the  rod  H  and  right-angled  arm  I  to  tin 
valve-rod  K.  It  will  be  observed  that  this  valve  motion  is  intermittent.  There  is  another  valve 
in  the  water-cylinder  chest  which  we  call  the  supply-valve  ;  as  it  opens  and  closes  the  communica- 
tion between  the  water-chest  and  the  rising  main,  and  is  operated  from  the  roll-lever  c,  through 
the  connecting-rod  L  and  lever  M,  attached  to  the  valve-rod  ;  this  motion  to  the  supply-valve  is 
also  intermittent,  and  made  by  the  slot  in  the  rod  L  and  lever  II.  The  ends  of  the  lower  levers 
B,  B',  of  the  steam-valves  are  connected  to  weighted  plungers  N,  N',  working  in  small  open 
cylinders,  or  dash-pots  K',  K',  one  for  each  valve  ;  the  gravitation  of  the  weighted  plungers  opens 
the  steam-valves  through  the  rods  O  and  lever  P,  attached  to  the  valve-stems,  and  the  time  taken 
to  open  the  valve  wide  being  regulated  by  the  velocity  of  the  water  forced  out  of  the  dash-pots,  a 
small  cock  being  fitted  to  each  for  this  special  adjustment.  This  completes  the  description  of  tho 
various  parts  of  the  gearing  and  their  separate  duties  ;  we  shall  now  show  the  combined  action  of 
the  whole  in  relation  to  the  steam-piston. 

The  steam-piston  having  reached  midway  on  its  downward  stroke,  of  course  the  frame  or  yoke 
a  is  also  at  mid-position  in  the  same  direction,  and  the  upper  steam-valve  open  —  its  weighted 
plunger  unlatched  and  at  the  bottom  of  the  cylinder  ;  the  lower  exhaust-valve  is  also  open,  leaving 
free  communication  between  the  under-side  of  the  steam-piston  and  the  condenser.  These  are 
positions  of  the  parts  as  illustrated  in  Fig.  1852.  Now,  as  the  cut  off  usually  takes  place  at 
or  about  half-stroke  in  this  engine,  it  will  be  seen,  by  reference  to  the  figure,  that  the  closing  part 
on  the  periphery  of  the  arm  A  is  just  entering  under  the  toe  or  cam  Q  of  the  lower  lever  or  upper 
steam-valve  ;  and  very  little  more  movement  of  the  arm  A  will  close  the  valve  —  that  is,  the  lower 
will  be  lifted  by  the  action  of  the  arm,  transferring  its  motion  through  the  rod  O  and  lever  P  to  the 
valve-stem,  forcing  it  downward  and  closing  the  valve,  at  the  same  time  the  lower  lever  B  on  its 
lift  is  carried  with  its  weighted  plunger  to  the  top  of  its  dash-pot  R.  The  latch-bolt  s,  shown  in 
the  figure  as  withdrawn,  enters  a  socket  in  the  plunger  by  the  action  of  a  spring  on  its  back,  and 
holds  the  plunger  there  until  it  is  time  to  open  the  upper  steam-valve  again  on  its.  next  downward 
stroke;  the  closing-arm  A  moves  on  without  producing  any  further  motion  to  the  lower  1.  v.  r  l:. 
its  toe  simply  resting  on  the  curve  of  the  arm  as  it  passes  under  it.  The  steam-valve  being  now 
closed,  the  balance  of  the  down-stroke  is  made  by  the  exhaust  steam  ;  the  frame  or  \  • 
descending,  and  the  water-cylinder  piston  C  is  at  full  stroke  towards  the  steam-cylinder;  tho 
admission-valve  K  of  the  former  has  just  accomplished  its  half-movement,  that  is,  it  is  uouare 
over  its  cylinder  ports.  When  the  frame  or  yoke  a  has  dcs«cnded  so  that  the  lower  end  of  tho 
upper  incline  6  comes  in  contact  with  the  roller  t,  on  the  lever  c,  the  water-cylinder  valve  K  has 
completed  its  mqvement,  opening  the  back  port  to  the  exhaust  passage,  and  removing  the  water 
on  the  back  of  the  piston,  and  leaving  the  front  port  open  ready  for  the  admis.-i-n  >•(  jTi-iMiro  on 
the  front  side  of  the  piston.  The  motion  of  this  admission-valve  ceases  now,  or  at  least  until  tho 
frame  a  has  arrived  at  the  same  position  on  the  up-stroke,  when  a  Minil:<r  but  a  reverse  in»ti«n 
takes  place.  This  cessation  of  motion  to  the  admission-valve  is  accomplished  by  the  rock-arm 
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the  upper  incline  6  has  forced  the  lever  c  over  its  vertical  position  or  half-movement, 
gradually  the  lower  exhaust-valve  through  the  various  connections,  rock-arms,  and  1 
duty  of  the  upper  incline  b  ends  here  for  the  down-stroke ;  at  tho  same  i; 


through  the  connecting-rod  V,  wnicii  moven 

steam°that  has  just  expended  its  power  on  the  down-stroke  to  escape  to  tho  r,,n,l, ; 
same  movement  the  short  arm  V  comes  in  contact  with  tho  end  of  tho  s  lot  in  tbo  latch- 
lower  steam-valve,  withdrawing  it,  and  allowing  the  lower  steam-valve  to  be  op*nc 
gravitation  of  the  weighted  plunger  N,  through  similar  rods,  levers,  and  ao  on   R. 
the  upper  steam-valve.    The  engine  is  now  reversed  and  ootniiu -ii.-n.g  it*  «,,wa,d  -trokc i ; 
direction  reversed,  the  lower  incline  6,  on  the  frame  a,  performing ;  a  mmih.r  duty  on  the  upper 
stroke  as  the  upper  one  did  on  the  down-stroke,  and  so  on  continually.     In  M 
perform  important  operations.    See  BANK-NOTE  r«ivnso  MACIMNK.     BATT 
MACHINES.    MECHANICAL  MOVEMENTS.    PIN-MAJHNO  MACHINES.    PBMB.    SKWIKG  MACUUO. 
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CAMERA  LUCIDA. 


i-;.:-.. 


1854. 


1855. 


CAMERA  LITCIPA. 

TIic  camera  lucidu  is  a  little  bit  of  peculiarly-shaped  glass,  placed  on  a  prop,  and  it  enables 
any  person,  although  that  person  bo  ignorant  of  the  rules  of  perspective  and  but  little  accus- 
tomed to  make  drawings,  to  take  with  a  pencil  or  pen  on  paper  the  lines  and  shades  of  any 
machine  or  other  object  with  ease  and 
accuracy. 

This  useful  little  instrument,  con- 
veniently mounted  for  use  by  Elliott 
Iln-thers,  44!»,  Strand,  is  shown  in  Figs. 

1853,  1854;  the  small  four-sided  glass 
prism  is  set  at  K. 

Fig.  1850  is  an  enlarged  section  of 
this  prism  at  right  angles  to  the  edges. 
A  is  a  right  angle,  and  B  an  angle  of 
135°.  The  angle  at  the  eye  and  the 
one  opposite  are  equal :  each  of  those 
angles  must  therefore  be  equal  to  67}° : 

135  =  90  +  ^,  and  67}  =  45  +  y . 

The  bit  of  glass,  or  glass  prism, 
which  is  not  much  larger  than  a  thumb- 
nail of  ordinary  size,  is  held  in  a  brass 
frame  K,  Fig.  1855,  which  is  attached 
to  an  upright  rod,  having  at  its  lower 
end  a  screw  clamp,  to  fix  it  to  the  edge 
of  a  drawing-board  or  table,  Figs.  1853, 

1854.  The  prism  K  is  fixed  at  the 
height  of  about  10  or  12  in.  from  the 
table,  and  has  its  upper  face,  A,  Fig. 
1856,  that   is    K,   1855,  nearly  hori- 
zontal.   Rays  coming  from  an  object, 
R  8,  Fig.  1856,  and  falling  nearly  per- 
pendicular on  the  first  surface,  enter 
the  glass  prism,  and  undergo  total  re- 
flection  from  the  contiguous  surface, 
then  they  fall  at  the  same  angle  on  the 
next  surface,  and  are  totally  reflected 
again ;  lastly,  they  emerge  nearly  per- 
pendicular to  the  horizontal  surface,  as 
represented  in  Fig.  1856.    The  eye  re- 
ceives the  emergent  rays,  and  perceives 
the  image  r  s,  with  all  the  shades, 

if  1857. 


Jjneij,  and  colours  of  B  8 ,  on ,  a  sheet  of  paper  upon  a  drawing-board  or  table  to  which  the  instru- 
ment u  made  fast.    If  the  lines  of  the  image  are  traced  with  a  pencil,  a  very  correct  design 
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u  obtained;  but  there  is  some  difficulty  in  seeing  both  the  image  and  the  point  of  tho  penetL 
for  the  rays  from  the  object  give  an  image  which  is  farther  from  the  eve  than  the  pencil  This 
difficulty  is  readily  surmounted  by  a  little  practice,  and  by  placing  between  the  eye  and  the 
prism  a  lens,  which  gives  to  the  rays  from  the  pencil  and  those  from  the  object  tho  same  diver- 
gence. In  this  case,  however,  it  is  necessary  to  place  the  eye  very  near  the  edge  of  the  prism,  so 
that  the  aperture  of  the  pupil  is  divided  into  two  parts,  one  of  which  sees  the  image,  and  the  other 
the  pencil.  The  arrangement  of  the  horizontal  face,  Fig.  1855,  effects  this  object  to  the  greatest 
nicety.  Amici's  camera  lucida,  represented  in  Fig.  1857,  is  preferable  to  that  of  Wollaston, 
Fig.  1856,  inasmuch  as  it  allows  the  eye  to  change  its  condition  to  a  considerable  extent,  without 
ceasing  to  see'  the  image  and  the  pencil  at  the  same  time.  It  consists  of  a  triangular  glass  prUm, 
B  D  r,  right  angled  at  B,  having  one  of  its  perpendicular  faces  B  D  turned  towards  the  obj. 
that  has  to  be  drawn  at  p  q ;  the  other  side  of  the  prism  B  r  is  placed  at  right  angles  to  an  inclined 
plate  of  glass,  n  m.  The  rays  P  Q  A,  proceeding  from  the  object,  and,  entering  the  prism,  are 
totally  reflected  from  the  base  at  C,  and  emerge  in  the  direction  s  t.  They  nro  then  partially 
reflected  from  the  glass  plate  m  n  at  t,  and  form  a  vertical  image  of  the  object  1*  Q,  which  is  seen 
by  the  eye  in  the  direction  tp  q.  The  eye,  at  tho  same  time,  sees  through  the  glass  m  n,  the  point 
of  a  pencil  applied  to  the  paper,  and  the  outline  of  the  object  may  be  traced :  when  straight  linea 
have  to  be  traced,  a  ruler  can  be  applied. 

CANAL.    FR.,  Canal  t  GEB.,  Kanal ;  ITAL.,  Candle ;  SPAN.,  Acfquia,  Canal. 

1.  Canals  differ  in  this  regard  from  rivers,  that  they  have  a  regular  bed,  having  throughout  the 
same  inclination  and  the  same  profile ;  and  they  carry  down  the  same  volume  of  water  throughout 
their  length.    In  case  one  of  these  conditions  is  not  fulfilled,  where,  for  instance,  after  a  certain 
elope,  another  is  assumed,  there  will  result  two  canals,  the  one  succeeding  the  other. 

If  from  the  point  o,  Fig.  1858,  at  the  bottom  of  the  canal,  a  horizontal  line  op  is  drawn,  its  cor- 
responding vertical  qp  will  be  the  slope  of  the  canal  for  the  length  oq.  It  is  called  the  absolute 
slope,  if  o  and  q  are  the  extremities  of  the  bed  of  the  canal  ; 
and  the  relative  slope,  or  the  slope  per  foot,  if  o  q  is  1  ft. 
long.  Calling  the  slope  p,  if  L  is  taken  for  any  length  of 
a  canal,  D  being  the  difference  of  level  between  the  ex- 
tremities of  this  portion,  we  have  p  =  -=-  ;  or,  if  e  repre- 

L 

Bents  the  angle  of  Inclination  p  =  sin.  e. 

The  section  of  a  canal,  or  any  water-course,  is  the  area 
of  the  section  made  by  a  plane  perpendicular  to  the  axis 
of  the  current ;  in  a  rectangular  canal,  if  I  =  breadth  and 
A  =  depth,  s,  or  area  of  section,  is  *  =  /  h ;  if  it  is  trape- 
zoidal, /  =  breadth  at  bottom,  and  n  the  slope  of  the  sides, 
or  the  ratio  of  the  base  to  the  height,  then  s  =  (/  +  n  h) 
h  or  s  =  (/  +  cos.  /.  A)  A,  where  /  is  the  inclination  of  the 
sides  to  the  horizon. 

That  part  of  the  contour  of  the  fluid  section  in  contact  with  tho  bed  or  bottom,  as  well  as  sides 
or  berms,  is  called  the  wetted  perimeter  of  the  section.  Designating  it  by  «  for  rectangular  canals, 

2/4 

we  have  c  =  I  +  2  A ;  for  trapezoidal,  c  =  /+2Avn2  +  l  =  /-| 

BUI./ 

Dubuat  gives  the  name  of  mean  radius  of  the  section,  for  the  ratio  of  the  area  to  that  of  the  vetted 
perimeter,  or  —  • 

Let  us  now  examine  the  nature  of  the  motion  of  water  in  canals,  that  is  to  say,  the  nature  and 
expression  of  the  forces  which  produce  it;  thus  establish  the  formula)  of  this  motion,  witli  their 
various  applications ;  and,  finally,  ascertain  the  quantity  of  water  which  canals  can  receive  at  their 
heads  or  inlets. 

2.  Nature  of  Motion  in  Canals. — Gravity  is  the  sole  force  that  acts  upon  a  mass  of  water  left  to 
itself,  in  a  bed  of  any  form ;  it  produces  all  the  motion  which  takes  place. 

Whenever  its  action  upon  each  fluid  particle  (whether  it  be  that  which  it  exerts  directly  down- 
wards, or  that  indirectly  produced  by  the  lateral  pressure  of  the  adjoining  particles)  is  destroyed, 
so  that  the  fluid  mass  is  brought  to  a  state  of  rest,  its  surface  will  be  horizontal.  Reciprocally, 
when  the  surface  of  a  fluid  is  horizontal,  exception  being  made  for  any  impulse  before  impressed 
upon  it,  all  action  of  gravity  will  be  destroyed,  and  no  motion  can  take  place.  But  as  soon  as  this 
surface  is  inclined,  motion  takes  place,  and  continues,  even  if  the  bottom  of  the  bed  is  horizontal, 
and  even  if  it  should  have  a  counter-slope  for  some  distance.  Whence  the  principle,  admitted  in 
hydraulics,  that  the  motion  of  particles  in  a  water-course  is  due  wholly  to  the  slope  at  the  surface ;  M» 
slope  it  is  which  is  tho  immediate  cause  of  motion,  and  enables  gravity  to  act. 

3.  Let  us  examine  the  mode  of  action  of  this  force,  and  what  is  its  measure  in  tho  different 
cases  that  may  occur,  which  are  represented  in  Fig.  lsf».s. 

Suppose,  then,  a  canal,  in  which  the  Mirfaee  of  \\:\{<T  is  pnrnllel  to  the  liottom  of  the  bed,  and 
consider  the  very  small  section  A.  The  fluid  particles  which  are  on  the  l>ott<>iii  u'/.',  will  d<»wnil  by 
the  direct  action  of  gravity,  as  down  an  inclined  plane.  Those  which  nre  aUive,  up  to  the  surface 
a  b,  forming,  as  it  were,  threads  laid  ujx»n  the  first,  will  descend  in  the  same  numm  r.  The  effective 
portion  of  gravity,  that  which  is  not  destroyed  by  tho  resistance  of  tho  l>ed,  and  which  cause*  the 
motion,  will  be  represented  by  the  height  «  c.  and  this  height  will  be  </  sin.  i:  i  bring  the  inclina- 
tion of  the  surface  a  6  to  tho  horizontal  6c.  The  indirect  action  of  gravity,  or  tho  lateral  pleasure 
experienced  by  each  particle,  being  the  same  in  all  directions,  by  reason  of  the  parallelism  of  «* 
and  «'  b',  will  not  occasion  any  motion. 

Let  us  admit,  now,  a  current  with  a  surface  more  inclined  than  its  bed,  and  represent  ft  small 
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sortion  of  it  by  B.  Take,  then,  into  consideration,  any  particle,  >«,  traversing  the  section  in  the 
dinrtionmn.  This  particle,  or  mthcr  the  linear  system  of  particles  mn,  will  experience:  1st. 
The  direct  action  of  gravity,  which  we  represent  by  the  height  m  of  the  inclined  plane  mn,  or  by 
its  equal  cd,md  being  taken  equal  to  nb.  2nd.  The  indirect  action  due  to  the  inequalities  of  pres- 
sure upon  the  two  extremes  of  the  system  m  and  n ;  at  the  upper  extremity  m,  conformably  to  the 
rules  of  hydrostatics,  the  pressure  is  represented  by  the  height  of  the  fluid  column  TO  a  ;  at  the  lower 
extremity  it  is  representea  by  n  6 ;  the  resultant  of  these  two  pressures,  that  which  produces  motion, 
will  equal  then  ma  —  n&  =  ad:  as  for  the  pressures  which  each  particle  of  the  system  experiences 
at  its  sides,  perpendicular  to  m  n,  they  will  be  equal  to  each  other,  and  reciprocally  destroy  each 
other,  and  have  no  effect.  Thus  the  system  mn  will  be  urged  downwards  by  the  two  forces  ad 
iiiul  ••  <f,  or  by  their  sum  <i  c,  which  is  ij  sin.  t,  i  being  the  inclination  of  the  surface. 

Wln-n  tin-  IKH!  is  horizontal,  as  in  the  section  C,  the  direct  action  of  gravity  upon  the  particles 
in  contact  with  the  bottom  wilJ,  it  is  true,  be  entirely  destroyed  by  the  resistance  of  the  bottom; 
hut  tlic  indirect  action,  or  the  inequalities  of  pressure,  will  amount  to  a  a'— 66'=  ac  =  g  sin.  i.  For 
all  other  particles  m,the  moving  force  will  be  as  above,  MI /+  (ma  —  nb)  =  cd  +  da  =ac  =  gem.i. 

Finally,  if  the  bottom  has  a  counter-slope,  as  in  D,  the  particles  upon  it  will  be  urged  back  or 
up  stream^  by  its  relative  gravity,  k  a'  =  c  d ;  but,  on  the  other  hand,  they  will  be  urged  downward 
by  the  difference  of  the  pressing  columns  a  a'  and  6  6',  or  by  ad.  Hence  it  follows  that  they  will 
be  impelled  in  this  last  direction  byad  —  cd  =  ac  =  g  sin.  t. 

4.  It  follows,  from  these  different  facts,  that,  in  a  water-course  of  any  form,  each  particle,  in 
traversing  a  section  having  an  inclination  of  surface  equal  to  f,  receives  from  gravity  an  impulse 
represented  by  «;  sin. » ;  that  is  to  say,  that  if  the  impulse  continues  during  one  second,  it  will 
produce  a  velocity  equal  to  g  sin.  t ;  this,  then,  is  the  expression  of  the  accelerating  force,  and  is 
dependent  solely  upon  the  indication  of  the  surface. 

This  slope,  so  to  speak,  may  vary  at  every  step,  or  it  may  be  constant  for  a  long  space,  in  which 
case  a  longitudinal  section  of  the  surface  of  the  current  forms  a  right  line.  This  is  frequently  the 
case  in  canals,  properly  so  called,  of  a  constant  slope  and  profile ;  the  surface  lines  and  the  bottom 
lines  can  neither  converge  nor  diverge,  and  must  be  parallel ;  the  surface  will  then  have  the  some 
inclination  as  the  bottom,  and  the  sin.  »  will  be  =  sin.  e,  or  =  p  (2),  and  the  accelerating  force  will 
be  =  gp. 

5.  From  what  has  been  said,  water  running  in  a  canal  is  constantly  subject  to  the  action  of 
an  accelerating  force ;  so  that,  if  it  encounter  no  other  opposing  force,  it  will  descend  with  an 
accelerated  motion,  and  its  velocity  would  never  be  uniform.    Nevertheless,  it  often  attains  this 
uniformity  in  a  very  short  space  of  time,  after  which  the  acceleration  is  inappreciable.    Experience 
proves  this  to  be  a  fact ;  it  is  to  be  seen  in  most  canals,  even  those  of  great  slope.     Thus  Bo.-.-nt, 
causing  water  to  run  in  a  wooden  canal  656  ft.  long,  with  a  slope  of  1  in  10,  and  having  divided 
the  canal  into  spaces  of  108  ft.  each,  has  found  that  each  division,  excepting  the  first,  has  been 
traversed  in  the  same  time.    There  must  then  be,  after  a  certain  period  of  time,  a  retarding  force, 
which  destroys  at  each  instant  the  effect  of  the  accelerating  force,  and  which  is  equal  to  it.    Thus, 
water  will  move  along  with  a  velocity  acquired  in  the  first  moments  of  its  running  ;  a  phenomenon 
similar  to  that  produced  in  nearly  all  motion  ;  in  that  of  machines,  for  example. 

But  in  canals  there  can  be  no  retarding  force  but  that  which  comes  from  the  resistance  of  the 
bed.  This  resistance  cannot  be  called  in  question ;  from  experiments  made  with  a  tube  2 '  06  ft. 
long,  there  was  a  discharge  of  5 '22  cubic  ft.  in  100" ;  and  when  its  length  was  doubled  to  4  •  12  ft., 
dimensions  in  other  respects  the  same,  it  took  117"  to  discharge  the  same  volume.  Thus  the 
velocity  in  the  tube  was  diminished  in  the  ratio  of  117  to  100 ;  and  it  can  only  be  that  the  canal, 
by  reason  of  its  increased  length,  offered  a  greater  resistance  to  the  .velocity ;  it  therefore  resisted 
motion. 

6.  Let  us  examine  the  nature  of  this  resistance. 

When  water  passes  over  the  surface  of  a  body,  there  being  no  repulsion  or  negative  affinity 
between  the  two  substances,  it  wets  this  surface ;  that  is  to  say,  a  thin  lamina  of  fluid  is  applied 
to  it,  penetrating  its  pores,  and  it  is  retained  there,  both  by  this  engagement  of  its  particles,  and 
by  the  mutual  attraction  of  the  particles  for  each  other. 

It  is  over  such  a  revetment  or  watery  covering,  fixed  against  the  sides  of  the  canal,  that  the 
water  which  it  conducts  must  pass.  The  thin  sheet  of  this  mass,  immediately  in  contact  with  this 
covering,  by  sliding  along  and  rubbing  against  it,  mingles  its  particles  with  those  of  the  covering 
— it  adheres,  and  its  velocity  is  retarded.  In  consequence  of  the  mutual  adhesion  of  the  particles, 
this  stoppage,  gradually  diminishing,  is  communicated  from  one  to  another  of  the  adjacent  layers, 
till  it  is  felt  by  the  most  distant  fillets.  The  mass,  in  consequence,  receives  a  mean  velocity  less 
than  would  take  place  without  the  action  of  the  sides  and  the  viscosity  of  the  fluid. 

The  cause  of  this  diminution  of  velocity  has  often  been  attributed  to  the  friction  of  the  water 
against  the  sides  of  its  bed.  Such  a  friction,  if  it  occurs  at  all,  is  of  a  nature  entirely  different 
from  that  of  solid  bodies  against  each  other;  it  depends  neither  upon  the  pressure  nor  the  nature 
of  the  rubbing-surfaces.  Dubuat  is  convinced,  by  direct  experiments,  that  the  resistance  of  water 
w  independent  of  its  pressure.  He  has  never  yet  found  any  variation  in  the  friction  of  water  upon 
glass,  lead,  pewter,  iron,  woods,  and  different  kinds  of  earth. 

This  last  fact  might  be  accounted  for  by  observing  that  In  all  cases  the  friction  can  only  -take 
place  upon  the  aqueous  layer  which  covers  the  sides  of  the  bed.  But  a  friction  independent  of 
pressure  ?  It  would  seem  quite  natural  to  admit  that  the  resistance  could  proceed  from  no  other 
source  but  the  adhesion  of  the  particles  of  water  in  motion,  both  among  themselves  and  with  those 
of  the  fluid-covering  of  the  sides  of  the  bed. 

This  adhesion  has  been  measured  by  weights.  Dubuat  found  that,  to  detach  tin  plates  from 
tranquil  water  with  which  they  had  been  brought  in  contact,  there  was  needed,  beside  their  own 
weight,  an  effort  of  0'96  Ib.  avoirdupois  to  1  -03  Ib.  the  square  foot  of  surface. 

Venturi,  by  means  of  a  remarkable  experiment,  affords  a  direct  evidence  of  the  effect  of  adhesion, 
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was  fastened  a  box  filled  with  water,  in  which  was 

bottom  resting  on  the  edge  D.    A  small  tube  was  p. 

soon  as  this  was  opened,  the  jet  which  issued,  passing  through 
the  water  which  had  found  its  way  into  the  trough,  drew  with 
it  the  part  adjacent ;  this  was  replaced  by  that  immediately 
next  it,  which  in  its  turn  was  replaced  by  the  water  in  the 
box ;  so  that,  in  a  short  time,  the  water  fell  from  the  level 
of  <?  D  to  g  h. 

7.  Since  the  resistance  is  from  the  action  of  the  sides  of 
the  bed,  the  greater  the  extent  of  these  sides,  that  is  to  say, 
the  greater  the  u-etted  perimeter  for  any  unit  of  length,  the 
greater  the  amount  of  resistance. 

But  this  resistance  of  the  perimeter  will  be  shared  among 
all  the  particles  of  the  section,  since  their  motion  is  con- 
nected by  a  mutual  adhesion ;  thus,  the  greater  the  number 
of  particles,  or  the  greater  the  section,  the  less  will  the  velocity  of  each,  and  consequently  their 
mean  velocity,  be  changed.    The  effect  of  resistance  will  be  in  the  inverse  ratio  of  the  section. 

On  the  other  hand,  the  resistance  will  increase  with  the  velocity.  The  greater  this  is,  tho 
greater  will  be  the  number  of  particles  drawn  at  the  same  time  from  their  adhesion  to  the  sides ; 
and,  further,  it  must  draw  them  more  promptly,  and  consequently  expend  more  force ;  so  that  the 
resistance  will  be  in  the  double  ratio  of  the  velocity.  The  viscosity  of  the  fluid  occasions  still 
another  resistance,  which  becomes  more  sensible,  compared  to  the  first,  as  the  velocity  is  smaller. 
Dubuat  has  observed  this  important  fact,  and  Coulomb,  through  a  series  of  experiments,  found 
that  it  is  simply  proportional  to  the  velocity.  Thus  the  expression  of  ratio  between  the  resistance 
and  velocity  involves  two  terms  ;  in  one,  the  velocity  is  as  the  second  power ;  in  the  other,  as  the 
first ;  this  last,  which  is  but  a  small  fraction  of  the  velocity,  will  disappear  in  great  velocities ;  it 
is  always  inferior  to  the  other,  when  the  velocity  exceeds  0'23  ft.,  but  below  this  it  preponderates. 
In  short,  the  resistance  experienced  by  water  from  its  motion  in  a  canal,  is  proportional  to  tho 
wetted  perimeter,  to  the  square  of  the  velocity,  plus  a  fraction  of  velocity,  and  is  in  the  inverse 
ratio  of  its  section.  Experience  proves  that  this  is  very  near  the  truth. 

With  the  symbols  already  adopted,  in  calling  6  o  the  fraction  of  the  velocity  in  question,  and  a' 

a  constant  multiplier,  the  expression  of  resistance  will  be  a'  -  (r*  +  6  c). 

s 

8.  After  what  has  just  been  said  upon  the  resistance  of  the  bed  and  its  effects,  the  different 
fillets  of  a  fluid  in  motion  in  a  canal  will  have  a  velocity  the  greater  as  they  are  removed  from  the 
sides  of  the  bed ;  thus  they  will  have  different  velocities.    Nevertheless,  in  estimating  the  discharge 
of  a  canal,  we  may  admit  that  the  whole  mass  of  water  in  motion  is  endowed  with  a  mean  velocity ; 
which  will  be  such  as,  being  multiplied  by  the  section  of  the  canal,  will  give  the  volume  of  water 
passed  in  one  second.    So  that  if  Q  represents  this  volume,  s  being  the  section  and  v  the  mean 
velocity,  we  have  Q  =  s  v. 

9.  From  what  has  been  stated  above,  it  follows  that  the  greatest  velocity  of  a  current  will  be 
at  its  surface — in  its  middle,  if  the  transverse  profile  is  regular — if  it  is  not,  then  in  portions  very 
nearly  corresponding  with  the  greatest  depths ;  it  is  there  that  is  generally  found  the  thread  of 
water,  or  fillet  of  the  greatest  velocity. 

This  velocity  of  the  surface,  being  that  most  easily  determined  by  experiment,  the  knowledge 
of  its  ratio  with  the  mean  velocity  is  a  subject  of  great  interest  in  practice ;  it  will  enable  us  to 
determine  this  last  velocity  so  as  easily  to  calculate  the  discharge.  The  investigation  of  this  ratio 
has  been  the  object  of  many  hydraulic  observers,  as  we  shall  sec  in  the  article  on  Kivers ;  we  confine 
ourselves  here  to  what  concerns  canals. 

Dubuat  has  made  precise  experiments  upon  this  subject.  They  are  in  number  thirty-eight 
They  were  made  with  two  wooden  canals  141  ft.  in  length ;  the  one  of  a  rectangular  form  1-6  ft. 
wide — the  section  of  the  other  a  trapezium  whose  small  base  was  J  ft.,  with  its  sides  inclined  36°  20* 
to  the  horizon  (making  n  =  1'36)  •  the  depth  of  water  varied  from  0' 17  ft.  to  0-895  ft.,  and  tho 
velocity  from  0'524  ft.  to  4 -26  ft.  Dubuat  concludes,  from  these  experiments,  that  th«-  ratio  of 
velocity  at  the  surface,  to  that  of  the  bottom,  is  greater  according  as  the  velocity  is  less,  and  that 
this  ratio  is  entirely  independent  of  the  depth ;  that  to  the  same  velocity  of  surface  corresponds 
the  same  velocity  of  "bottom.  He  has  observed  also  that  the  mean  velocity  is  a  mean  proj»ortional 
between  that  of  the  surface  and  that  of  the  bottom.  Calling  u  the  velocity  of  the  bottom.  V  that 
of  the  surface,  and  v  the  mean  velocity,  he  gives  the  results  of  his  observations  by  tho  formula 


u  =  (VV  -  -298868)*  and  «  = 


-  •  149434)*  +  -022332. 


Prony   after  discussing  the  experiments  of  Dubuat,  has  thought  this  the  more  convenient 

_  V  +  7-78188 
formula,.  = 


Here  is  a  small  Table  of  some  values  of  c  corresponding  to  values  of 
V,  as  given  by  this  formula.  Prony,  taking  a  mean  term,  has  thought 
that,  in  practice,  we  may  take  c  =  0'8V;  that  ia  to  say,  in  (Mat  to 
have  the  mean  velocity  of  a  current  of  water,  we  may  diminish  that 
of  the  surface  one-fifth. 

10.  Formula:  of  Motion.  —  We  have  two  kinds  of  motion  t 
Most  frequently,  the  surface  of  a  current  in  a  long  and  regular  canal 
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assumes  a  constant  slope,  which  is  the  sumo  ns  that  of  the  bottom  of  the  bed,  and  this  surface 
becomes  parallel  to  this  bed.  Then  all  transverse  sections  are  equal ;  the  mean  velocity  is  the 
Bainr  in  each,  and  the  mutian  is  uniform. 

But  it  often  hapi>ens  that  the  surface  varies  from  point  to  point,  and  is  not  the  same  with  that 
of  the  bottom ;  so  that,  at  different  points  of  the  canal,  the  sections,  and  consequently  their  velo- 
cities, are  no  longer  equal.  Still,  the  quantity  of  water  admitted  in  the  canal  remaining  the 
•tune,  upon  each  isolated  point,  the  section  of  the  fluid  mass  will  be  constantly  the  same,  and  the 
velocity  then  will  always  have  an  equal  value:  all,  then,  is  constant,  and  the  motion,  without 
U'ing  uniform,  will  be  permanent. 

11.  Uniform  Motion. — We  have  already  remarked  that,  when  the  water  in  a  canal  becomes 
uniform,  the  retarding  force  equals  the  accelerating  force ;  and  that  the  expression  for  this  last,  in 

such  kind  of  motion,  is  gp ;  so  that  we  have  gp  —  a'  -  (c2  +  b  1} ;  or.  making  —  =  a,  we  have 

s  g 

p  =  a  -  (t>*  +  6  v). 

S 

If,  at  a  portion  of  the  canal  where  the  motion  is  uniform,  we  take  two  points  upon  the  surface 
of  the  fluid,  whose  distance  apart  we  represent  by  L',  and  difference  of  level  or  absolute  slope  by 

D,  we  have  p  =  — ,,  and  D  =  a (c*  +  b  v).   If  we  take  the  canal  throughout  its  entire  length, 

L  s 

which  we  called  L,  and  H  being  the  difference  between  the  head  and  foot  of  the  same ;  from  this 
diiVorence  H,  we  must  take  a  height  due  to  the  velocity  v  of  uniform  motion,  and  it  will  be  pre- 
sently shown  (27)  that  H  -  ^-  =  a  —  (c*  +  6  »). 
"  9  s 

12.  It  remains  to  determine  the  two  constant  coefficients  a  and  6. 

Prony,  in  combining  the  results  of  thirty  experiments  made  by  Dubuat,  has  undertaken  and 
executed  this  determination.  Some  years  afterwards,  Eytelwein  following  the  steps  of  Prony,  but 
extending  his  observations  upon  ninety-one  canals  or  rivers,  in  which  the  velocity  varied  from 
(1-407  ft.  to  7-94  ft.,  and  the  fluid  section  from  -151  sq.  ft.  to  28-030  sq.  ft.,  found  a'  =  -0035855, 
or  a  =  -000111415.  and  6  =  '217785,  the  English  foot  being  the  unit. 

Thus,  putting  for  g  its  value  =  32-18  ft.,  the  fundamental  equation  for  the  motion  of  water  in 

c  cv  O 

canals  will  be  p  =  -000111415  -  r2  +  -0000242647  —  ;  or,  observing  that  v  =  -  (8),  Q  being  the 

discharge,  ps3  =  '000111415  cQ2  +  •  0000242647  c  Q  s.  Of  the  four  quantities,  Q,  p,  s,  and  c,  or, 
remembering  that  s  =  (I  +  n  A),  A  and  c  =  I  +  2  h  (Vn2  +  1)  (1),  of  the  four  quantities,  Q,  p,  h, 
and  /,  three  being  given,  this  equation  enables  us  to  ascertain  the  fourth.  As  for  n,  the  slope  to 
be  given  to  the  banks,  it  will  be  indicated  by  the  nature  of  the  soil  in  which  the  canal  is  dug. 

13.  It  is  seldom  that  the  velocity  is  found  among  the  list  of  problems  to  be  resolved ;  still,  for 
any  case  where  its  direct  expression  is  required,  the  first  of  the  two  equations  above  gives 

9  =  -  0-1088946  +  V  8975-414  P—  +  -01185803; 

c 

or,  more  simply,  and  with  sufficient  accuracy,  v  =  v   8975*414  —  —  0-1088946. 

C 

14.  Consequently,  we  have  from  Q  =  s  c, 

Q  =  s  (-  0-1088946  +  V  8975-414  ^  +  •  01185803 \  or 


Q  =  s  ( V8975-414  ^  -  •1088946}' 

V  c  ) 


15.  In  great  velocities,  those  of  3-2809  ft.,  for  instance,  or  any  above  this,  where  the  resistance 
is  simply  proportional  to  their  square,  we  have 


9  =  94-738  V^,  and  Q  =  94'73Ss 
c 

Let  there  be,  for  example,  a  canal,  whose  section  is  a  trapezium  13-124  ft.  wide  at  top, 
3-2809  ft.  at  bottom,  and  4-92  ft.  deep;  with  a  slope  of  0-  001.  Required,  the  quantity  of  water 
which  it  will  convey. 

We  have  p  -  O'OOl;  /  =  3  -2809  ft.;  h  =  4-9214  ft.  With  regard  to  «,  or  ratio  of  base  to 
height  of  banks,  the  height  is  that  of  the  trapezium,  and  the  base  is  one-half  the  difference 

.    .  .,  ,  13  -124  ft.  -3-  2809  ft. 

between  the  two  bases;  so  that  n  =  —  -  -  =  1.     From  this,  s  =  (I  +  nh)  h  = 

2  x  4-9214 

(3  •  2809  +  4  •  9214)  4  •  9214  =  40  366  sq.  ft.  ;  and  c  =  I  +  2  h  V  ri2  +  1  =  17  •  2  ft.    Consequently, 
Q,  the  quantity  sought,  is 

Q  =  40  366  (v  8975-414  *  1§L~I?2*  +  -01185805  -  -108895^  =  180-87  cub.  ft. 

If  we  neglect  the  term  -01185805  under  the  radical,  we  have  for  Q  =  180-843,  which  only 
differs  from  the  above  by  '027. 
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The  formula  above  for  great  velocities  would  give 
Q  =  94-738  x  40-366 


= 

by  the  f^-nental  equation  which  we  have  already  eda- 
**  "  ~  "^  °f  the  mod°  °f  '*  determination,  and  some 

requ  ff  ™nd  iS  SS  tha°t  tt  'T?  "ft  '!"  «"*«"  "^o" 

service  of  the  fountains  in  Paris  it  was  necessa  rv  that  K^ZS?!*0^  ?lwftV8  «  at  h»»'1  f"r  "'« 
ft;  the  soil  was  such  as  to  admit  of?S£^£?to  ftSJfit  "  """  *  "**'*  °f  1>H83 
We  have,  then,  Q  =  106-61  cub.  ft.?,  =  ?«1«8  ft.;  L^H  ft.;  and  «  =  1-50.    More- 
over, from  the  given  terms  of  the  problem,  s  is  known,  for  s  =  5  =  10G'GIcub-ft-  =  99-843       a 
/  will  also  be  known,  since  from  the  expression  s  =  (/  +  n  h)  A*  we  deduce83  "' 
_  s-n/.2  _  92-843  -  1-50  x  4-92142 
~~  --  "         "  > 


consequently,  we  have  c  =  I  +  2  A  V^+l  =  29-227  ft.  ;  whence  the  general  equation, 

p  =  -0001114155  —  +  -000024265  —  • 
s  a 

DUmericaI  <luantities»  gives  p  =  0-00005502:  auch  is  the  elope  indicated  by  the 


Girard,  the  engineer  who  planned  the  canai,  arrived  at  very  nearly  the  same  result.  But  he 
has  observed,  with  reason,  that  aquatic  plants,  growing  always  upon  the  bottom  and  berms  of  the 
canal  augment  very  much  the  wetted  perimeter,  and  consequently  the  resistance  ;  he  remembered 

*  velocity  of  water  in  the  canal  (du  Jard)  before  ami  after  tho 


__ ---  -  •  — - — o ••  ~— "        ^"6  UJ.T./UU  n,.,  11110  givea  oo  ^ou  n.  01  ausoiuie  incinmtinn 

f  4.1  ui  6  dlmensions  l  and  k  were  the  one  unknown,  and  the  other  one  of  the  given  quantities 
ot  the  problem  to  be  solved,  we  take  the  values  of  c  and  s  as  functions  of  these  two  dimensions,  and 
substitute  them  in  the  fundamental  equation  (12) ;  I  would  then  be  deduced  by  the  resolution  of 
an  equation  of  the  third  degree,  and  h  by  that  of  an  equation  of  the  fifth  degree. 

Let  us  determine,  for  example,  the  width  to  be  given  at  the  bottom  of  a  canal,  appointed  to 
conduct  123-60  cub.  ft.  of  water,  with  a  depth  of  4-9213  ft.,  the  slope  being  O'OOOl,  and  the  noil 
of  such  a  character  as  to  require  for  slope  the  base  to  be  twice  the  height.  Thus,  Q  =  123 -GO  cub  ft  • 
p  =  O'OOOl;  h  =  4-2649  ft.;  and  »  =  2. 

We  substitute  these  two  last  quantities  in  the  expressions  of  s  and  c  (1),  which  in  their  turn  are 
substituted  in  the  general  equation.    This  will  involve,  then,  only  the  unknown  term  /;  and 
making  all  reductions,  and  arranging  according  to  the  powers  of  /,  we  have 
f3  +  23-943f»  —  46-578  J  -  3832  =  0. 

Substituting  for  /,  we  find,  on  trial,  I  =  11  -138  ft. 

18.  Most  generally  I  and  h  are  not  given  terms  of  the  problem ;  we  have  only  Q  and  p.  or  tho 
volume  of  water  which  the  canal  ought  to  conduct,  and  the  slope  which  it  should  have,  leaving  tho 
engineer  to  determine  the  width  and  depth.   To  obtain  these  two  unknown  quantities,  there  u  but 
one  equation;  the  problem,  therefore,  is  indeterminate.     The  engineer  then  Mi]>|>lirs  the  pnp.  in 
giving  such  a  figure  as  he  deems  best  adapted  to  the  profile  of  the  projected  canal ;  this  ti-iiiv, 
indicating  the  relation  between  the  two  dimensions,  furnished  tho  equation  which  waa  hitherto 
needed. 

In  the  choice  of  this  figure,  regard  must  be  had  to  the  object  most  important  to  be  fulfilled.  a..d 
that  that  is  adopted  which  fulfils  it  with  least  expense  of  construction  mid  <>f  nmintoniuirc.  Wlu-u 
it  is  desired  to  convey  the  greatest  possible  quantity  of  water  to  the  {mint  whore  the  canal  empties, 
according  to  the  formula  of  discharge  (14  and  15),  the  volume  of  water  brought  down  U  no  mm-li 
the  greater,  as  the  section  of  the  fluid  mass  is  greater,  and  as  tho  wetted  |>eriiiietor  i*  hinnller ;  con- 
sequently, we  must  take  a  figure  which,  with  the  same  perimeter,  preaentn  the  greatojit  surface. 

19.  Geometry  informs  us  that  the  circle  has  this  property.  Tho  semicircle,  and  then-fore  a  ncmi- 
circular  canal,  has  the  same  property,  the  ratio  between  the  semicircle  and  Bemicircumferenoe  being 
the  same  as  that  between  the  circle  and  entire  circumference. 

Then  follow  the  regular  demi-polygons,  and  with  the  less  advantage,  as  the  numW  of  their 
sides  is  less;  and  so  among  the  most  practicable  forms  we  have  tho  regular demi-hcxagon.  thcdcini- 
pentagon,  and  finally  the  half-square. 

But  these  figures  are  not  admissible  for  canals  in  earth  excavations ;  their  bcrms,  not  having 
sufficient  slope,  would  cave  in.  . 

In  order  that  they  should  be  sustained  without  revetment,  they  xhniild  have  a  dope  of  from  1  -50 
to  2  of  base  to  height,  as  there  is  more  or  lessconM.-tenry  in  the  «oil ;  in  the  regular  wmi-bexagao, 
where  the  slope  is  larger  than  the  other  named  polygons,  it  is  only  0'58.  A  slope  of  1  U  only 
adopted  in  excavations  of  small  importance  or  for  temporary  use ;  but  for  canals,  the  slope  of  2  to  1 
is  usually  adopted,  and  sometimes  2J ,-  such  was  the  slope  adopted  at  the  cannl  i 

20.  As  the  usual  profiles  of  canals  are  tni[>e/oidnl,  tin;  <|m.-ti.>n  of  ti-nr.-  «•( ' -P  lit.  -t  .li--h.ru-  IH 
reduced  to  taking,  among  all  the  trapeziums  with  sides  of  a  determinate  slope,  that  which  yield*  the 
greatest  section  for  the  same  wetted  perimeter. 
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Since  the  section  »,  or  (/  +  n  A)  A,  should  be  a  maximum,  its  differential  will  be  zero,  and  we  have 


Since  the  perimeter  remains  constant,  the  expression  c  =  I  +  2  h  Vn2  +  1  (1)  being  differentiated, 
gives  usO  =  ef/  +  2(/A  Vn1  +  1.  The  value  of  d  I,  derived  from  this  equation  and  substituted  in 
the  preceding,  gives  /  =  2  h  (vV  -f-  1  —  n).  _ 

With  this  value  of  /,  we  have  s  =  h3  (2  Vn2  +  1  —  n)  =  n'  A2,  by  making  2  A/n2  +  1  —  n  =  n'; 
and  <•  =  2  A  (2  V«*  +  1  —  n)  =  2  n'  h. 

Putting  these  equivalents  of  a  and  c  in  the  fundamental  equation  of  motion  (12),  it  becomes 

=  0-0001114155  Q*  +  0-0000242651  Qn'  A*. 


This  and  the  preceding  equation  give  for  I  and  h  the  maximum  sought. 

Let  us  take,  for  example,  Q  =  70-6632  cub.  ft.,  p  =  '0012,  n  =  1'75.    The  second  of  the  above 
equations  is  reduced  to  AJ  —  1-2522  A*  —  178-04  =  0. 
Making,  by  a  first  approximation,    • 

A  =  2-82  ft.,  we  have        ..........     —9-6593  =  0. 

A  =  2-85  ft  ...............     -0-1821  =  0. 

A  =  2-850567  ft  .............     +  0'0002  =  0. 

So  that  the  true  value  of  A  will  be  2-850567  ft.  This  will  give  for  /,  which  is  2  A  (Vn2  +  l-  n), 
=  1-5107  ft. 

These  dimensions  are  those  of  the  stream.  But  the  depth  of  the  excavation  should  be  greater. 
It  would  be  well  to  increase  it  to  ....................  3-937  ft. 

The  breadth  at  bottom  remains  the  same       ..............     1-5105  ft. 

The  breadth  at  level  of  earth  will  be       ................   15-29  ft. 

There  will  then  be,  a  running  foot  of  cut,  an  excavation  of        ......  33-1  cub.  ft. 

In  homogenous  earth,  so  long  as  the  depth  of  excavation  does  not  exceed  6£  ft.,  and  the  upper 
width  16£  ft.,  the  expense  of  digging  will  be  proportional  to  the  volume  of  excavation,  and  the 
figure  of  least  section  will  therefore  be  the  most  economical. 

21.  As  for  those  canals  where  there  is  no  fear  of  caving  in,  such  as  those  excavated  in  rock,  or 
protected  with  masonry,  which  are  more  particularly  termed  Aqueducts,  as  well  as  those  in  wood 
and  mill  courses,  they  most  always  have  a  rectangular  form.  Still,  as  we  have  seen,  the  regular 
demi-hexagon  of  the  same  section  will  conduct  more  water  ;  but  simplicity,  facility,  and  economy 
of  construction  have  prevailed.  We  must  remember  that  the  dimensions  of  the  rectangle  should 
have  a  width  nearly  double  the  depth  of  the  fluid  mass  it  is  destined  to  carry,  and  consequently  it 


should  be  1. 
v 

22.  Permanent  Motion.  —  We  have  seen  (10)  that  permanent  motion  differs  essentially  from 
uniform  in  this,  that  the  mean  velocity  in  each  section,  remaining  constant,  is  not  the  same  as  in  the 
adjacent  sections  ;  consequently,  the  sections  of  water  are  no  longer  equal  to  each  other,  their  depth 
is  not  the  same,  the  surface  of  the  fluid  is  not  parallel  to  that  of  the  bed  of  the  stream,  and  its  inclina- 
tion varies  from  one  point  to  another.    We  have  examples  of  such  motion  in  canals  too  short  for 
the  velocity  to  acquire  a  uniformity,  at  the  head  and  foot  of  long  canals,  and  in  those  whose  bottom 
is  horizontal. 

23.  Let  there  be  a  current  endowed  with  permanent  motion,  and  let  us  regard  that  part  of  it 
comprised  between  A  and  M,  Fig.  1860.    Through  these  two  points  of  the  surface,  and  through  N 
infinitely  near  to  M,  imagine  transverse  sections  A  O  M  P, 

and  N  p,  made  perpendicular  to  the  axis  of  the  current.  From  —  —  ___^  A 

the  points  A  and  31  we  draw  the  horizontal  lines  A  E  and 

M  t;  EM  will  be  the  fall  of  the  surface  from  A  to  M,  which 

we  designate  by  p'  ;  t  N,  or  the  elementary  increment  of  the 

slope,  will  be  dp'  or  M  N  sin.  i,  i  being  always  the  angle 

<MN  of  inclination  of  the  surface  to  the  horizon.     Let  us 

consider  upon  the  section  A  O,  taken  up  stream  for  the  point 

of  departure,  the  particle  having  the  mean  velocity  of  the 

section,  whatever  eke  may  be  its  position,  and  let  m  m'  be 

the  path  which  it  describes  as  far  as  M  P.   Call  z  the  length 

of  this  path,  t  the  time  employed  in  traversing  it,  and  v  the 

velocity  of  the  particle  on  arriving  at  m.    We  have  then 

m'n'  =  dz;  dt  will  be  the  time  in  passing  dz,  and  dv  the  increment  of  velocity  during  this 

passage  (which  will  be  —  dv  when  motion  is  retarded). 

The  forces  which  act  upon  the  particle  m  while  traversing  m  m'  n'  are  :  1st,  on  one  side, 
gravity,  which  tends  to  accelerate  its  motion,  and  whose  whole  action,  according  to  what  we  have 
said  in  (3),  is  g  sin.  i  ;  2nd,  on  the  other  side,  the  resistance  of  the  bed,  which  tends  to  retard  its 

motion,  and  whose  expression  is  (7)  a'  —  (c2  +  6  r). 

5 

These  two  forces  acting  opposite  to  each  other,  their  resultant,  or  the  effective  accelerating  force, 
will  be  equal  to  their  difference.  But  in  all  variable  motion,  the  accelerating  force  is  also 

expressed  by  the  increment  of  the  velocity,  divided  by  that  of  the  time,  or  by  —  -  ;  we  have  then 
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Multiplying  all  the  terms  by  d  z  (remarking  that  ~  =  r,  the  space,  divided  by  the  time,  equal- 
ling the  velocity ;  remarking,  further,  that  d  z  sin. ,'  =  dp',  since  for  d  z  or  m'  n'  wo  may  take  M  V 
which  will  not  differ  from  it  save  in  extreme  cases,  but  by  an  infinitely  small  quantity  of  the  second' 
order,  and  that  M  N  sin.  t  =  t  N  =  p'),  we  have  v  d  t>  =  g  d  p'  —  a'  -  (p«  +  6  r)  d  z. 
Sucli  is  the  equation  established  by  Poncelet. 

Integrating,  determining  the  constant  for  the  section  A,  when  p'  =  0,  z  =  0,  and  r  =  r    we  hare 
c*      c* 

But  (8)  v  =  -  ;  and  if  we  designate  by  s,  the  area  of  the  section  at  the  final  point  M,  and  by  ». 

that  at  the  initial  point  A,  which  let  us  divide  by  <;,  and  remembering  that  -  =  a  =  0' 000024265 
(12),  and  that  6  =  0-000111415,  we  have  finally 

P'  ~  2~g\^  ~^)+/(0'0001114155^-  +  0'0000242G5  °-^\dz: 

a  formula  which  gives  directly  the  slope  of  the  surface  from  A  to  M. 

In  the  application,  the  quantity  under  the  sign  /  may  be  integrated  by  approximation.  For 
this  purpose,  divide  the  arc  A  M  or  z  into  portions,  A  B,  B  C,  C  D,  and  BO  on,  whose  lengths  are 
such  that  the  divisions  of  the  arc  may  be  taken,  without  sensible  error,  for  right  lines.  Designate 
these  lengths  by  zmv  z\,  z-3  ....  «•„,  and  the  areas  of  the  sections  at  A,  B,  C  ....  M,  by  «  »  a 
s,  .  .  .  .  sn.  and  by  COT  c,,  cg  .  .  .  .  CB,  their  respective  wetted  perimeters.  We  measure  or  toko 
immediately  these  lengths,  sections  and  perimeters  upon  the  given  stream,  and  all  will  be  known 
in  the  integral,  which  will  become 


0-0001114155 


0000242G5 


Q. 


Let  us  represent  by  M  the  multiplicator  of  Q2,  and  by  N  that  of  Q  ;  let  us  make  also 


»    V. 

-I-  M)7 


—  (  — J  =  D,  the  equation  will  then  be  p'  =  (D  +  M)  Q2  +  N  Q. 

24.  From  this  we  deduce  Q  =  -  ^^  ,         D  +  M  -,-  ^  (D 

In  our  article  on  Rivers  we  shall  have  occasion  to  apply  this  formula,  with  its  details,  to 
streams  whose  form  and  delivery  were  otherwise  known,  and  we  shall  see  that  its  deductions  are 
not  far  from  the  truth. 

In  canals  where  the  slope  of  the  bed  and  the  profiles  are  constant,  the  calculations  are  much 
simplified ;  the  depth  of  water  at  any  one  station  will  be  sufiicient  to  know  its  section  and  wetted 
perimeter ;  moreover,  the  depths,  with  the  inclination  of  the  bed,  will  give  that  of  the  surface. 

As  an  example,  let  us  determine  the  volume  of  water  which  a  rectangular  mill-course,  8  •  202  ft. 
wide,  with  a  horizontal  bed,  will  conduct  to  a  mill.  At  four  points,  distant  328  •  1  ft.  apart,  we 


No. 

Z' 

ft 

c 

i 

l 

*-c 

7 

••c 

7" 

0      • 
1 
2 
3 

feet. 
0 
328-09 
328-09 
328-09 

feet 
5-052 
4-901 
4-845 
4-573 

feet. 
18-306 
18-004 
17-892 
17-348 

87-51 

0 
8-655 
3-717 
4-045 

o 
•OBOO 
•0888 

•1078 

P 

•479 

1 

11-417 

•2922 

take  four  depths  noted  in  column  A  of  Table.     Since  the  canal  is  r.-rtnngular,  and  /  =  8  -202  ft., 
then  s  =  8-202  h  ft.,  and  c  =  8-202  +  2  A  ft.    We  calculate  these  values  for  tho  different  stations, 

"and  then,  through  these,  those  of         and  ~  .    All  are  in  the  above  Table. 


The  canal  being  horizontal,  p'  =  5  •  052  -  4  •  573  =  •  479  ft.    Wo  have 


- 


64-3G437-51      41-44 


0-000001995 


M  =  sum  of  ~X  0-0001114155  =  ............     0-00003255 


N  =  sum  of  *-£  X  0-000024265  = 
s2 


0-0002770 


2  (D  +  M) 
So  that  Q  =  -  4-0092  +  VT38GG  +  16-0472  =  113-81  cub.  ft. 


8  J» 
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With  the  formula  for  uniform  motion  in  taking  a  mean  height  between  the  extreme  heights, 
and  for  a  slope  per  foot,  '47D  divided  by  984  '27  ft.,  the  sum  of  the  *•,  we  have 

Q  =  -  4-209  +  ij  15072  +  18  •  478  =  118'54  cub.  ft. 

25.  The  equation  (23)  which  gives  the  slope  of  the  surface  of  the  current  knowing  some  of  tho 
sections,  will  furthrr,  l>y  the  taking  of  one  depth  only,  enable  us  to  trnce  in  its  progress  the  curve 
«li  MTil»  •.!  hy  i\  thud  point  of  the  surface  of  a  water-course  in  a  canal,  whose  slope,  profile  and 
discharge  are  otherwise  known. 

For  the  place,  when  the  depth  of  water  is  given  by  the  aid  of  tho  profile,  it  will  be  easy  to  establish 
its  sootion  mid  wetted  perimeter;  let  us  designate  them  by  s0  and  c0.  Take  a  second  station,  at  a 
ili-tanee  f  from  the  first,  so  small,  that  in  this  distance  there  shall  be  but  little  variation  in  s0  and 
c..  aud  bo  that  they  may  be  regarded  as  constant  in  the  expression  of  the  resistance  of  the  bed, 
Q'/i  i\,  /Q* 


We  may  neglect  the  first  part  of  the  second  member  at  the  first  trial,  which  amounts  to  sup- 
posing a  uniform  motion  throughout  tho  whole  length  z\  and  we  shall  have  the  first  approximate 
MI  hie  of  //.  This  will  enable  us,  knowing  the  slope  of  the  bed,  to  assign  very  nearly  the  depth  of 
the  stream  at  the  second  station,  and  consequently  gives  us  s,.  All  will  then  be  known  in  the 
above  equation,  and  we  have  a  second  and  more  approximate  value  of  p'  than  the  first.  If  it  ia 
thought  best,  we  are  able  from  this  to  calculate  a  third,  which  shall  be  still  more,  exact.  In  the 
game  manner,  we  may  determine  the  depth  at  the  third  and  fourth  stations,  and  so  arrive  at  all 
the  ordinates  of  the  curve  required  to  be  constructed. 

2G.  But  this  method  involves  much  uncertainty,  and  many  suppositions,  and  often  leaves  us  much 
embarrassed.  We  can  avoid,  in  part,  these  inconveniences,  and  go  directly  to  the  solution  of  the  pro- 
blem, by  introducing  the  slope  of  the  bed  in  the  problem,  according  to  the  method  of  Belangcr. 

For  this  purpose  let  us  take  in  hand  the  first  differential  equation  of  (23);  and  we  remark  that 
the  angle  i,  or  <MN,  or  MNs,  Fig.  1SGO,  is  composed  of  two  other  angles:  first,  MNr,  which 
measures  the  inclination  of  the  surface  upon  N  r,  parallel  to  the  bottom  of  the  bed  P  p;  designate 
tliis  hy  j  :  second,  the  angle  rNs,  which  this  bottom  makes  with  the  horizon,  and  which  we  have 
already  called  e  ;  so  that  i  =  j  -\-  e,  and  consequently,  sin.  f  =  sin.  /  cos.  e  +  sin.  e  cos.  j.  But 
sin.  <?  =  />(!),  cos,  c  =  V  1  —  j»2,  and  cos.  j  =  1,  considering  the  smallness  of  tho  angle,/;  thus 
sin.  i  =  sin.  j  ^  1  —  p*+p,  and  the  equation  becomes 

dv  i  _  c 

-TT  =  gsia.j*/l^p2  +  gp-a'  -  (r'  +  fce).  [A] 

Q  6  S 

The  term  —  may  take  a  finite  form,  which  will  depend  upon  the  figure  of  the  bed.  When 
the  canal  is  of  small  extent,  we  usually  consider  the  slope  as  uniform,  with  a  mean  width  I.  From 
this  supposition  results  s  =  I  h  and  c  =  I  +  2  h  ;  so  that  t>  =  -  =  --,  and  dv  =  --  ;  more- 

dz  dz      Ihdz    J         dv      Q?ldh       Q*  /    .  dh       Mr 

over  (23),  v  =  —  or  dt  =  —  =  ;  then  —  =  •  =   —    sin.  .;,  since  —  =  —  —  -  =  — 

dt  v  Q  dt      Ph3dz      I3  h3  dz      MN 

tan.  »  or  —  sin.  j. 

Substituting  this  value  in  the  equation  [A],  neglecting  p*,  which  will  always  be  small  compared 
to  1,  substituting  for  </,  a'  and  6  their  numerical  values  (12),  and  evolving  sin.  j,  we  have 

•      •  _  P*3*3-  {  0-00011  14155  (f  +  2  A)  Q8  +  Q-Q000242651  (/  +  2  A)  Ih  Q  } 

•  031073  /Q2-/3  A3 

We  have  taken  for  the  curve  of  a  fluid  thread  of  the  surface  of  the  stream,  a  polygon,  each  of 
whose  sides  has  a  finite  length  M  N  =  z-,  and  whose  inclination  relative  to  the  bed  is  j  :  the 
difference  M  r  between  the  depths  of  the  two  extremities  of  a  side  will  be  its  slope  compared  to 

this  bottom  ;  designating  it  by  p",  we  have  sin.  j  —  —  —  ,  and  consequently, 

„  _  p  P  A*  -  {  0-000111415  (I  +  2  A)  Q2  +  -0000242651  (/  +  2  A)  Ih  Q  {  *• 

PA3-  •  031073  /Q2 
The  series  of  values  of  p"  will  enable  us  to  trace  the  polygon,  or  required  curve. 

Instead  of  comparing  the  slopes  to  the  bed,  we  might  compare  them  with  the  horizon,  and  thus 
have  their  value  p',  in  observing  that  p'  =  p"  +  p. 

Inlets.  —  Canals,  with  the  exception  of  those  for  navigation,  at  their  points  of  departure  receive 
their  water  from  reservoirs  or  retaining  basins  placed  at  their  heads,  and  which  most  frequently 
are  portions  of  the  river  whose  level  has  been  raised  for  this  purpose  by  dams. 

The  head  of  the  canal,  at  the  point  for  receiving  water,  is  either  entirely  open,  or  furnished 
with  gates.  Let  us  examine  these  two  cases. 

27.  Canals  of  Open  Entrance.—  Water,  on  its  entrance  into  an  open  canal,  forms  a  fall,  its  level 
being  lowered  for  a  certain  distance  :  then  it  is  elevated  a  little  by  slight  undulations,  beyond 
which  the  surface  takes  and  maintains  a  form  very  nearly  plane  and  parallel  with  the  bed,  its 
slope  and  profile  being  always  considered  as  constant.  The  velocity  is  accelerated  from  the  top  to 
the  foot  of  the  fall  ;  it  then  diminishes  during  the  elevation  of  its  surface,  and,  soon  after,  its  motion 
continues  in  a  manner  sensibly  uniform.  Dubuat,  who  has  made  a  particular  study  of  the  circum- 
stances of  motion  at  the  entrance  of  canals,  and  throughout  their  course,  has  found  such  an  order 
of  things  established,  that  when  the  motion  has  become  regular  and  uniform,  the  velocity  of  the 
surface  is  very  nearly  that  due  to  the  entire  height  of  the  fall,  and  that  the  head  due  to  the  man 
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velocity  is  equal  to  the  difference  between  the  height  ~of  the'reservoir  and  that  of  the  uniform  section.  So. 
that  if  II  represent  the  height  of  water  in  the  reservoir  above  the  sill  of  entry  into  the  canaL  h  tho 
height  of  the  uniform  section,  that  is  to  say,  the  constant  depth  of  tho  current  after  it  has  attained 
a  uniform  motion,  and  v  the  velocity  of.  this  motion,  we  have-:H  —  h  =  0-015536  c1;  or  rather. 

0  '  015536  ^-,  m  being  the  coefficient  of  contraction  which  the  fluid  mass  experiences  at  its  entrance 
into  the  canal,  a  contraction  which  occasions  a  greater  fall. 

DUob^atAffOIS  o6^1  tXp€JimeIltfl.  Tde  Wi-th  wooden  c'anals  (SVwith  heights  of  reservoir  H 
from  -394  ft.  to  2  "887  ft,  has  found  that  m  varies  from  0  "73  to  0-91  ;  but  ho  remarks  that,  in  great 
panalB,  where  the  height  due  to  the  velocity  is  small  compared  to  the  depth,  tlu>  contraction  will 
be  less,  and  he  thinks  there  would  be  no  sensible  error  in  taking  m  =  0-97.  Eytelwein  assumes 
0-95  for  large  canals,  and  0'86  for  the  narrow,  such  as  is  adopted  for  most  'mill-courses  He,  as 
well  as  Dubuat,  supposes,  for  these  coefficients,  that  the  bottom  of  the  canal  is  at  the  same  level 
with  the  bottom  of  the  reservoir,  and  that  it  is  but  a  prolongation  of  it.  If  this  were  not  the  case, 
there  would  be  a  contraction  at  the  bottom,  and  the  value  of  m  would  be  a  v<  ry  little  smaller. 

28.  The  fall  which  takes  place  at  the  entrance  of  a  canal,  by  diminishing  the  depth  It,  lessens 
the  discharge  Q,  of  which  this  depth  is  an  element.     So  that,  in  order  that  the  canal  should  receive 
all  the  water  which  it  can  afterwards  convey,  we  must  prevent  the  fall. 

Theoretically,  to  accomplish  this  end  we  must  enlarge  the  upper  part  of  the  canal  for  a  length 

e2 
somewhat  beyond  '015536  —  ft.,  so  that  the  mean  widths  of  the  new  profile  should  increase  as 

they  approach  the  reservoir,  with  an  inverse  ratio  to  the  velocity  of  the  stream  at  each  of  these 
widths,  beginning  with  0,  its  value  in  the  reservoir,  till,  by  the  uniform  acceleration  of  its  descent, 
it  reaches  v  ft.  at  the  foot  of  the  enlarged  part.  According  to  this  law,  tho  width  at  the  reservoir 
should  be  infinite,  since  the  velocity  is  zero.  Such  a  case  would  be  impracticable,  and  any  approach 
to  it  would  involve  much  labour  and  expense. 

Consequently,  the  engineer  who,  without  involving  himself  in  unnecessary  expense,  desires  to 
obtain  for  the  canal  all  the  water  that  can  reasonably  be  expected,  will  bo  content  to  widen  the 
approach,  and  in  doing  this  must  be  governed  by  local  circumstances.  For  instance,  if  the  head 
is  to  be  laid  in  masonry,  he  will  give  to  the  approach  the  form  of  the  contracted  vein  ;  that  is  to 
say,  taking  the  width  of  the  canal  as  a  unit,  we  shall  have  for  length  of  the  enlarged  part  0'7,  and 
1*4  for  width  at  the  mouth,  as  comprising  the  full  sweep  to  be  given  to  the  angles.  But  it  is  not 
worth  while  to  exaggerate  the  advantages  from  these  widenings,  as  the  discharge  by  them  will 
hardly  be  increased  by  more  than  some  hundredths. 

29.  Dubuat  also  concludes,  from  his  observations,  that  the  velocity  and  section  are  uniformly 
established  at  a  certain  distance  from  the  reservoir,  just  as  if  uniformity  commenced  at  the  origin  of  the 
canal.    In  this  case  we  may  suppose  the  fall  to  be  made  suddenly  on  its  entrance  to  the  canal,  and 
thence  the  fluid  surface  maintains  a  uniform  slope.    Its  value  is  obtained  (1  and  11)  by  dividing 
the  difference  of  level  of  the  two  points  by  their  distance  apart  ;  one  may  be  taken  at  the  origin 
of  the  canal,  and  according  to  our  supposition  its  level  will  be  less  than  that  of  tho  reservoir,  by  a 
quantity  equal  to  the  height  of  the  fall  H  —  h.    Consequently,  if  D  is  the  difference  of  level  between 
the  reservoir  and  any  point  of  the  surface  at  the  distance  L  from  tho  reservoir,  but  where  the  motion 
has  acquired  its  uniformity,  p  being  always  the  effective  slope,  we  have 

D  -  (H  -  h)      D  -  0-015536  c2 
P  =  ~    -L~  T" 

30.  With  these  given  quantities  we  can  resolve  the  various  questions  pertaining  to  a  canal 
from  a  reservoir,  supposing  always  that  the  motion  becomes  uniform,  which  will  not  be  the  OEM 
unless  the  canal  has  a  certain  length,  or  should  it  have  no  inclination,  or  approach  90°,  and  so  on. 

—j 

Let  us  resume  the  equation,  H  —  h  =  0  •  015536  —  ,  and  in  place  of  v  substitute  its  value,  given 


•in  (13),  and  we  have  H  -  A  =  -  ^??  (Vs975-414  £?  -  •  108895  J. 

Moreover,  we  have  Q  =  s  (  V  8975  •  414  ^  -  •  108895  J  . 

By  means  of  these  two  equations,  in  giving  to  *  and  c  their  expression,  as  functions  of  tlio 
dimensions  of  the  canal,  and  substituting  the  preceding  value  of  ;>,  when  ;>  is  not  din.-tly  gi\.-:i 
we  can  determine  either  the  discharge,  or  tho  slope,  or  one  of  the  dim*  n.-ions  ;  tho  other  quantitim 
being  known.  We  give  an  example. 

Suppose  we  purchase  tho  site  where  it  is  intended  to  locate  |M  entrance  t<  ml,  wi 

condition  that  it  shall  be  rectangular  in  form,  open  to  the  height  of  the  dam,  wiih  a  width  of 
13-124  ft  ,  and  whose  sill  is  to  be  6-5G2  ft.  below  the  ordinary  low-water  line.    \\  .  \M  h  to  condu 
this  water  to  a  mill  distant  869-438  ft.,  so  that  the  Hurfuce  of  the  ntream.  on  it*  nmviil  then,  ih 
not  be  over  1  •  4436  ft.  below  the  low-water  mark  of  the  reservoir  above.    >>  hat  will 
of  water  conducted  to  the  mill  ? 

The  cutting  being  made  in  tho  dam,  the  rectangular  rannl  H-  1->  »  ft.  l.y  *••  ..^  ft.  bap  £ 
in  ;  the  clause  of  the  grant  forbids  any  attempt  to  enlarge  tho  approach  ;  and  every  altcrat 
Within  the  appointed  limits  would  diminish  tho  discharge.  ft  ,  91. 

Since  the  ,canal  is  rectangular,  and  13-124  ft.  wide,  wcbaves=13-124Aft.,andc= 

moreover  r>  -  JLJJggj=JH  ~  /0  =  A  "  5'118*  ft,  H  being  6-562  ft.    Although  the  canal  U  large, 
*ct>P-          869-4384  8G9-4384 

D  •  1 
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so  that  the  coefficient  of  contraction  would  probably  bo  above  0'95,  yet,  to  be  prudent,  we  will 
take.  a  mean  between  those  indicated  l>y  Eytelweiu,  and  call  it  m  =  0-905.  With  these  values 
the  first  of  the  two  equations  above  will  bo 


/      /  (h  —  .")  •  1  I  S  I  )  \2 

Reducing  6-562  -  h  =  -018969  (  V  135-47  A  (13.121  +  2/i)  ~  t:lOS895j  gives  us  the  value  of  A. 

To  obtain  it,  put  successively  for  this  unknown  quantity  in  the  second  member,  several  numbers  ; 
fir^t  6-°:U  gives  h  =  5-889  ft.  ;  which  in  its  turn  gives  6'114.  In  this  manner  we  obtain  .suc- 
cessively 5-9G8,  6-053,  6  -001,  6-040,  6  'OH,  6  -034,  6-020,  6-027,  6-0237  ft.  Thus  the  true  value 
of  A  falls  between  these  two  last  numbers  ;  let  us  take  the  smallest,  A  =  6-0237  ft.  Then 

6-0237  -5-118_4 

869-4384 

All  the  quantities  required  to  ascertain  the  discharge  being  known,  we  introduce  them  into 
the  second  equation,  and  so  obtain  Q  =  417  '795  cub.  ft.  Such  is  the  volume  of  water  per  second 
which  the  canal  will  lead  to  the  mill. 

When  the  velocity  of  the  current  is  required  to  be  3-28  ft.  or  more,  we  substitute  the  expression 
for  velocity  given  in  (15),  and  the  two  equations  to  be  used  will  be 


m2          c 
or,  supposing  a  mean  width  /,  and  taking  always  m  =  -905, 

H  _  h  =  170  ££-  and  Q  =  94-738JA  V 
*  -f-  2n 

The  slope  p  will  be  given  either  directly,  or  by  the  expression  p  =  -      ""      • 

Li 

In  the  above  example,  the  values  of  H,  I  and  p,  put  in  the  first  of  these  equations,  which  is  of 
the  second  degree,  will  give  readily  A  =  6  '027  ft.  ;  also,  p  =  -001045  and  Q  =  418-86  cub.  ft.  ; 
results  nearly  identical  with  the  preceding. 

31.  Among  the  questions  relating  to  the  admission  of  water  in  canals,  there  is  one  of  too  much 
interest  to  millwrights  for  us  to  pass  it  by  without  a  notice  in  this  work. 

The  force  of  a  current  to  move  machinery  depends  not  only  upon  the  quantity  of  water  which 
it  conveys,  but  also  upon  the  height  from  which  it  falls;  so  that  this  force  will  be  measured  by 
the  product  of  the  quantity  with  the  height  of  the  fall  of  water.  The  greater  the  slope  given  to 
the  canal,  the  greater  will  be  the  amount  of  water  brought,  and  this  is  one  of  the  factors  of  the 
product  ;  but,  at  the  same  time,  the  fall  (the  other  factor)  is  diminished,  and  it  will  be  found  that 
the  product  having  been  at  first  augmented  with  the  slope,  will  after  that  be  diminished,  and  then 
continue  to  decrease.  There  is  then  a  maximum  of  power,  which  it  is  essential  to  determine  and 
put  in  use.  Without  employing  analytical  formulae,  this  determination  can  be  arrived  at  in  a 
simple  manner,  as  will  be  seen  in  the  following  example. 

Let  us  resume  that  given  in  the  last  number,  and  let  us  suppose  the  height  of  fall  there  to  be 
14-764  ft.  The  water  taken  by  the  canal  has  arrived  at  the  mill  with  a  loss  of  level  of  1-447  ft.  ; 
consequently,  the  effective  fall  will  only  be  13-317  ft.  In  multiplying  this  by  the  quantity  of 
water  brought  down,  418-86  cub.  ft.,  we  have  for  the  product  5577  '9  cub.  ft.;  the  corresponding 
slope  was  0"  001045.  Let  us  increase  this  slope  successively  to  0-0015,  -002,  -0025,  and  -003  ;  the 
respective  products  of  the  quantity  by  the  fall  will  be  1859-42,  1931-12,  1939-94,  and  1907  '45 
cub.  ft.  The  slope  of  •  003  has  already  occasioned  a  diminution  ;  in  trying  that  of  •  0026,  the 
product  will  be  1938-18  cub.  ft.;  whence  we  conclude  that  the  maximum  of  effect  lies  between 
the  slopes  of  0  •  0025  and  •  0026.  Finally,  as  the  variations  of  the  product  are  very  small  between 
0-002  and  0'003,  we  adopt,  between  these  limits,  those  best  suited  to  the  locality  and  nature  of 
the  machinery  used  ;  there  may  be  some  for  which  a  great  fall  will  be  preferred. 

We  will  remark  that  the  given  solutions  of  all  the  problems  in  question  can  be  regarded  only  as 
simple  approximations  ;  for  in  order  that  they  should  be  exact,  the  bases  on  which  they  rest,  that 
is  to  say,  the  conclusions  which  Dubuat  has  drawn  from  experiments,  should  be  explicitly  con- 
finned  by  observations  made  upon  great  canals  ;  and  it  would,  moreover,  be  necessary  to  be  quite 
sure  that  the  water,  before  it  reaches  the  extremity  of  the  canal,  has  attained  a  uniform  motion, 
and  we  have  but  limited  means  of  coming  to  a  positive  assurance. 

If  water  which  is  in  the  reservoir  of  a  river  to  which  a  canal  has  been  adapted,  should  arrive 
there  directly,  with  an  acquired  velocity,  the  height  of  fall  which  takes  place  at  the  entrance  will 
be  less  than  that  indicated  (27)  by  a  quantity  equal  to  the  height  due  to  this  velocity. 

Canals  with  Gates.  —  When  a  canal  receives  its  water  through  openings  of  a  system  of  gates, 
established  at  its  head,  which  is  generally  the  case  with  mill-courses,  either  the  upper  edge  of  the 
orifice  will  be  completely  and  permanently  covered  by  the  water  already  passed  into  the  canal,  or 
it  will  not. 

32.  If  the  head  above  the  centre  of  the  orifice  is  great,  so  as  to  exceed  two  or  three  times  the 
height  of  the  orifice,  its  upper  edge  will  not  be  covered  by  the  water  below,  and  the  discharge  will 
be  the  same  as  if  there  had  been  no  canal.     Experiments  with  orifices  in  thin  sides  and  furnished 
with  additional  canals,  leave  no  doubt  upon  this  subject  ;  they  justify  an  assertion,  long  since  made 
by  Bossut,  the  exactness  of  which  has  been  questioned. 

Bossut  fitted  to  an  orifice  -0886  ft.  high  and  -4429  ft.  wide,  made  at  the  bottom  of  a  reservoir, 
a  horizontal  canal  of  the  same  width,  and  111-55  ft.  in  length;  he  produced  in  it  currents  under 
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heads  of  12-468  ft.,  7 '802  ft.,  and  3 -937  ft.,  and  he  received  at  the  extremity  of  the  canal  tho 
same  quantity  of  water  that  issued  from  the  orifice  when  the  canal  was  taken  away. 

The  cause  of  this  equality  is  apparent.  When  the  water  is  urged  by  a  great  head,  and  con- 
sequently issues  with  great  velocity,  the  contraction  it  experiences  on  all  sides  renders  the  sooti»n 
smaller  immediately  beyond  the  interior  plane  of  the  orifice,  BO  that,  on  issuing,  it  touches  lu-ith.  r 
the  sides  nor  the  bottom  of  the  canal;  it  acts  as  if  it  were  projected  in  air,  and  the  discharge  con- 
tinues  the  same  that  it  would  if  this  were  really  the  case.  Beyond  the  contracted  section  the 
vein  dilates,  it  is  true ;  it  joins  the  sides  of  the  canal ;  it  meeta  with  resistance,  and  runs  lew 
ewift ;  but  then  it  is  too  far  from  the  orifice  to  react  against  what  issues  from  it,  BO  as  to  reduce  its 
discharge.  This  will  always  be  given  by  the  formula  ro  /'  h'  */2g  H,  /'  and  A'  being  the  width  and 
depth  of  the  orifice ;  m  will  have  the  same  value  as  for  orifices  in  thin  partitions. 

Generally,  we  take  0'70  for  the  coefficient  of  ordinary  gates  of  Humes.  See  Ponoelet  and 
Lesbros'  experiments. 

Without  adopting  another  coefficient  for  each  particular  case,  the  volume  of  water  which  enters 
a  canal  furnished  with  large  gates,  and  under  a  great  head,  may  be  had  approximately  by  the 
formula  0-70l'h'^2  g  H. 

33.  When  the  water,  impelled  beyond  the  gates  by  a  great  head,  falls  into  the  canal,  it  meets 
a  resistance  which  diminishes  gradually  its  first  velocity,  and  so  inoren.M-s  tho  section  of  its 
current.    If  the  width  of  the  canal  is  constant  and  equal  to  the  opening  of  the  gate,  it  will  be  the 
depth  which  receives  the  gradual  increase ;  so  that  the  surface  of  the  fluid  below  the  orifice, 
or  rather  below  the  point  of  greatest  contraction,  up  to  that  where  the  increase  of  drj<th  ooaset, 
will  present  a  counter-slope.    Frequently  masses  of  water  will  be  detached  from  the  summit, 
and  will,  rolling  back,  return  towards  the  orifice ;  usually  they  will  be  retained,  being  as  it  woro 
repelled  by  the  velocity  of  the  stream;  though  sometimes  they  will  return  even  to  the  gate,  ainl 
re-cover  the  orifice,  though  but  for  a  moment.    Even  in  this  case  the  discharge  will  be  the  same 
as  if  there  were  no  canal,  and  it  will  be  calculated  by  the  formula  of  the  preceding  nuiu' 

34.  These  phenomena  do  not  occur  when  the  head  is  small.    Water,  on  issuing  from  the  pates, 
is  in  contact  with  the  sides  of  the  canal ;  it  experiences  a  retarding  force,  which  is  communicated 
to  the  fluid  at  the  instant  of  its  passage  through  the  orifice ;  the  discharge,  and  therefore  its  coeffi- 
cient, is  lessened  ;  but  we  have  no  further  guide  for  its  determination.    There  may  be  some  cases 
where,  with  a  very  small  head,  the  gate  is  without  sensible  influence;  thus  EyU-hvoin  1ms  found 
the  same  discharge,  whether  the  gate  was  wholly  raised,  or  slightly  dipped  on  the  down-stream 
side. 

But  in  case  it  is  immersed  any  considerable  depth,  and  the  fluid  vein  at  its  issue  la  entirely 
covered  over  with  still  water,  the  height  due  to  the  velocity  of  issue  will  be  the  dinen-nce  between 
the  elevation  (above  any  given  point)  of  the  surface  above  the  gate  and  of  that  below  the  gate.  F<  <r 
the  elevation  below  the  gate  we  take  the  height  or  depth  of  water  in  the  canal,  when  its  motion  haa 
become  regular ;  as  that  immediately  at  the  gate  would  be  found  too  small.  Consequently,  if  h  is  the 
height  in  the  canal,  H'  the  height  up  stream  above  the  sill  of  the  inlet,  the  discharge  of  tho  orifice 
of  the  gate,  and  consequently  that  of  the  canal,  will  be  expressed  by  m  I'  h'  */2  g  (H'— A).  But  the  dis- 
charge of  the  canal,  the  motion  having  become  uniform,  is  also  (14)  s  (  v  8975  •  414 *  108895  J 

We  have  then  m  V  h'  V2^(H'-A)  =  s  ( V  8975  •  414  ^  -  •  108895 J  ,  an  equation  which  enables 

us  to  solve  the  various  questions  relative  to  canals  furnished  with  gates  at  their  heads. 

Suppose,  for  instance,  we  would  determine  the  quantity  K ;  wo  must  raise  the  gate,  at  tho 
entrance  of  a  long  rectangular  canal  of  4-265  ft.  width  and  -001  slope,  in  order  tlmt  HM  wut.-r  may 
have  a  depth  of  2 "625  ft.;  the  width  of  the  gate  is  3 •  GOO  ft    and  the  height  of  tho  r«jerx...r 
3-937  ft.  We  take  m  =  0'70  (32).   Wehave  then  f=  3'069ft. ;  H'= =  3  937;  A ,  =  2^025  •  /  =  4-26J 
p  =  O'OOl;   s  =  4-265  X  2-625  =  H "195  sq.  ft.;    c  =  4'2G5  + -2  X ^625 i  =  9  . 
numerical  quantities,  substituted  in  the  equation  above,  give  us  23 '209  A  =35' 

The  Suez  Canal.— The  plans  and  sections  of  the  Suez  Canal  given  in  Figs.  l-:i  t    I-'-,  are, 
with  some  trifling  additions,  the  same  as  those  compiled  by  Sir  W.  1 .  iVm-ii  from   l  on,,, 
Universelle  du  Canal  Maritime  de  Suez  :  Carte  gcnerale  de  I'lrthmc  . '  Mjpbui 

Port  Said  and  of  the  Port  of  Suez,  from  'Percement  de  1'Ibthine  de  Suez:  Actes  con 
Coinpagnie  Universelle  du  Canal  Maritime  de  Suez,  avec  cartes  ct  plans:    .Warn, -uto  gabUfc  per 
F.  de  Lesscps,  the  engineer  of  this  great  work      Our  additions  un-    ,,ku,  fn-m     HU*«* 
I'lsthme  de  Suez,'  par  Olivier  llitt,  18G9.    Sir  W.  T.  Dcmson's  paper  "On  t  he-  Mi, •/.  l  :.n»l    »  M  MJ 
in  the  Institution  of  Civil  Engineers,  IGth  April   1867   and  afterwnr.l* ,,ul^h, ;d  >.,  ,*,„,,  ,1 
form,  edited  by  James  Forrest,  the  secretary  of  the  l,,,tituti..,,.     1  In;  thu-k 
Fig.  1861,  indicates  the  course,  and  Fig.  1862  is  a  vertical  ongitudmal  «£„,„.  , 
horizontal  lines  in  Figs.  1861, 1862,  are  to  a  sea  e of;  09  in  to  a  mile,  and I  th MM 
•01  in.  to  a  foot.    ^l^^*^^^^^^^^^i^SM^SZ 
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struction  and  maintenance  of  a  oroaa 

on  the  Mediterranean,  and  Suez  outhe  E«l  Sea     T»  T*  ?  °De  lcvel  M*060  P^  ™« 

indeed  essential  to  the  construction,  as  well  as  to'the  i  S1 , l'rclin"nary  la  P°int  of  time,  and 
of  a  supply  of  fresh  water  sufficien  for  the  wants  of  th«  n  iT  °f  the  Cana1' U  Uic  ">«int»-n«nce 
canal,  and  specially  at  its  two  extremities  population  congregated  along  the  line  of 
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The  arrangements  for  the  second  of  these  undertakings  hnvc  boon  completed.    A  cnnnl,  com- 
mencing at  a  place  called  Zagazig,  to  which  water  ia  brought  from  ihr  Nili-  l»y  ono  of  the  many 
branches  from  the  main  stream,  has  been  carried  to  Suez,  passing  within  about  n  inilo  <>r  two  of 
Ismai'lia,  the  central  point  of  the  main  canal,  and  the  hend-quArtcro  of  the  pHtnMMniu-nt  <•(  tlm 
Company.    It  is  navigable  for  the  whole  distance,  th>-  fall  from  Zagazig  to  Ruoz  being  oreroon* 
by  locks.     From  the  point  where  the  canal  turns  southward  to  Suez,  a  branch  ia  carried  first  to 
Ismai'lia,  where  it  provides  a  supply  for  the  inhabitants,  mid  for  some  hydraulic  nuu'liii 
which  water  is  forced  into  a  double  line  of  9-in.  pipes.  tlinuii:h  wliirh  fr«-.«li  wnt>  r  n  onrrird  along 
the  side  of  the  canal,  supplying  the  various  establishments  nluni,'  the  UaaofkbooifiO  mili-.t  in 
and  a  population  at  Port  Said  already  numbering  upward*  of  10,000 ;  and  secondly,  for  a  dutaooe 
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of  about  a  mile  to  the  east  of  Ismailia,  within  which  distance  it  is  made  to  drop  by  two  detached 
locks  to  the  level  of  the  Mediterranean.  At  the  Suez  extremity  the  fresh-water  canal  terminates 
in  a  lock,  by  which  vessels  drop  into  the  creek  which  brings  goods  and  passengers  from  the 
anchorage  to  the  town. 

In  the  immediate  vicinity  of  the  anchorage  a  dry  dock,  capable  of  taking  in  the  largest 
strainer,  is  constructed. 

The  salt-water  canal  commences  to  the  south-east  of  outer  port,  the  ground  being  dredged 
out  to  the  necessary  depth,  and  to  a  width  sufficient  to  give  ample  space  for  the  exit  arid  entrance 
<•!'  \. .—. -In.  The  canal  sweeps  away  in  a  curved  line  towards  the  north,  passing  to  the  eastward  of 
the  fresh-water  canal  through  the  lowest  portion  of  the  land,  which  is,  in  point  of  fact,  very  little 
above  the  level  of  the  Red  Sea.  Figs.  1861,  1  st;± 

At  a  distance  of  11}  miles  from  the  sea,  the  line  crosses  a  spur  from  some  nills  to  the  westward, 
at  a  place  called  Chalouf :  the  cutting  here  consisted  partly  of  a  bed  of  hard  conglomerate,  8  or 
10  ft.  in  thickness,  below  which  were  strata  of  sand  and  clay.  The  surface  of  the  soil  at  this  cut- 
ting was  about  12  ft.  above  the  salt-water  level,  so  that  the  total  depth  of  excavation  is  40  ft.  The 
slope  of  the  side  was  2  to  1,  and  there  was  left  a  bench  of  about  12  ft.  in  width,  3  ft.  above  the 
surface  of  the  water ;  while  another  bench,  12  ft.  below  the  water,  and  9  ft.  wide,  formed  a  base 
for  the  stonework  employed  to  face  the  upper  part  of  the  slopes.  The  stone  was  procured  in  part 
from  the  excavation  itself,  and  in  part  from  quarries  on  the  west  shore  of  the  Red  Sea,  a  few  miles 
south  of  Suez.  The  work  here  was  carried  on  with  a  good  deal  of  method.  Inclined  planes  were 
cut  in  each  bank,  up  which  the  wagons  filled  with  spoil  were  hauled  by  steam-engines,  and  then 
drawn  to  spoil-banks  at  convenient  distances.  Pumps  discharged  the  drainage  water  into  a  portion 
of  an  old  salt-water  canal,  said  to  have  been  excavated  by  one  of  the  Pharaohs. 
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Soon  after  leaving  this  cutting  the  canal  had  to  pass  through  the  Bitter  Lakes,  the  surface  of 
the  water,  or  soil,  in  which  is  nearly  on  a  level  with  the  Red  Sea.  Here  the  cutting  did  not  exceed 
the  ordinary  section  of  the  canal. 

The  distance  between  Suez  and  Ismailia  is  about  50  miles. 

A  little  east  of  Isma'ilia  the  branch  from  the  fresh-water  canal  comes  to  an  end,  and  passenger 
boats  drop  by  two  single  detached  locks  to  the  level  of  the  Mediterranean,  into  a  salt-water  canal 
alnrnt  the  same  size  as  the  other.  For  some  distance  this  was  only  a  branch,  but  at  about  2  miles 
from  Isma'ilia  the  branch  enters  the  line  of  the  main  canal,  which  turns  sharp  to  the  left  or  north- 
wards, and  passes  through  a  heavy  sand-bank  from  40  ft.  to  60  ft.  above  the  level  of  the  surface 
water  in  the  canal. 

The  works  here  were  -well  executed:  the  contractor  cut  down  the  face  of  the  excavation,  and 

I  the  spoil  into  wagons ;  trains  of  these  wagons  were  constantly  in  motion,  being  drawn  by 

ocomotives  obliquely  up  the  slope  of  the  hill,  and  thence  to  spoil-banks  at  some  distance  on  the 

west  side  of  the  canal.    Some  dredging  machines  were  also  employed  to  deepen  the  channel ;  the 
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soil  thus  raised  was  discharged  into  wagons  and 
hauled  up  the  bank.  The  amount  of  work  done 
here  was  very  great,  as  the  sand-bank  or  ridge  ex- 
tended about  5  miles. 

To  the  north  of  the  sand-bank  the  canal  en- 
tered the  beds  of  some  lakes — the  soil  of  which  wa.s 
but  a  few  inches  above  the  Mediterranean.  Here, 
in  places,  the  soil  had  evidently  a  disposition  to 
slide  into  the  canal;  as  the  trifling  load  of  an 
embankment,  sufficiently  high  to  cover  the  fresh- 
water pipes,  had  forced  the  bank  out,  in  spite  of 
eome  piles  and  sheeting,  which  had  been  driven 
and  fixed  to  support  it.  This  sort  of  work  extended 
the  greater  part  of  the  remainder  of  the  distance  to 
Port  Said,  about  10  miles  from  which  the  canal 
entered  Lake  Menzaleh,  a  shallow  sheet  of  salt 
water,  through  which  the  line  was  marked  by 
slight  embankments,  distant  apart  the  full  width 
of  the  canal.  At  several  points  between  the  deep- 
sand  cutting  and  the  shore  of  Lake  Menzaleh,  the 
canal  was  opened  to  its  full  width.  Dredging  ma- 
chines were  employed  both  to  widen  and  deepen 
it,  and  a  great  amount  of  activity  and  much  skill 
were  developed  at  this  place. 

The  dredging  machines  were  well  put  toge- 
ther. They  were  worked  by  powerful  engines,  and 
a  variety  of  expedients  had  to  be  devised  for  the 
purpose  of  adapting  them  to  the  work  they  had  to 
perform  in  lifting  the  spoil  from  a  great  depth, 
and  discharging  it  at  a  point  above  the  engine. 

The  main  work  at  Port  Said,  Fig.  1865,  was 
the  jetty,  or  breakwater,  which  protects  the  port 
against  the  action  of  the  north-westerly  or  pre- 
vailing winds.  This  jetty  is  formed  of  blocks  of 
concrete,  rectangular  in  form,  and  weighing  20 
tons.  Experience  has  shown  that  a  block  of  this 
size  (10  cubic  metres)  and  of  this  weight  is  suffi- 
ciently massive  to  withstand  the  action  of  the 
heaviest  sea.  The  concrete  is  composed  of  sea- 
sand,  dredged  from  the  harbour,  and  of  good  hy- 
draulic lime  procured  from  Marseilles,  the  propor- 
tion of  lime  to  sand  being  about  350  Ibs.  of  the 
former  to  a  cubic  metre  of  the  latter,  or  about  1  to 
13.  Sea-water  is  used  to  mix  the  ingredients, 
which  are  well  worked  and  amalgamated  in  mills, 
ten  of  which  were  driven  by  one  steam-engine. 
The  mixture  was  poured  into  cases,  or  frames,  of 
wood,  where  it  was  allowed  to  remain  four  days ; 
the  cases  were  then  removed,  and  the  blocks  sub- 
jected to  the  influence  of  an  Egyptian  sun  for  two 
months,  by  which  time  they  became  solid  enough 
to  withstand  the  action  of  the  sea.  Each  mill 
turned  out  three  blocks  a  day. 

The  contractor  engaged  to  furnish  the  blocks, 
and  to  deposit  them  at  appointed  spots,  for  400 
francs  a  block. 

The  mass  will,  of  course,  stand  at  a  much 
steeper  slope  than  it  would  were  the  blocks  of 
smaller  dimensions,  and  there  will  be  a  large  space 
between  the  blocks,  which  will  eventually  be  filled 
with  sand  drifted  in  by  the  sea. 

The  Suez  Canal  was  officially  opened  on  the 
17th  of  November,  1869.  At  that  time  fifty  *hip* 
had  passed  from  the  Mediterranean  to  the  Red  Sea, 
or  vice  versa.  From  the  1st  to  the  17th  of  February, 
1870,  nineteen  vessels,  or  a  little  over  a  VMMJ  a 
day,  went  through  from  one  sea  to  the  other.  The 
successful  completion  of  this  great  work  places  it 
engineer,  M.  de  Lesseps,  high  among  the  engineen 
of  our  time.  In  France  he  holds  a  )>o.-ition  .similar 
to  that  held  in  America  by  W.  J.  M«-Alpi"«.  or  to 
the  one  that  John  Scott  Russell  should  boM  '" 
England.  See  BARRAGE.  CONCRETE  MACHINE. 
DREDGING  MACHINES.  LOCKS  AND  LOCK-GATES. 
RIVERS. 

Works  relating  to  Canals  :— Belidor,  'Archit"- 
ture  Hydraulique,'  4  vols.,  4  to,  Paris,   1737 
Lalande,  'DcsCanaux  de  Navigation,1  folio,  ran-. 
1778.     Fulton, '  On  Canal  Navigation,'  4to,  1796. 
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Chapman,  '  On  Canal  Navigation,'  4to,  1797.  C.  L.  Ducrcst,  4  Traite*  d'Hydraulique,'  8vo,  Paris,  1809. 
(iuiitht-y,  '(Kuvro.'  olitnl  l>y  Navirr,  4to,  vol.  iii.,  Paris,  1816.     J.  Cordier's  Works,  pul.li.-]  KM!  in 

I.  UK-  ami  I'm-  is.  l-l'.»-28.     D'Aubuisson  do  Voisins,  "fraite  d'Hydraulique,'  8vo,  Strasburg,  1840. 
Miuanl  (C.  J.),  '  Coura  de  Construction  dea  Canaux,'  4to,  Paris,  1841.     1).  SU  -\<  •11*011.  '  Canal  and 
Kivrr  Kii-iiiri-riiig,'  8vo,  18o,s.    Sir  P.  T.  Cautiey'a  4  Report  on  the  Ganges  Canal,'  18GO.    Buysing, 
•  Hiui.ll.  iaini:  tot  do  Kt'imid  der  Waterbouwkunde,'  2  vols.,  Svo;   and  Atlas,  folio,  Buda,  18G4. 

II.  Marcy.  •  K«  chrrrlu'sHydrauliques,'  2  vols.,  4to;  and  Atlas,  2  vols.,  folio,  Paris,  1JSG5-18GU.    Paul 

•  (  in  liiv.T.s  and  Torrents  and  on  Canals,'  translated  by  Garstin,  12mo,  18G8.    See  also  Tracts 


by  Lomlianliiii, 

TANDLKS.     FR.,  C/i<indelles,  Bougies  ;  Gn^Xtne;  ITAL.,  Candele  ;  SPAN.,  Vclts. 

In  its  natural  state,  fat  of  animals  ia  always  associated  with  cellular  tissue  and  other  foreign 
matters,  which  must  be  separated  before  it  can  be  used  as  candle  stock. 

In  tlie  process  called  dry  melting,  much  practised  by  small  manufacturers,  the  rough  suet  is  cut 
into  coarse  pieces  and  exposed  to  the  action  of  a  moderate  heat.  By  the  more  recent  processes, 
the  fat  ia  not  exposed  to  heat  till  it  has  been  subjected  to  certain  mechanical  and  chemical 
appliances,  for  the  purpose  of  destroying  the  tissues.  The  first-named  method  possesses  this 
decided  advantage,  namely,  that  the  residue  or  cracklings  can  be  profitably  used  aa  food  for  hogs, 
fowls,  and  so  on.  There  is,  moreover,  an  economy  in  fuel,  while  the  simplicity  of  the  process 
commends  itself  to  the  notice  of  inexperienced  manufacturers.  Disadvantages,  on  the  other  hand, 
arise  :  an  obnoxious  smell  emanates  from  the  heating  of  rough  tallow  which  has  been  collected 
and  suffered  to  remain  till  it  has  become  rancid,  and  the  cellular  tissues,  blood,  or  other  portions, 
advanced  towards  putrefaction.  Fat  from  animals  recently  slaughtered  does  not,  however,  yield 
any  very  unpleasant  effluvia.  Another  and  more  important  disadvantage,  in  an  economical  point 
of  view,  is  found  in  the  smaller  amount  of  fat  obtained,  as  portions  always  remain  with  the  crack- 
lings when  heated  in  this  manner.  The  first  care  of  the  chandler  should  be  to  impress  on  the 
mind  of  his  tallow  merchant  the  importance  of  a  more  careful  treatment  of  the  rough  suet  than  is 
generally  observed  by  the  butcher.  The  fat  ought  to  be  freed  from  the  membranous  and  muscular 
parts,  then  cut  into  thin  slices  and  hung  up  in  a  cool  place,  not  heaped  up  while  yet  warm.  By 
operating  thus,  the  disagreeable  odour  existing  before  melting,  and  increased  during  the  process  to 
an  unbearable  degree,  can,  at  least,  be  delayed  for  several  days. 

First,  the  fat  is  chopped,  for  which  purpose  cutting  machines  are  often  used  similar  to  the 
straw-cutting  table;  sometimes  a  thin,  sharp-edged  mince-hatchet  is  employed,  about  2J  ft.  in 
length.  This  is  held  with  both  hands,  and  the  fat,  spread  out  on  a  beech  block,  is  chopped  into 
small  pieces  in  all  directions.  A  third  instrument  is  a  kind  of  stamp  trough  with  muller,  having 
a  sharp  blade  in  the  form  of  an  S,  a  contrivance  frequently  adopted  for  cutting  beets.  A  more 
desirable  and  valuable  instrument,  however,  is  the  ordinary  rotary  sausage-cutter.  The  fat  is 
then  placed  in  melting  caldrons  (hemispherical  in  form,  and  in  this  country  made  of  cast  iron), 
which  are  heated  by  open  fire.  These  caldrons  are  covered  with  movable  tin-plate  hoods,  so 
adjusted  that,  by  means  of  pulleys,  ropes,  and  counter-weights,  they  can  be  easily  raised  or 
lowered,  whilst  at  the  same  time  they  serve  to  carry  off  the  offensive  vapours  arising  from  the 
heated  fat.  Water  is  sometimes  mixed  with  the  fat  in  the  caldrons,  and  this  addition  is  specially 
beneficial  when  the  fat  has  been  long  kept  during  the  summer  months,  and  thereby  lost  its  natural 
moisture  by  evaporation.  By  gradually  raising  the  temperature  in  the  pan,  the  fat  runs  from  the 
cells,  and  the  whole  is  kept  boiling  from  1  to  1  J  hour.  The  mixture  of  water  with  the  fat-bubbles 
imparts  to  the  liquid  a  milky  appearance,  but  as  soon  as  the  water  is  volatilized  the  fat  becomes 
clear.  During  the  whole  operation  of  melting  and  boiling,  the  ingredients  must  be  constantly  and 
thoroughly  stirred  in  order  to  keep  the  fat  and  cracklings  in  incessant  agitation,  otherwise  pieces 
of  unmelted  suet,  coming  in  contact  with  the  sides  or  bottom,  would  become  scorched  and  acquire 
a  brownish  tint,  of  which  the  whole  melting  would  necessarily  partake.  Scorched  tallow  is  not 
very  readily  whitened.  For  separating  the  melted  fat  from  the  cracklings,  it  is  ladled  off  from 
the  caldron  into  a  tine  willow  basket,  or  a  copper  box  perforated  at  the  bottom  with  innumerable 
small  holes,  set  over  large  copper  coolers,  and  allowed  to  remain  undisturbed  till  all  foreign 
matters  have  settled  down.  Before  it  congeals,  it  should  be  transferred  into  small  wooden  pails. 

This  operation  is  continued  so  long  as  the  cracklings  yield  any  fat  ;  and  during  the  process 
the  heat  must  be  maintained  at  a  moderate  temperature,  to  avoid  scorching  the  materials.  When 
the  cracklings  begin  to  harden  they  acquire  a  darkish  tint,  and  hence  are  said  to  be  browning. 
They  are  then  pressed,  and  the  fat  thus  obtained  possesses  somewhat  of  the  brown  colour  of  the 
cracklings,  but  not  so  much  as  to  render  it  unfit  for  use  as  soap  stock  ;  it  may,  consequently,  be 
mixed  with  that  which  has  spontaneously  separated  while  heating. 

New  Methods  of  Rendering.  —  :The  complaints  of  parties  residing  in  the  neighbourhood  of  candle 
and  soap  works,  in  consequence  of  the  offensive  effluvia  disseminated  by  these  establishments,  have 
led  to  the  invention  of  new  apparatus,  as  well  as  to  the  introduction  of  new  processes  of  rendering, 
until  an  entire  reformation  has  resulted  in  the  melting  process,  which  we  propose  briefly  to  describe, 
long  experience  having  demonstrated  their  utility. 

No  doubt  the  apparatus  invented  by  d'Arcet,  ot  Paris,  in  1834,  and  introduced  by  the  board  of 
health  of  that  city,  has  been  tested  in  other  places,  where  it  did  not  interfere  too  much  with  the 
workmen's  freedom  of  action,  and  the  ready  supervision  of  the  melting  process.  As  it  is,  more- 
over, applicable  and  may  prove  serviceable  in  other  branches  of  manufacture,  we  here  offer  a  few 
remarks  relative  to  this  invention. 

One  essential  and  valuable  feature  in  his  invention  is  his  suggestion  for  conducting  the  rising 
vapours,  consisting  chiefly  of  hydrogen  and  carbon,  through  channels  under  the  grate  of  the 
rendering  pan,  and  using  them  as  fuel.  The  pan  is  also  covered  with  a  strong  iron  plate,  the 
front  third  of  which  can  be  lifted  by  means  of  a  knuckle  whenever  it  is  necessary  for  stirring,  filling, 
or  emptying  the  kettle.  D'Areet  was  likewise  the  first  who  employed  certain  chemicals  for  the 
purpose  of  neutralizing  or  destroying  the  noisome  effluvia  arising  from  the  pans.  His  propositions 
are  found  to  be,  as  yet,  the  most  valuable  in  use.  In  the  process  recommended  by  him,  50  parts, 
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by  weight,  of  diluted  acid  (oil  of  vitriol)  are  first  put  into  the  kettle,  then  1000  parts,  in  weight, 
of  chopped  fat  are  gradually  added  in  four  equal  portions ;  and  la.-ily,  l.r>o  p:i  rl  .  to  \\  Inch 

5  parts,  in  weight,  of  sulphuric  acid  of  6t>°  B.  have  been  previmi.-ly  u.l.l.-d.  The  \vlmle  in  next 
heated.  Under  the  influence  of  the  acid,  which  partly  destroys,  partly  solves  the  nu-mliraiifs,  the 
rendering  of  even  greater  amounts  of  fat  is  effected  in  1J  to  21  hours ;  two  hours,  however,  are 
seldom  required.  The  inventor's  proposition  of  using  acids  was  made  when  pans  \svn-  ht-iit.-d  by 
the  direct  action  of  the  fire;  but  now,  for  various  substantial  reasons.  ^t«  HIM  is  nuuv  generally 
employed.  This,  however,  does  not  prevent  the  gases  arising  from  the  pans  U-ing  thmwn  into- 
the  furnace  and  thereby  aiding  combustion.  It  is  obvious,  moreover,  that  in  the  tote  <>f  d'A 
stirring,  as  well  as  filling  or  emptying  the  contents  of  the  pan,  cannot  be  ncrompli.-hcd  <>o  readily 
as  in  an  open  pan ;  nor  can  these  processes  be  performed  without  opening  the  cover*,  \\lu-n  tho 
noisome  vapours  escape  into  the  room,  to  the  annoyance  of  the  operators.  To  obviate  this,  a  con- 
trivance similar  to  that  used  by  distillers  in  the  mashing  process  could  be  introduct-d  with  <1< 
advantage  of  comfort,  as  well  as  of  certainty,  for  keeping  up  the  necessary  motion,  to  prevent 
adhesions  to  the  sides  or  bottom  of  the  vessel,  and  consequent  incidental  sforohing. 

The  same  may  be  said  in  regard  to  the  pan  for  boiling  fats  lately  patented  in  this  country  by 
W.  H.  Pinner,  who  yet  claims  the  conducting  of  the  noxious  vapours  into  the  fire  a«  a  notv%. 

Wilson's  Process  has  first  been  described  by  Morfit  in  his  '  Treatise  on  the  Manufacture  of  Boap 
and  Candles.'  The  chief  feature  of  this  process  is  to  steam  the  rough  suet  for  ten  or  fifteen  hours 
in  a  perfectly  tight  tank,  under  a  pressure  of  50  Ibs.  to  the  square  inch,  or  more  when  lard  in  IN- ing 
rendered.  A  higher  pressure,  according  to  Morfit,  is  not  profitable,  for,  though  expediting  the 
process,  it  produces  an  inferior  quality  of  fat.  No  chemicals  are  used.  The  apparatus  consists  of 
an  upright  cylindrical  vessel,  made  of  strong  boiler-plates,  tightly  riveted  together.  Its  diameter 
is  about  two  and  a  half  times  less  than  its  height,  and  its  capacity  amounts  to  1200  to  1500  gallons. 
It  has  a  false  bottom  or  diaphragm,  below  this  a  pipe  enters,  which  is  connected  with  an  ordinary 
steam-boiler.  There  is  a  man-hole  at  the  top,  through  which  the  vessel  is  filled  with  the  rough 
Buet  or  lard  to  within  about 
2 £  ft.  of  the  top.  By  a  safety- 
valve,  the  pressure  can  be 
regulated.  There  are  also 
some  try-cocks,  by  which  the 
Btate  of  the  contents  can  be 
examined;  if  the  quantity 
of  condensed  steam  in  the 
tank  be  too  great,  it  will  be 
indicated  by  the  ejection  of 
the  fatty  contents  at  the  top 
one.  There  is,  moreover,  a  re- 
gulating cock  at  the  bottom 
for  drawing  off  the  con- 
densed  steam,  as  well  as 
cocks  in  the  side  of  the  di- 
gester, by  which  the  fatty 
materials  can  be  drawn  off. 
Through  a  hole  made  in  the 
diaphragm,  which  can  be 
shut  and  opened  at  will,  the 
residual  matters  can  be  let 
out. 

Pouches  Process  is  one  of 
the  most  perfect.  Fig.  1868 
represents  a  vertical,  and 
Fig.  1869  a  horizontal  sec- 
tion of  the  apparatus,  as 
used  by  the  inventor,  after 
the  line  1—2  in  Fig.  1868. 
Fig.  1870  is  a  transverse  sec- 
tion after  the  line  3—4  in 
the  same  figure.  The  vessel 
has  a  copper  dome  B,  fas- 
tened by  rivets.  In  this 
dome  is  a  hole  C  for  intro- 
ducing fat,  having  a  cover, 
which  may  be  lifted  by  a 
chain  going  over  a  pulley, 
and  the  margin  of  the  cover 
may  be  fastened  to  the  vessel 
by  clamps.  This  cover  has 
a  hole  for  observing  the  in- 
side, which  can  be  shut  by 
a  valve  fastened  to  the  lever 
D.  E  is  a  cap  on  the  dome 
with  the  eduction-pipe  for 
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(which  may  bo  opened  by  the  faucet  O),  pass  into  U  for  the  purpose  of  being  condensed  there,  or, 
\vlirii  not  eondi'iiM'd,  t'"r' reaping  through  X.  F  is  a  worm,  which  fastened  to  the  stays  G,  Fig. 
1st:: i,  lies  on  the  bottom  of  the  vessel.  Through  LL  steam  is  introduced  from  a  boiler,  and 
through  M  passes  back  into  the  same  boiler.  II  H  is  a  small  pipe  entering  into  the  vessel  A, 
through  which  steam  also  passes  into  the  vessel,  mainly  for  the  purpose  of  keeping  the  melted  fat 
in  agitation.  J  is  a  tube,  having  a  sieve  at  its  upper  end,  and  a  movable  crank  below,  by  which  it 
is  fastened  to  the  faucet  Y.  If  the  vessel  is  being  emptied,  the  tube  J  is  gradually  let  down  until 
its  upper  part,  with  the  sieve,  reaches  the  bottom.  The  fat  is  then  passed  through  J  and  Y,  and 
through  a  fine  sieve  outside  the  vessel,  which  acts  as  a  filter.  In  this,  1000  Ibs.  are  first  introduced 
with  80  Ibs.  of  water ;  2^  Ibs.  of  sulphuric  acid  of  66°,  previously  mixed  with  16  Ibs.  of  water,  are 
then  added.  Steam  is  next  turned  on,  which,  as  described,  passes  from  the  generator  through  the 
worm,  and  must  have  a  tension  of  three  atmospheres,  or  a  temperature  of  255°  F.  In  the  vessel, 
however,  a  tension  of  1}  atmosphere  is  sufficient,  and  when  this  is  reached,  the  safety-valve  is  no 
longer  charged  with  weights.  The  vapours  formed  in  the  vessel  are  conducted  through  X  into  the 
hearth  of  the  steam-boiler  furnace,  so  that  all  the  noxious  odours  (which,  however,  by  the  action 
of  the  sulphurio  acid,  are  diminished,  but  not  destroyed)  are  thus  conveyed  from  the  working- 
rooms. 

JtvrarcTs  Process. — In  its  features,  the  apparatus  used  by  this  inventor  very  much  resembles  that 
of  Wilson.  The  process,  however,  is  based  on  the  application  of  caustic  lye,  in  the  proportion  of 
25  gallons  (each  containing  -^  to  \  Ib.  of  solid  caustic  soda)  to  every  250  to  350  Ibs.  of  rough  tallow. 
It  is  the  object  of  the  application  of  the  lye,  as  in  d'Arcet's  process,  to  dissolve  the  membranous 
parts,  so  that  no  preliminary  mincing  be  necessary.  For  boiling  the  fat,  steam  is  employed.  As 
the  alkaline  lye  is  heavier  than  water,  it  will  also,  after  the  boiling  is  completed,  more  easily  sub- 
side. It  is  then  drawn  off,  and  the  fat  left  in  the  tank  is  again  boiled  with  successive  portions  of 
fresh  water,  for  the  better  separation  of  which,  this  compound  is  left  for  twenty-four  hours  in  a  warm 
liquid  state  before  being  drawn  off  into  the  coolers. 

Stein's  Process. — A  mixture  of  slacked  lime  and  small  pieces  of  fresh-burnt  charcoal  is  prepared, 
and  spread  upon  a  coarse  cloth  stretched  over  a  hoop,  of  2  in.  in  depth,  and  the  circumference  corre- 
sponding with  the  size  of  the  pan.  During  the  process  of  rendering,  it  is  securely  adjusted  by 
suitable  catches  above  the  pan.  The  rising  vapours  from  the  latter,  in  necessarily  passing  this 
chemico-mechanical  arrangement,  are  said  to  be  entirely  absorbed,  so  that  thus  all  cause  of  com- 
plaint against  tallow  factories  as  health-destroying  nuisances  would  be  effectually  removed. 

Clarifying  Tallow. — By  mere  melting  and  straining  we  do  not  obtain  a  fat  entirely  free  from 
admixture  of  fine,  undissolved  substances.  For  separating  these  substances,  therefore,  it  must  be 
clarified.  This  is  done  by  remelting  it  in  water,  either  on  free  fire  or  by  steam.  Generally,  no 
more  water  than  5  per  cent,  is  taken,  and  stirred  well  with  the  fat  till  the  mixture  becomes  emul- 
sive. The  whole  is  then  allowed  to  rest,  without  further  heating,  till  the  water  has  separated, 
when  the  fat  may  be  drawn  off,  or  dipped  off.  Sometimes,  in  order  to  conceal  the  yellowish  tint, 
a  very  little  blue  colour  is  added  to  the  clear  fat,  consisting  of  indigo  rubbed  finely  with  some  oil, 
of  which  a  few  drops  are  sufficient  even  for  large  quantities.  The  process  of  clarifying  is  occasion- 
ally repeated. 

At  the  line  of  demarcation  between  the  water  and  fat,  a  grey  slimy  substance  is  often  percep- 
tible, and  the  liquid  itself  is  turbid.  Instead  of  pure  water,  some  tallow-melters  take  brine  or 
solutions  of  alum,  saltpetre,  chloride  of  ammonium,  or  other  salts.  According  to  Dr.  Orazio  Lugo, 
these  agents  have  no  chemical  action  upon  the  fats,  but  simply  induce  a  more  rapid  settling  of 
the  impurities  and  water,  principally  when  strong  agitation  is  used. 

Hardening  of  Tallow  by  Capaccioni's  Process. — In  1000  parts  of  melted  tallow,  7  parts  of  sugar  of 
lead,  previously  dissolved  in  water,  are  stirred,  during  which  process  the  mass  must  be  constantly 
agitated.  After  a  few  minutes  the  heat  is  diminished,  and  15  parts  of  powdered  incense,  with 
1  part  of  turpentine  added,  under  constant  stirring  of  the  mixture.  It  is  then  left  warm  for 
several  hours,  or  until  the  insoluble  substances  of  the  incense  settle  to  the  bottom.  The  hardening 
is  produced  by  the  sugar  of  lead,  yielding  a  material  similar  to  the  stearic  acid,  while  the  incense 
is  improving  its  odour;  it  is  also  said  that  by  this  treatment  the  guttering  or  running  of  the  candles 
is  entirely  prevented. 

CassgrancTs  Process  for  Bleaching  Wax. — By  this  process,  the  bleaching  of  the  wax  by  the  sun 
and  air  is  not  prevented,  but  much  time  saved.  The  inventor  first  melts  the  wax  with  steam, 
which  together  pass  through  long  pipes,  so  that  a  large  surface  becomes  exposed  to  the  steam. 
After  traversing  the  pipes,  it  is  received  into  a  pan  with  a  double  bottom,  heated  by  steam ;  it  is 
therein  treated  by  water,  left  quiet  for  some  tune  until  its  impurities  are  settled.  It  is  then  forced 
anew  through  the  pipe  together  with  the  steam,  washed  a  second  time,  and,  if  necessary,  this  process 
is  repeated  a  third  time.  Probably  water  is  absorbed  by  the  wax,  thus  rendering  it  more  easily 
bleached.  The  following  is  the  arrangement  of  a  bleachery : — 

Stakes  or  posts  are  driven  into  the  ground,  and  2  ft.  from  the  ground  bag-clothes  are  stretched 
over  them,  or  table-like  frames  are  made  from  strips,  and  cloth  stretched  over  the  frames  in  the 
same  manner  as  a  sacking-bottom  is  stretched  over  a  bedstead,  care  being  taken  to  fasten  the  ends 
of  the  cords  to  the  posts  sufficiently  firm  as  to  prevent  them  loosening  by  the  wind.  This  done, 
the  wax  ribbons  are  spread  upon  the  cloth  in  a  thin  layer.  It  is  important  that  the  place  selected 
for  this  arrangement  be  so  that  the  sun's  rays  may  have  full  play  upon  the  exposed  wax,  but  at 
the  same  time  protected  from  the  prevalent  winds.  The  ribboned  wax  is  daily  turned  over,  in 
order  that  fresh  portions  of  it  may  be  affected  by  the  sun ;  and  should  it  not  be  sufficiently  moist- 
ened by  the  dew  or  rain,  soft  water  is  poured  over  it.  When  it  is  not  gradually  becoming  whiter, 
but  still  continues  yellow  upon  the  fracture,  it  is  remelted,  ribboned,  and  again  bleached.  The 
continuance  of  the  bleaching  process  necessarily  varies,  depending,  as  it  does,  upon  the  weather ; 
often  one  exposure  to  the  sun  and  air  suffices  to  bleach  it,  and  no  remelting  is  requisite.  Four 
weeks  are  generally  sufficient.  The  bleached  wax  is  finally  fused  into  oakes  or  square  blocks, 
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previously  moistening  the  moulds.    As  fast  as  the  wax  congeals,  the  cakes  are  thrown  into  « 

of  clean,  cold  water,  and  then  taken  out  and  spread  uixm  a 

ually  they  are  dried  and  packed  in  boxes  for  C^\j£^fr£?teJ±SJ^ 

Fig  1871  represents  a  vertical,  and  Fig.  1872  a  horizontal  view  of  it.  cc  are  spools  on  which 
the  wicks  are  wound,  b  ls  a  roller  with  grooves  cut  around  it,  hy  means  5  wEStta  S-L  ro 
conveyed  into  the  clamp  d,  represented  in  Fig.  1873  ou  a  larger  Lie,  and I  J«S  torn  tte .side? 


1871. 


1-7J. 


** 

Q 


1873. 


It  consists  of  two  wooden  frames,  which  are  made  tapering  from  the  middle  towards  the  end.  On 
each  side  there  is  a  feather  of  steel  attached,  for  the  purpose  of  holding  the  frames,  with  a  space 
between  them,  which  may  be  diminished  by  sliding  the  feathered  clamps  ee  towards  the  middle, 
or  increased  by  drawing  them  towards  the  end.  Immediately  behind  the  clamp  tin  n-  i.s  a  cutting 
apparatus,  consisting  of  an  immovable  /'  and  a  movable  blade  /,  with  a  handle,  g  ia  a  small  vend 
filled  with  liquid  fat  (which  may  be  kept  from  solidifying  by  steam),  and  a  board  »'  lying  on  the 
lathe  h. 

The  use  of  the  apparatus  is  as  follows  : — The  ends  of  the  wicks,  wound  upon  the  spools  ccc,  aro 
passed  through  the  frame  d,  properly  tightened  by  the  clamps  cf,  so  that  all  the  wick*  arc  k«  j.t 
firm.  The  knife  /  of  the  cutting  apparatus  is  then  lifted  out  of  the  way ;  the  frame,  with  the 
wicks  enclosed,  is  drawn  backwards  to  the  vessel  </,  and  the  ends  of  the  wicks  dipped  in  tin- 
melted  fat;  this  done,  the  fat-soaked  ends  are  drawn  farther  back  and  placed  und.  lit  I, 

which  holds  them  firmly  while  the  clamps  are  loosened  on  the  frame,  nnd  this  returned  t<>  it.s  first* 
described  position  and  again  tightened.  The  knife  is  next  used,  cutting  all  the  wicka  off  at  a 
stroke,  then  elevated,  and  the  process  repeated  till  a  sufficient  number  of  wicks  are  rut. 

The  thickness  of  the  wicks,  we  may  here  remark,  varies  according  to  the  diameter  of  tho 
candles  and  the  material  of  which  they  are  made.  The  number  of  the  cotton  threnda  mjuUito  to 
form  a  wick  also  varies  according  to  their  firmness.  Scarcely  two  chandler.-,  however.  ol.M-rvo  tho 
same  rules  in  these  respects.  The  yarn  is  composed  of  a  slack-twisted  cotton  thread,  No.  10 
generally  for  plaited,  and  smaller,  such  as  8-12,  for  common  wick*. 

Bolley  has  published  the  appended  index  relative  to  tho  thickness  of  wioks.  The  yarn 
employed  is  No.  16. 

For  tallow  candles,  8  per  lb.,  tho  wick  contains  42  threads. 

I        "         ';;  • 

I  "  55        " 

„  5  >»  n 

...  *  «>         n 

Those  wicks,  composed  of  ten,  twelve,  or  even  sixteen  cords,  are  very  loosely  twisted,  nnd  form 
a  kind  of  hollow  tube. 

For  stearic  candles,  three-corded  plaited  wicks  are  generally  used,  smaller  in  size-  and  of  finer 
yarn.  As,  for  instance — 

Stearic  candles,  4  per  lb.,  tho  wicka  consist  of  108  thread*. 
,,5  „  96       „ 

6  »  "       » 

8  C3       „ 
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Preparing  Wicks. — This  is  dono  by  the  Bo-oallod  wick-mordants,  by  moans  of  which  they  are  less 
combustible,  especially  tho.-e  tor  stoaric  acid,  and  composite  candles  prepared.  For  this  purpose, 
compounds  composed  of  solutions  of  ammoniac  salts,  of  bismuth,  of  boratos,  or  boracic  acid,  are 
used.  Some  of  the  receipts  given  in  the  journals  and  books  devoted  to  technology  are  good  as  far 
as  tho  qtutlity  of  the  suK-tanees  is  concerned,  but  not  as  regards  the  quantity.  The  recommended 
solutions  an-  generally  too  strong.  This  may  be  said  most  assuredly  of  the  following  (Smitt's) 
pr. -parations  for  wax-candle  wicks.  Ho  recommends  2  oz.  of  borax,  1  oz.  of  chloride  of  calcium, 
1  <>/..  of  nitrate  of  potash,  1  oz.  of  chloride  of  ammonium,  to  be  dissolved  in  ^  gallon  of  water,  and 
afterwards  dried. 

A  simple  and  cheap  mordant  for  wicks  consists  in  a  sal-ammoniac  solution  of  2°  to  3°  B. 
This  concentration  is  strong  enough,  and  if  a  weaker  one  be  used,  a  spark  will  remain  on  the  \\irk 
after  the  candle  lias  been  blown  out,  and  burning  down  to  the  fat,  make  relighting  more  dillicnlt. 
te  moulding  is  performed,  tho  wicks,  having  been  saturated,  are  thoroughly  dried  in  u  (in 
box,  surrounded  l>y  a  jacket,  in  which  steam  is  introduced.  Instead  of  the  sal-ammoniac,  phos- 
phate of  ammonia  is  used  in  some  factories.  A  very  good  mordant  is  also  a  solution  of  2,+  ,  o/. 
boracic  acid  in  10  Ibs.  of  water,  with  i  of  an  ounce  of  strong  alcohol,  and  a  few  drops  of  sulphuric 
acid.  Some  mordants,  we  are  aware,  nave  become  unpopular.  The  fault  is  in  the  nature  of  tho 
crude  cotton,  which  does  not  always  readily  become  moistened;  consequently,  from  not  having 
completely  imbibed  tho  mordant,  portions  of  the  thread  remain  unsaturatcd,  and  are  not  equally 
combustible  with  the  others.  An  admixture  of  alcohol  will  possibly  remedy  this  defect,  inasmuch 
aa  cotton  is  easier  moistened  in  diluted  spirit  than  in  pure  water. 

Dips. — These  candles  are  made  by  stringing  a  certain  number  of  wicks  upon  a  rod,  and  dipping 
them  in  melted  tallow  repeatedly.  Though  made  in  large  quantities,  they  are  only  manufactured 
in  comparatively  small  establishments.  The  process  is  very  simple  ;  it  is  as  follows: — The  clari- 
fied and  remitted  tallow  is  poured  into  a  tightly-joined  walnut  or  cherry  trough,  3  ft.  long  by  2  ft. 
wide,  and  10  to  12  in.  wide  at  the  top,  gradually  diminishing  to  3  or  4  in.  at  the  bottom.  A 
handle  is  fixed  on  each  end  for  its  easy  removal,  and  when  not  in  use  it  is  closed  with  a  cover.  The 
operator  commences  by  stringing  sixteen  to  eighteen  wicks  at  equal  intervals  on  a  thin  wooden  rod, 
about  2.J  ft.  long,  and  sharpened  at  the  ends.  He  then  takes  ten  or  twelve  such  rods  and  dips  tho 
wicks  rapidly  into  the  fluid  suet  in  a  vertical  direction.  This  suet  should  be  very  liquid,  in  order 
that  the  wicks  be  soaked  as  uniformly  as  possible,  after  which  the  several  rods  are  rested  on  the 
ledges  of  the  trough,  when,  if  any  of  the  wicks  be  matted  together,  they  are  separated,  and  the 
rods  so  placed  on  a  frame,  having  several  cross-pieces,  that  the  uncongealed  tallow  from  the  wicks 
may  drop  down,  and  while  this  is  going  on,  which  continues  till  the  tallow  is  cooled  and  solidified, 
the  operator  is  engaged  in  preparing  another  batch  of  rods.  The  fat  in  the  trough,  meanwhile, 
is  so  far  cooled  that  in  immersing  the  first  dip  again  a  thicker  layer  will  adhere  to  the  wicks.  It 
is  considered,  we  may  observe,  that  when  the  suet  solidifies  at  the  sides  of  the  vessel,  the  tempera- 
ture is  the  most  convenient  for  the  object  in  view.  It  is,  moreover,  sometimes  necessary  to  stir  the 
ingredients  to  produce  a  uniform  admixture,  and  in  such  cases  much  care  should  be  taken  so  that 
no  settlings  be  mingled  with  the  mass,  whilst  by  the  addition  of  hot  tallow  any  desired  tempera- 
ture may  be  obtained.  The  tallow  on  the  wicks  between  each  dipping  becomes  so  gradually 
hardened,  that  at  the  third  or  fourth  immersion  new  layers  necessarily  solidify ;  as  a  natural  con- 
sequence of  the  method  of  dipping,  the  lower  ends  of  the  wicks  become  thicker  than  the  upper,  to 
remedy  which  the  lower  ends  are  again  put  into  the  melted  fat  for  a  few  minutes,  when  the  heat, 
as  a  matter  of  course,  diminishes  their  dimensions.  The  process  of  dipping  is  continued  until  the 
candles  acquire  the  requisite  thickness.  The  conical  spire  at  the  upper  end  is  formed  by 
immersing  deeper  at  the  lust  dip,  and  if,  eventually,  the  candles  are  too  thick  at  the  lower  end, 
they  are  held  over  a  slightly-heated  folded  copper  sheet,  so  that  the  fat  may  melt,  but  not  be 
wasted. 

For  the  purpose  of  saving  time,  many  mechanical  arrangements  have  been  devised  and  com- 
pleted, one  of  the  most  useful  and  used  of  which,  involving  the  least  outlay  and  requiring  only  one 
operator,  is  the  EDINBURGH  CANDLE-WHEEL,  Fig.  1874. 

The  following  is  a  description  of  it : — A  1 874. 

strong  vertical  post  A  is  mounted  on  pivots, 
resting  on  a  block  T,  and  attached  at  the  top 
in  a  beam  P  P,  so  that  it  can  revolve  freely 
on  its  centre.  In  the  upright  post  A,  six 
mortices  are  cut  at  short  distances  from  each 
other,  and  crossing  one  another  at  an  angle  of 
60°.  Each  of  these  six  mortices  receives  a  bar 
D,  which  swings  freely  on  a  pin  C,  run  through, 
the  centre  of  the  bar  E  and  post  A.  At  the 
extremity  of  each  bar  is  suspended  a  frame  E, 
containing  six  rods,  on  each  of  which  are  hung 
eighteen  wicks,  making  in  all  1296  wicks  on 
the  wheel.  As  the  bars  B  are  all  of  the 
same  length,  and  loaded  with  nearly  the  same 
weight,  it  is  obvious  that  they  will  all  natu- 
rally assume  a  horizontal  position.  In  order, 
however,  to  prevent  any  oscillation  of  the 
machine  when  turning  ipund,  the  levers  are 
kept  in  a  horizontal  position  by  means  of  small 
chains  R  R,  one  end  being  fixed  to  the  top  of 

the  upright  shaft,  and  the  other  in  a  small  block  of  wood  M,  which  exactly  fills  the  notch  F. 
Notwithstanding  its  appearance,  the  machine  is  very  easily  turned  round,  and,  when  in  motion,  each 
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port,  as  it  successively  passes  over  the  tallow-kettle  H,  in  its  water-bath,  mounted  on  a  fnrnaw  K,  ia 
gently  pressed  downwards  by  the  handle  S.  By  these  means  the  wicks  are.  regularly  imiu 
in  the  tallow,  and  the  square  piece  M  (when  the  handle  S  is  pressed  down)  is  thrown  out  of  the 
notch  by  the  small  lever  O,  inserted  in  the  bar  B.  In  order  that,  when  the  operator  raises  tho 
port,  the  piece  M  may  return  to  its  proper  position,  a  cord  is  attached  to  it,  passing  over  tho 
pulleys  V  V,  and  regulated  by  the  weights  W  W.  In  tho  bars  D  several  holes  are  bored,  by  means 
of  which  they  may  be  heightened  and  lowered  at  will. 

It  may  be  readily  perceived,  therefore,  with  what  expedition  the  whole  operation  is  performed 
(and  that  too  by  one  operator),  the  ports  being  not  unnecessarily  removed  after  each  dip.  and  the 
process  of  congealing  being  much  accelerated,  as  the  candles  are  kept  in  constant  motion  through 
the  air.  In  moderately  cool  weather  not  more  than  two  hours  are  necessary  for  a  single  person  to 
finish  one  wheel  of  candles  of  a  common  size,  and  that  if  six  wheels  are  completed  in  one  day,  TTTiJ 
candles  will  be  manufactured  in  that  space  of  time  by  one  workman. 

Moulds. — For  moulding,  besides  the  common  metal  moulds  (a  mixture  of  tin  and  lead),  moulds 
of  glass  are  sometimes  used.  The  former  are  slightly  tapering  tubes,  varying  in  Inigth  and  dimen- 
sions according  to  the  size  of  the  candle  to  be  manufactured,  and,  when  required,  are  arranged 
in  regularly  perforated  wooden  frames  or  stands,  with  the  smaller  end  downwards,  forming  tho 
upper  or  pointed  part  of  the  candle.  At  this  smaller  end,  the  wick,  previously  saturated  in  m<  H«-d 
fat,  is  inserted,  filling  the  aperture,  and,  passing  up  tho  centre,  is  fastened  perpendicularly  at  the 
opposite,  that  is,  the  upper  end  of  the  tube,  to  which  is  attached  a  movable  cover.  The  melted  fat 
is  then  poured  in,  generally  with  a  small  can,  but  a  tinned  iron  syphon  is  better.  It  is  requisite 
that  the  tallow  should  completely  fill  the  mould,  that  it  should  remain  uncracked  on  cooling,  and 
should  be  easily  removable  from  the  moulds.  This  can,  however,  only  be  obtained  wlim  tin-  fat  at 
the  sides  cools  more  quickly  than  that  in  the  interior,  and  when  the  whole  candle  is  rapidly  cool*  d. 
A  cool  season  is,  for  this  reason,  far  better ;  but  a  certain  condition  of  the  tallow,  namely,  that 
which  it  possesses  at  a  temperature  very  near  its  melting-point,  is  absolutely  necessary.  According 
to  Knapp,  candle-makers  recognize  the  proper  consistence  of  the  tallow  for  moulding  by  tho 
appearance  of  a  scum  upon  the  surface,  which  forms  in  hot  weather  between  III0  and  ll'J"  F.,  in 
mild  weather  at  108°,  and  in  cold  about  104°.  The  tallow  is  usually  melted  by  itself,  sometimes, 
however,  over  a  solution  of  alum.  The  candles  are  most  easily  removed  from  tho  mould  tho  day 
after  casting,  to  be  cut  and  trimmed  at  the  base. 

Moulding.— Moulding  by  hand  is  a  very  tedious  operation,  and  only  practised  in  tho  smaller 
factories ;  in  more  extensive  establishments,  where  economy  of  time  and  labour  is  a  consideration, 
machinery  is  employed. 

Kendall's  Moulding  Apparatus, — Fig.  1875  represents  a  vertical  transverse  faction  through  one  of 
the  mould-frames,  exhibiting  the  candles  drawn  from  the  moulds.  Fig.  187G  represents  a  top  view 
of  a  row  of  moulds,  showing  the  clamp  in  place  ready 
to  centre  the  wicks.  The  moulds  are  mounted  upon 
cars,  for  being  carried  from  place  to  place  as  required, 
each  capable  of  conveying  several  dozens,  which  are 
heated  to  about  the  temperature  of  the  melted  fat  by 
running  the  car  into  an  oven.  The  moulds  thus  heated 
are  carried  by  cars  to  a  caldron  containing  the  melted 
fat,  with  which  they  are  filled.  The  car  is  then  attached 
to  one  of  the  empty  trucks  and  allowed  to  remain  till 
the  candles  are  cooled,  when  it  is  moved  to  an  appa- 
ratus, by  means  of  which  the  candles  are  drawn  and 
the  moulds  re-wicked,  and  again  ready  to  be  heated  and 
filled. 

To  facilitate  the  transference  of  the  moulds  to  dif- 
ferent parts  of  the  room,  the  cars  on  which  they  are 
mounted  are  carried  about  on  trucks  fitted  with  rails  at 
right  angles  to  the  track  on  which  they  run ;  so  that 
the  car  with  the  moulds  can  be  carried  forward  or  back 
by  the  truck,  and  run  to  the  right  or  left  on  its  own 
wheels  upon  lateral  tracks  at  will. 

In  Fig.  1875,  m  m  represent  moulds  mounted  on  two 
horizontal  boards  a  and  6  (in  which  round  holes  are 
cut)  and  tightly  screwed  at  the  upper  end,  around 
which  a  thin  wooden  frame  is  attached,  three-fourths  of 
which  is  firmly  fastened,  whilst  the  other  one-fourth 
forms  a  slide.  The  lower  end  of  the  moulds  rests  01 
pieces  of  vulcanized  india-rubber  o,  let  into  the  cross 
bar  e;  each  piece  of  india-rubber  being  pfa»ed  with 
a  hole  somewhat  smaller  than  the  wick,  and  as  tho 
wick  is  passed  through  this  hole,  the  latter  compresses 
it  so  tightly  as  to  prevent  the  fat  from  leaking  out  ; 
In  like  manner,  the  leakage  is  prevented  between  tl 
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the  clamp,  Fig.  1876,  is  such  that  the  arm  working  npon  n  joint  at  *  and 
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being  brought  against  the  arm  F,  falls  Into  a  groove  mode  in  its  length,  so  as  to  press  and  kink  the 
wick's  in  said  groove,  anil  fasten  them  firmly  there  by  means  of  the  spring  catch  K,  The  object  of 
this  is,  that  in  raising  the  candles  from  the  moulds  by  this  clamp  they  shall  not  slip  nor  move.  Aa 
the  candles  are  lifted  out  of  the  moulds  (as  in  Fig.  1875),  the  wicks  are  drawn  after  them  from  tho 
spools  K,  and  are  then  clamped  in  position  in  tho  manner  described.  The  wicks  are  next  cut  off 
above  the  lower  clamp,  the  candles  with  the  clamps  removed,  when,  by  sliding  off  the  spring  catch 
K,  tho  spring  8,  between  the  jaws  1 1,  causes  the  arm  j  F  to  separate  and  release  the  wicks. 

Composite  Candles. — Cfrophane. — The  mode  for  manufacturing  this  block  is  the  following : — Melt 
together,  over  a  water-bath,  100  parts  of  stcnric  acid,  and  10  to  11  parts  of  bleached  beeswax;  but, 
to  ensure  success,  the  mixture  must  remain  over  the  bath  from  20  to  30  minutes,  and  without  being 
stirred  or  agitated.  At  the  end  of  that  time,  the  fire  is  to  be  extinguished,  and  the  fluid  allowed  to 
cool  until  a  slight  pellicle  is  formed  on  the  surface,  when  it  is  cast  direct  into  the  moulds,  previously 
heated  to  the  same  temperature,  but  with  the  precaution  of  avoiding  stirring  the  mixture,  as  a  dis- 
regard of  it  would  cause  opaqueness  of  the  mixture,  instead  of  transparency 

Transparent  Bastard  Bougie,  by  Debitte,  of  Paris. — For  100  Ibs.  of  stock  take  90  Ibs.  of  sperma- 
ceti, 5  Ibs.  purified  suet  of  mutton,  and  5  Ibs.  wax ;  melt  each  separately  over  a  water-bath,  and  to 
tho  whole,  when  mixed  together,  add  2  oz.  of  alum  and  2  oz.  of  bitartrate  of  potassa  in  fine  powder, 
and  while  stirring  constantly,  raise  the  heat  to  176°  F.,  then  withdraw  the  fire  and  allow  the  mixture 
to  cool  to  the  temperature  of  140°  F.  When  the  impurities  subside,  the  clear  liquid  must  be  drawn 
off  into  clean  pans.  For  quality  and  good  appearance,  candles  made  of  this  cooled  block  are  more 
than  proportional  to  its  cost.  Morfit  recommends  to  substitute  plaited  wicks  for  the  foregoing 
mixture  to  the  wicks  generally  used  for  composite  candles,  and  to  prepare  them  by  previously 
soaking  in  a  solution  of  4  oz.  borax,  1  oz.  chlorate  of  potassa,  1  oz.  nitrate  of  potassa,  and  1  oz.  sal- 
ammoniac,  in  3  quarts  of  water.  After  being  thoroughly  dried,  they  are  ready  for  moulding. 
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Diaphane. — It  is,  like  the  block  for  ce'rophane,  an  invention  of  Boilot,  and  made  by  melting 
together,  in  a  steam-jacket,  from  2J  to  17£  Ibs.  of  vegetable  wax,  1 J  to  10£  of  pressed  mutton  tallow, 
and  22  to  46  Ibs.  of  stearic  acid.  Both  the  latter  and  the  vegetable  wax"  are  the  hardening  ingre- 
dients. By  changing  the  proportions  between  the  above  limits,  a  more  or  less  consistent  mixture 
may  be  formed.  As  concerns  the  moulding,  it  is  performed  in  the  same  manner  as  for  stearic-acid 
candles. 

Parlour  Bougies,  similar  to  Judo's  "  Patent  Candles." — Although  not  bougies,  a  name  which,  pro- 
perly speaking,  is  only  applicable  to  candles  of  wax  alone,  the  similarity  of  these  candles  to  those 
of  wax  has  induced  the  aforenamed  title  for  them.  According  to  Morfit,  their  mode  of  manufac- 
ture is  as  follows:— Melt  slowly,  over  a  moderate  fire,  in  a  well-tinned  copper  kettle,  70  Ibs.  of 
pure  spermaceti,  and  to  it  add  piecemeal,  and  during  constant  stirring,  30  Ibs.  of  best  white  wax. 
By  increasing  the  proportion  of  wax  to  50  Ibs.,  the  resulting  product  is  much  more  diaphanous ; 
however,  the  bougies  moulded  of  this  mixture  are  not  as  durable  as  candles  made  exclusively  of 
wax.  They  are  tinted  in  different  colours.  For  red,  carmine  or  Brazil-wood,  together  with  alum, 
are  used.  Yellow  is  given  with  gamboge,  blue  with  indigo,  and  green  with  a  mixture  of  yellow 
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and  blue.    Sometimes  the  bougies  are  perfumed  with  essences,  so  that  in  burnin<*  they  mav 
diffuse  an  agreeable  aroma. 

A  still  more  transparent  and  elegant  bougie  is  made  by  adding  only  6J  Ibs.  of  wax  to  100  lb«. 
of  pure,  dry  sperm,  and  the  candles  made  of  the  block  formed  in  these  proportions  resemble  very 
much  the  "  patent  candles  "  of  Judd. 

Composite  Candles.  —  The  block  for  these  candles  is  made  by  adding  a  portion  of  hot-preoed 
cocoa-stearine  to  stearic  acid  of  tallow.  It  is  an  excellent  and  erounmiral  mixture,  in  which  the 
red,  carbonaceous  flame  of  the  latter  ingredient  is  improved  in  illuminating  power  by  the  white 
and  more  hydrogenated  flame  of  the  stearine. 

"  Belmont  Sperm"  —  It  consists  merely  of  a  mixed  stock  of  hot-pressed  stearic  acid,  from  palm 
and  cocoa-butters.  Palmitic  acid  coloured  by  gamboge  is  called  Belmont  vox. 

Harrison  Gambo's  Machine  for  manufacturing  Candles,  Figs.  1877,  1878.  —  B,  Fig.  1878,  is  tho 
receiving-chamber,  surrounded  by  a  steam-jacket  B  B,  Fig.  1877,  ro'M  B',  Fig.  1878.    The  tallow 
is  forced  from  this  receiving-chamber  into  supply-cylinders  L',  Fig.  1877,  MQS,  Fig.  1878,  where 
it  is  acted  upon  by  a  plunger  N,  which  forces  the  tal|ow  into  the  space  in  front  of  a  tubular  plunger. 
This  tubular  plunger  contains  the  candle-presser  and  the  wick-tube  a.    The  tallow  U  pressed  into 
the  mould  K,  then  ejected  from  the  mould,  and  the  wick-tube  drawn  back;  the  wick  being  h«-M 
by  a  clamp  rf,  is  severed  by  the  drawn  shears  W.    The  levers  pp  and  the  reacting  spring!  repeat 
the  motion.    Upon  leaving  the  mould  R  the  candle  enters  a  mould  Y,  which  is  surrounded  by  ice 
old  water.    From  mould  Y  the  candle  is  forced  on  to  arms  A2,  A'-1,  which  are  operated  by 
rs  h,  and  conveyed  to  an  endless  carrier  g.    The  reels  T  T  are  used  in  combination  with  the 

-  U  for  the  purpose  of  limiting  the  let-off  motion  of  the  wick.    P*  is  a  fixed  support  ;  E  bevel 


P*  is  a  fixed  support  ;  E  bevel 

Comma  elastica  ;  SPAS.,  Cautchw. 
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or  cold 

levers  h, 

do°-  U  for  the  purpose  of  limiting  the  let-off  motion  of  the  wick. 

gear  ;  and  C  C'  feed-screw. 

CAOUTCHOUC.     FB.,  Caoutchouc  ;  GEB.,  Eautschuk  ;  ITAL. 

See  GTJTTA-PEBCHA.    INDIA-EUBBEB. 

CAPSTAN.    FB.,  Cabestan  ;  GEB.,  Spill  (Schiffswinde)  ;  ITAL.,  Argano  ;  SPA*.,  Cabrntante 

See  MECHANICAL  POWEBS,  Wheel  and  Axle. 

CARDBOABD-CUTTING  MACHINE.      FB.,  Machine  a  cwper  lea  cartons;  Gis*,  Kartm- 
schneidmaschine  ;  ITAL.,  Macchina  da  tagliare  cartoncini  ;  SPAN.,  Guillotina. 

See  PAPEB  MACHINEBY. 

CARDING  ENGINE.     FB.,  Machine  a  carder  ;  GEB.,  Kriimpelmoachine  ;  ITAU,  Macchina    da 
cardare;  SPAN.,  Carda. 

See  COTTON  MACHINEET. 

CARPET-BEATING  MACHINE.    FB.,  Machine  a  battre  des  tapis  ;  GER^  Teppichreinijung$ 
Machine;  ITAL.,  Macchina  da  battere  i  tappeti  ;  SPAN.,  Mdquina  para  apalear. 

The  Carpet  Beating  and  Cleaning 
Machine  of  G.  P.  Mitchell,  Fig.  1879, 
is  constructed  with  a  shaft  K  that 
drives  a  number  of  counter-shafts  P, 
upon  which  endless  ropes  e  are  ar- 
ranged. 

The  carpet,  carried  and  moved  by 
the  ropes  e,  meets  with  the  whips  A, 
worked  by  rock-shafts  S,  V,  and  thus 
the  carpet  is  beaten  ;  it  is  then  passed 
between  cylindrical  brushes  Q  Q,  which 
effect  the  cleaning  and  brushing. 

The  machine  is  fixed  in  a  frame- 
work J,  G,  F,  and  may  be  temporarily 
placed  in  a  field  or  an  inclosure. 

CARRIER.  FB.,  Moteur  ;  GEB., 
Mitnchmer. 

CARTRIDGE.    FB.,  Cartoucne  ;  GEB.,  2'atronc;  ITAU,  Cartuccia;  SPAH. 
See  OBDNANCE.    SMALL  ABMS. 
CARVING  MACHINERY.    FB.,  Machine  a  tailler  en  boa;  GK*,  a> 
Macchina  da  intagliare  ;  SPAN.,  Mdquina  para  tallar. 

CAW-HARDENING.    FB.,  Tremper  it  la  wife;  GEB^  IRrtc*,  Hartgw,  ITAI^  Ttmftran  a 

pacchetto  ;  SPAN.,  Acerado  por  fuera. 

See  ANVIL.    ACGEB,  p.  201.    IRON.    STEEL. 

CASEMATE.    FB.,  Casemate;  GEB.,  Casematte  ;  ITAL.,  ft  AX.,  t< 

CAsKlACmNERY.    FB.,  Machine  a  monter  k,  /U*O*;  Go,  Jfa**  «-  «*•  *- 

Passer  ;  ITAL.,  Macchina  da  far  barili  ;  SPAN.,  Maquinaria  para 
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Upon  a  base  or  platform  A  B,  Fig.  1880,  are  placed,  in  a  vertical  position,  seven  stout  sup- 
Is  C  D  E  F  G  II  I;  these  supports  are  joined  together  and  strengthened  by  horizontal  pieces 


ports 

firmly  fitted  to  them  in  the  middle.  The  arrangement  of  the  several  smaller  parts,  such  as  wheels, 
screws,  bolts,  and  so  on,  will  be  better  understood  from  the  figure.  To  the  tops  of  the  four  sup- 
ports F  G  H  I  are  affixed,  in  the  manner  shown  in  the  figure,  three  pieces  K  L  M,  connected 
•it  one  extremity  by  a  cross-bar  and  terminated  at  the  other  extremity  by  a  kind  of  trough  or 
spoon,  of  a  sufficient  capacity  to  contain  a  considerable  quantity  of  stones  or  other  matter  which  it 
is  required  to  throw  upon  the  enemy ;  the  opposite  end  of  each  of  these  pieces  is  weighted  to 
counterbalance  the  load  of  missiles.  The  pieces  themselves  being  suspended  by  means  of  several 
double  cords,  great  force  may  bo  communicated  to  them  by  twisting  the  cords ;  the  force  thus 
obtained  ia  considerably  increased  by  the  pressure  of  the  part  N  O,  which  is  affixed  to  the  three 
front  supports  C  D  E  in  the  same  manner  as  the  pieces  we  have  been  considering.  The  part 
N  O  is  also  connected  with  the  lever  P  by  means  of  a  cord  attached  to  its  lower  extremity.  This 
lever  P  is  designed  to  throw  balls  or  pots  filled  with  fire,  or  other  similar  missiles. 
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The  mode  of  preparing  the  engine  for  action  may  be  thus  described  : — A  rope  is  attached  by  a 
hook  to  a  ring  on  the  middle  receptacle,  the  other  end  of  which  rope  is  passed  round  a  drum  S ; 
thia  drum  is  made  to  revolve  by  means  of  the  perpetual  screw  T.  The  three  receptacles  are  in 
this  way  brought  down,  and  the  lever  P  is  raised ;  the  operation,  by  tightening  the  twisted  cords, 
increasing  the  recoil.  They  are  then  fixed  in  this  position  by  a  bolt  Z.  The  receptacles  are  now 
filled  with  missiles,  and  the  engine  is  ready  for  action.  When  the  bolt  Z  is  withdrawn,  each  of 
the  pieces  acted  upon  by  the  twigted  cords,  being  liberated,  recoils  with  great  force.  The  ends  of 
the  levers  carrying  the  missiles  are  brought  violently  against  the  ropes  Q  and  12,  and  the  force  of 
the  concussion  hurls  the  charge  to  a  great  distance. 

The  engine  is  removed  from  place  to  place  by  means  of  perpetual  screws  and  toothed  wheels 
fixed  to  the  spindles  of  the  screws  and  working  into  cavities  in  the  two  wheels  5  aiid  6,  upon 
which  the  engine  rests.  Two  men  are  thus  sufficient  to  move  and  guide  it.  The  five  feet  upon 
which  the  engine  rests  when  stationary  are  firmly  fixed  into  the  ground  with  iron  cramps ;  during 
its  removal  from  one  place  to  another  these  are  turned  up. 

The  cords  should  be  made  of  the  same  material  and  in  the  Fame  manner  as  the  counter-bass 
strings  of  a  violoncello.  See  ANGULAB  MOTION.  INERTIA.  PENDCLUM.  PROJECTILES.  REACTION. 
VELOCITY. 

(JATHETOMETEK.  FB.,  Cat hetomet re ;  GEB.,  Cathetometer ;  ITAL.,  Catetometro;  SPAN., 
Caietametro. 

See  MATERIALS  OK  CONSTRUCTION  ;  Elasticity  of  Traction ;  Elasticity  of  Tortion ;  Elasticity  of 
Flexure ;  2lenacity ;  and  Lfuctility. 
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CEMENT.    FB.,  Ciment ;  GEB.,  Cement;  ITAL.,  Cimento;  SPAN.,  Cimmto 

As  the  many  varieties  of  cement  which  have  during  the  last  seventy  years  been  more  or  Itm 
nsed  for  bmldrag  purposes  are  now  nearly  superseded  by  the  more  valuable  and  better  un,K-r«t.«, 
Portland  and  Roman  cements,  it  is  deemed  unnecessary  to  describe  them,  more  especially  a*  thev 
are  now  becoming,  if  not  already,  obsolete. 

Portland  and  Roman  cements,  although  frequently  used  for  similar  purposes,  vary  materially 
in  their  qualities.  The  former,  rapidly  superseding  the  latter,  is  an  artificial  preparation  pos- 
sessing many  valuable  properties  which  recent  engineering  works  have  been  instrumental  in 
developing. 

Portland  cement  is  made  from  an  intimate  and  perfect  admixture  of  chalk  and  olav  in  varying 
proportions,  according  to  their  respective  values— that  is  to  say,  the  relative  pmi>ortiona  of  car- 
bonate of  lime  in  the  chalk,  and  silica  and  alumina  in  the  clay— the  other  chemical  constituents 
being  too  insignificant  for  consideration  when  the  suitable  kinds  of  chalk  and  clay  are  selected. 
Generally  speaking,  a  proportion  of  20  per  cent,  of  clay  may  be  considered  the  right  quantity! 
provided  it  does  not  contain  more  than  15  per  cent,  of  ferruginous  matter  in  iron  oxides.  The  best 
selected  materials  used  in  making  this  cement  in  England  contain  the  following  ingredient*  :— 
Chalk.  ca 


Lime       56-5 

Carbonic  acid        ..    ""..      ..     43*0 
Water      0-5 


Silica     ..     .. 
Alumina 
Ca.  lime 
Oxide  of  iron 
Soda  and  kali 


68*45 

11-04 
0-75 
14-80 
14-0 


The  method  of  preparation  usually  adopted  is  to  combine  these  two  mater  ala  n  the  most  inti- 
mate and  perfect  manner.  To  effect  this  satisfactorily  the  whole  is  reduced  to  a  soluble  condition 
by  the  aid  of  water  through  the  agency  of  different  mechanical  arrangements,  and  on  the  , 
tion  of  this  process  the  future  success  of  the  manufacture  depends ;  imperfect  or  irregular  projx>r- 
tions  of  clay  or  chalk  resulting  in  a  cement  disastrous  to  the  manufacturer,  and  dangerous  if  TIM  .1 
in  works  of  construction  by  the  engineer  or  architect.  The  mixture  is  passed  into  reservoirs,  and 
the  water  of  solution  drained  off  by  decantation.  After  the  necessary  interval  of  time  has  elapsed, 
the  raw  material,  as  it  may  now  be  called,  is  desiccated,  and  immediately  thereafter  placed  in 
suitable  kilns,  where  it  is  decarbonized,  and  then  becomes  what  is  technically  termeu  clinker. 
From  the  kilns  it  is  removed  to  the  grinding  and  pulverizing  mills,  where  the  final  process  of 
reduction  is  effected,  and  the  cement  then  becomes  suitable  for  all  the  varied  pulses  to  which  it 
may  be  applied. 

The  system  of  manufacture  thus  briefly  described  is  simple  in  character,  and  on  due  and  intel- 
ligent watchfulness  being  exercised  by  the  manufacturer  satisfactory  results  are  easily  obtained. 
The  process  is  necessarily  a  dilatory  one,  and  considerable  time  must  elapse  before  the  raw  mate- 
rial can  be  converted  into  a  marketable  commodity.  Under  ordinary  circumstances,  a  iteriod  nf 
from  two  to  three  months  is  required  to  make  Portland  cement.  This  difficulty  has  led  some 
manufacturers  to  a  consideration  of  the  question  of  superseding  the  tedious  operation  of  washing 
or  mixing  by  that  of  the  dry  process.  Hitherto  all  our  attempts  at  improvement  in  that  din-etinn 
have  not  been  attended  with  much  success.  Some  progress  has,  however,  been  attained  in  ( ;•  rnmny 
by  the  manufacture  of  Portland  cement  without  the  necessity  of  using  large  quantities  of  water 
for  the  mixture  of  the  raw  materials.  Should  this  improvement  be  ca|>able  of  adaptation  in 
England,  a  considerable  reduction  in  the  price  of  the  cement  will  necessarily  follow. 

By  any  system  of  cement  manufacture  the  primary  object  is  the  thorough  amalgamation,  in  the 
minutest  form,  of  the  raw  materials,  so  as  to  realize  to  the  fullest  extent  the  maximum  value  <•( 
the  combination  in  subsequent  stages  of  the  process.  For  even  the  most  accurate  proportions  of 
chalk  and  clay  will  not  accomplish  the  desired  end  unless  the  comminution  of  the  various  par- 
ticles is  perfect  and  complete.  The  wet  system,  as  the  English  method  may  be  called,  aims  at  and 
indeed  accomplishes  the  required  desideratum  in  the  simplest  and  least  expensive  manner.  Tim 
dry,  or  German  system,  as  it  may  be  distinctly  named,  likewise  succeeds  in  thoroughly  amalga- 
mating the  raw  materials  (chalk  and  clay).  While  the  application  of  the  wet  system  is  limited  t<> 
the  manipulation  of  chalk  or  soft  calcareous  earths,  the  drv  system  may  cml.raco  the  nmnufm-turo 
of  Portland  cement  wherever  materials  exist  containing  the  required  ROportkNM  of  carl* 
lime  and  clay.  Indeed,  it  may  almost  be  considered  as  capable  of  nmlkiited  ur  univerMil  appli- 
cation, as  there  are  but  few  localities  deficient  in  the  necessary  quantities  of  these  materials  in  ouo 
form  or  other. 

An  accurate  compliance  with  the  simple  conditions  as  above  described,  invariably  result*  in 
the  production  of  a  Portland  cement  possessing  all  the  essential  qualities  d.-,ir.-.l  l.y  tin  engineer 
and  architect.    Much  attention  is  now  being  pointedly  directed  to  the  question  of  ftjood  P°rtJ«>« 
cement  supply,  and  the  necessary  tests  are  of  so  searching  a  character  aa  to  preclude  t! 
bility  of  any  but  the  best  cements  being  used  where  due  rifflMM  is  exercised  by  those  entrust 
with  works  of  construction.    The  questionable  reputation  which  has  for  so  long*  ti 
attached  to  Portland  cement  was  due  as  much  to  the  professional  indifference  of  t 
architect  as  the  carelessness  of  the  manufacturer;  the  one,  pWMb  impressed  with  a  belit 
the  insignificance  of  the  subject  itself,  and  the  other  MMM  <>f  the  efiuMMV  attained 
commodity,  so  long  as  it  brought  profit  to  himself.    Fortunately,  the  insistence  o 
entrusted  with  the  great  drainage  and  embankment  works  of  the  metropolis,  upon 
with  Portland  cement  of  undeniable  quality,  has  resulted  in  the  institution  Of 
supply  of  faulty  cement  absolutely  impossible  where  due  and  peoeMMT  *  »• 

Experience  acquired  in  those  works  has  established  beyond  cavil  that  the  most 
is  that  which  reaches  or  exceeds  the  following  standard  : 

1st.  In  weight  not  less  than  110  Ibs.  an  imperial  MMML 
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2nd.  Exceeding  fineness  of  powder,  capable  of  being  passed  through  a  sieve  of  from  1GOO  to 
3000  meshes  to  the  square  inch. 

I  :>nml  to  resist  a  tensile  strain  of  200  Ibs.  to  the  square  inch,  after  being  immersed  for  a 
period  of  srvi-n  ihiys  in  water. 

\Vhen  these  throe  conditions  have  been  scrupulously  complied  with,  there  need  be  no  hesitation 
in  using  Portland  cement  for  any  purpose  of  construction  in  water  or  the  air. 

Portland  cement  possesses  in  an  eminent  degree  the  valuable  property  of  hydraulicity,  or  capa- 
city of  setting  and  hardening  under  water;  and  its  many  applications  in  the  construction  of 
harbours,  docks,  and  breakwaters,  have  long  since  established  its  reputation  for  such  purposes.  It 
is  now  (1870)  upwards  of  forty  years  since  its  first  introduction,  and  during  that  period  of  times 
foreign  engineers  especially  have  devoted  much  attention  to  its  properties  and  uses.  Its  appre- 
ciation in  this  country  has  not  been  so  marked;  but  an  awakening  interest  in  the  construction 
of  concrete  buildings  is  gradually  leading  to  the  question  of  its  quality  and  supply. 

When  Portland  cement  is  carefully  and  accurately  manufactured,  it  should,  on  setting,  be  of  n  1  i  gl  it 
grey  colour,  resembling  Portland  stone  in  appearance ;  and  very  probably  this  peculiarity  had  some 
i  n  II  uence  on  giving  it  the  name  it  now  bears.  Any  departure  from  this  colour  indicates  a  faulty  coi  m  •  1 1 1, 
and  proves  that  either  the  proportions  of  the  materials  are  irregular,  or  that  its  decarbonizatioii 
was  incomplete.  It  does  not  deteriorate  by  exposure  to  the  air,  and  may  be  stored  even  for  years 
if  kept  in  a  dry  place.  Various  proportions  of  sand  may  be  mixed  with  it  for  mortar ;  sometimes 
as  much  as  8  parts  of  sand  to  1  part  of  cement  may  be  used  if  the  cement  is  good  in  quality.  Such 
a  proportion,  however,  is  not  generally  recommended ;  but  one  of  3  parts  of  sand  to  1  part  of  cement 
will  he  found  a  good  mixture  for  general  building  purposes.  The  cement  when  required  for  archi- 
tectural embellishment  should  be  worked  neat,  and  for  this  purpose  a  quick-setting  quality  should 
be  employed.  The  plasterer  should,  before  using  it,  make  a  sample  test  in  the  shape  of  a  small 
brick,  or  circular  pats,  which  must  be  put  in  water  as  soon  as  possible  after  it  is  worked  up  by  the 
trowel.  If  after  twenty-four  hours'  immersion  there  are  no  faulty  indications  developed  in  the 
shape  of  cracks,  the  cement  may  be  used  with  safety.  For  concrete  purposes,  the  proportions  are 
sometimes  1  part  of  cement  to  8  parts  of  shingle  or  gravel.  Large  concrete-blocks,  weighing 
330  tons,  have  been  successfully  made  near  Dublin  with  proportions  of  1  part  of  cement  to  6  parts 
of  Liffey  gravel.  This  is  probably  the  most  striking  example  of  the  application  of  concrete  in 
engineering  work. 

Recent  experiments  have  proved  that  Portland  cement  continues  to  harden  or  crystallize  for  a 
lengthened  period.  Briquettes  made  of  neat  cement  (weighing  121  Ibs.  a  bushel),  after  seven 
days'  immersion  in  water,  bore  a  tensile  strain  of  nearly  400  Ibs.  to  the  square  inch ;  and  duplicate 
briquettes,  after  five  months'  similar  treatment,  sustained  a  weight  of  nearly  600  Ibs.  to  the  square 
inch,  showing  thereby  an  improvement  of  50  per  cent,  in  that  time.  Further  experiments  with 
cement  bricks,  to  prove  their  capacity  of  resistance  to  compression,  resulted  as  follows. 

Bricks  three  months'  old,  9"  +  4J"  x  2J"  resisted  fracture  until  a  pressure  of  65  tons  was 
exerted  by  the  agency  of  the  hydraulic  press.  The  weight  was  applied  to  the  brick  on  its  bed, 
having  a  surface  of  38J  sq.  in.  Similar  bricks,  under  like  conditions,  at  six  months  old,  withstood 
a  pressure  of  92  tons.  The  third  experiment,  with  a  brick  nine  months  old,  resulted  in  102  tons, 
showing  upwards  of  50  per  cent,  improved  resistive  value  in  a  period  of  six  months. 

In  the  same  series  of  experiments  other  building  materials  of  acknowledged  excellence  were 
operated  upon,  and  the  following  values  were  obtained : — 

Exposed  Surface. 

Oldham  red  bricks 39-33  sq.  in. 

Medway  gault  c 
„       pressed 
Stafford  blue  brick 
Fireclay 
Wortley  blue 
Portland  stone 
Bromley  Fall  stone 
Yorkshire  Landing 

Showing  thereby  that  at  nine  months  old  a  neat  Portland  cement  brick  exceeded  in  resistive  value 
the  best-known  building  materials  of  this  country.  It  is  quite  possible  also  that  a  greater  age  may 
yet  indicate  an  increase  of  strength,  an  advantage  our  experience  does  not  lead  us  to  expect  from 
bricks  or  stones.  Induration  continues  in  the  case  of  Portland  cement  to  an  extent  beyond  the 
limits  of  our  present  knowledge. 

In  another  series  of  experiments  it  was  found  that  cement,  weighing  106  Ibs.  a  bushel,  resisted 
a  tensile  strain  of  210  Ibs.  to  the  square  inch,  and  when  the  weight  of  the  cement  was  130  Ibs.  a 
bushel  it  required  an  exertion  of  406  Ibs.  an  inch  to  cause  rupture — showing  that  by  an  increase 
in  weight  of  24  Ibs.  a  bushel  the  strength  of  the  cement  was  nearly  doubled. 

Heavy  cement  is  necessarily  slow-setting  in  character ;  but  these  experiments  and  the  most 
eminent  engineering  practice  indisputably  prove  that  without  weight  you  cannot  obtain  great 
strength 

The  analysis  of  a  good  average  sample  of  Portland  cement  should  be — 

Calcium       62  I  Alumina     ..      ..      ..      ..     8 

Silica 23  Oxide  of  iron     4 

To  give  full  effect  to  the  required  conditions  necessary  to  obtain  a  good  Portland  cement  for 
building  purposes,  the  use  of  a  testing  machine  is  indispensable ;  and  on  works  of  ordinary  extent 
the  engineer  or  architect  should  insist  on  its  being  applied  to  every  delivery  of  cement  sent  on  to 
the  works. 


brici 

:s 

.     40-50 
.     40-50 
.     27-90 
.     34-85 
.     34-76 
.     39-94 

. 

.     39-94 
.     38-28 

Average  Crushing 
Weight. 

40  tons. 
17 
48 
50 
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About  ten  years  ago,  and  indeed  since  then,  many  attempts  have  been  made  to  introduce  what 
were  ostentatiously  termed  natural  Portland  cements,  obtained  from  the  blue  lias  lime  formation 
of  the  West  of  England.  Their  indiscriminate  use  led  to  much  dissatisfaction  and  loss,  from  their 
unfitness  as  a  substitute  for  Portland  cement,  properly  so  called.  The  charm  of  cheapne-*  for  a 
time  obtained  for  them  a  place  amongst  cements,  and  the  comparative  ignorance  which  then 
prevailed  as  to  the  essential  qualities  of  a  good  cement  enabled  the  manufacturers  of  these  lion 
limes  to  hold  a  position  in  the  market  which  a  more  advanced  knowledge  of  the  subject  would  now 
prevent. 

The  Boulogne-sur-Mer  natural  Portland  cement  diners  considerably  from  the  above,  being  mado 
from  a  deposit  of  argillo-calcareous  earth  containing  from  19  to  25  per  cent,  of  clay ;  the  silica  and 
alumina  of  which  is  variable.  When  more  than  one-twentieth  of  sand  is  present  in  its  composition 
it  has  to  be  rejected  as  unsuitable.  This  clay  or  earth  is  found  in  the  inferior  cretaceous  formation. 

The  objection  to  all  kinds  of  natural  cements  is  the  uncertainty  in  the  value  of  their  constituent 
parts.  Their  ever-varying  ingredients  render  them  unsuitable  for  building  purposes  when  any 
degree  of  excellence  or  strength  is  required.  No  such  obstacle  exists  in  the  use  of  sound  Portland 
cement,  and  that  is  the  reason  why  it  lays  claim  to  and  maintains  its  superiority  over  all  other  kinds 
of  cements.  The  manufacturers  can,  when  duly  impressed  with  the  necessity  of  accuracy  in  manipu- 
lating the  materials  from  which  the  cement  is  made,  unerringly  ensure  the  required  results  in 
quality  and  strength ;  the  moderate  limitation  of  which  is  only  controlled  by  the  cost. 

In  the  above  remarks  it  is  not  intended  to  convey  the  impression  that  there  is  any  difficulty  in 
making  Portland  cement  of  light  specific  gravity  and  colour.  Portland,  cement  can  be  made  from 
90  to  140  Ibs.  weight  a  bushel ;  but  the  value  of  the  one  is  of  course  much  less  than  the  other ;  so 
also  is  its  strength  and  quality — the  light  cement  setting  more  speedily  than  tho  heavy  cement. 
The  colour  also  varies  from  a  light  buff  to  the  deepest  grey. 

Notwithstanding  the  point  of  excellence  to  which  Portland  cement  has  attained,  especially 
Tinder  the  accurate  and  intelligent  manipulation  of  Henry  Reid,  there  is  still  much  room  fur 
improvement  in  its  manufacture.  Its  continually  increasing  application  for  all  kinds  and  formfl 
of  construction  points  it  out  as  a  valuable  agent  for  substituting  concrete  houses  for  the  worthlcw 
brick  buildings  of  this  country.  It  is  to  be  hoped  that  changes  in  the  processes  of  manufacture  will 
eventually  result  in  reducing  the  price  of  an  article  which  at  present  bears  a  very  disproportionate 
relation  to  the  value  of  the  simple  and  inexpensive  materials  from  which  it  is  prepared. 

Raman  Cement. — This  cement,  although  gradually  giving  way  to  its  more  energetic  rival  Portland 
cement,  possesses  nevertheless  many  good  qualities.  It  differs  from  Portland,  being  a  natural 
cement;  and  in  consequence  of  there  being  great  varieties  of  stones  from  which  it  is  made,  much 
care  is  necessary  in  ascertaining  their  exact  quality  before  using  it  for  building  purposes.  The 
origin  of  the  name  arose  probably  from  its  resemblance  in  colour  and  general  characteristics  to  tho 
mortar  found  in  Roman  remains  in  England.  It  was  first  introduced  by  Parker  in  179(J,  who 
obtained  a  paten*  for  manufacturing  cement — named  by  him  Roman — from  the  septaria  nodules 
of  the  London  clay  found  along  the  shores  of  the  Isle  of  Sheppy,  in  Kent.  Subsequently,  Frost 
.and  other  makers  introduced  Roman  cement  made  from  similar  materials  found  in  the  cluy  forma- 
tions of  other  districts  in  England.  The  term  Roman  is  now  generally  applied  to  all  natural 
cements  of  a  dark  brownish  colour,  and  it  is  this  distinguishing  peculiarity  which  so  markedly 
•separates  it  from  the  Portland  cement,  which  is  of  a  grey  colour.  The  Roman  cenumt  stone  is 
found  in  many  parts  of  England,  North  Wales,  the  Isle  of  Wight,  and  in  Scotland.  Several 
districts  in  France  also  furnish  considerable  quantities  both  from  the  clay  and  artrillaceon* 
limestone  formations.  There  are  very  extensive  deposits  in  the  United  States  of  America,  from 
which  is  manufactured  a  cement  resembling  that  of  this  country  both  in  colour  nnd  other  jxvuli- 
aritiea.  There  can  be  no  doubt  that  in  many  districts  of  England  and  Scotland  this  cement  stone 
abounds;  and  it  is  only  by  reason  of  the  apathy  and  indifference  of  engineers  and  architects  on 
the  subject  that  so  little  progress  has  been  made  "towards  its  greater  development. 

The  Roman  cements  generally  sold  in  London  are  the  Harwich,  Isle  of  Shoppy.  Rot; 


years  ago  large  quantities  of  these  American 'cements  were  shipped  to  Australia  and  other  place*, 
and  called  Portland  cements;  but  they  differed  so  much  from  that  artiele,  that  their  i.mimn.etun  r* 
finally  abandoned  their  pretensions,  after  great  loss  had  been  incurred  by  the  merchants  wht 
shipped  them. 

In  general,  these  cement  stones  contain  about  60  per  cent,  of  carbonate 

with  from  30  to  40  per  cent,  of  clay.  The  oxides  of  iron  and  magnesia  which  they  contain  are  van 
able.     Few  of  them  have  alumina  or  soda,  nnd  it  is  donhtle.-*  from  the  ul.wnccof  th«w  ingrrdi 
that  they  are  so  inferior  to  the  artificial  Portland.    The  elny  is  highly  fcrroginpua  in  elu 
which  to  a  great  extent  accounts  for  the  rapidity  with  which  they  set;  und  to  thw  cam 
be  due  their  want  of  permanently  indurative  capacity. 

The  following  analysis  of  well-known  Roman  cement  stones  will  better  explain  the  rcli 
quantities  of  the  ingredients .—  ^  Carton.*  of  Lime. 

Parker's  cement     ..      ..       45 '6  ..    .. 

Yorkshire     „         ..      ..       34-0 
Shoppy         "         ..      ..       32-0  ..    ..  66- 

Harwich       „         ....       47  '0 

Oxidi-  of  Iron.      Sllics.         Alumtaa.     C»rh.  Unx.       M«* 
Southend  cement     ..      ..      9'0  12-0 

Protoxide  of  Iron.     Rllicm.         Alumina.    Otrh.  Lime. 
Calderwood    ,          ..      ..     10'2  8'8  3-4 


934  CEMENT. 

The  American  cement  stones  have  more  alumina  and  less  carbonate  of  lime  than  those  of  this 
country.  It  i>  n  curious  circumstance  that,  notwithstanding  their  excellence  and  abundance,  Roman 
cement  is  still  sent  from  London  to  New  York. 

A  remarkable  difference  between  the  Roman  and  Portland  cement  is  the  necessity  for  applying 
opposite  tests  in  selecting  the  best  sorts  when  manufactured.  Portland  is  best  when  heaviest :  up 
to  140  Ibs.  weight  a  bushel  if  possible.  On  the  other  hand,  Roman  is  judged  by  its  lightness ;  and 
when  it  weighs  about  75  Ibs.  a  bushel  it  is  best.  These  two  different  properties  tell,  however,  in 
a  most  marked  manner  when  we  come  to  consider  which  is  the  better  cement  to  keep  for  a  length- 
ened period  without  deterioration.  Portland  cement  possesses  this  valuable  property  in  a  high 
degree,  and  Roman  cement  can  lay  but  little  claim  to  this  excellent  quality. 

The  stone  principally  used  in  London  is  that  obtained  from  the  coast  near  Harwich,  and  is 
delivered  in  London  oy  barges  at  a  cost,  according  to  quality,  of  from  6s.  to  8s.  a  ton. 

The  process  of  manufacture  is  most  simple,  and  the  only  care  required  is  to  prevent  its  being 
vitrified  when  burnt.  The  great  aim  is  to  have  the  cements  of  the  lowest  weight ;  this  can  only 
be  attained  by  a  maximum  amount  of  decarbonization  in  the  kiln.  The  stones  lose  in  weight  by 
this  process  about  30  per  cent,  without  any  appreciable  loss  in  bulk.  The  form  of  kiln  used  does 
not  differ  much  from  the  commonest  kind  of  lime-kiln.  It  is  usually  from  20  to  25  ft.  high,  from  9  to 
12  ft.  wide  at  top,  and  from  7  to  8  ft.  wide  at  the  bottom.  Each  kiln  has  four  eyes,  or  drawing-holes,  to 
take  away  the  stone  when  burnt ;  it  is  seldom  necessary  to  have  them  all  in  use  at  the  same  time. 
The  stone  is  broken  to  a  uniform  size  of  from  2  to  3  in.,  and  placed  in  the  kilns  in  layers ;  each 
layer  having  the  necessary  amount  of  fine  coal  placed  on  it,  for  the  purpose  of  decarbonizing  or 
burning  the  stone.  The  fuel  required  for  this  purpose  varies,  as  the  stone  or  coal  is  seldom 
regular  in  quality.  The  experienced  burner  will  easily  regulate  the  necessary  quantity.  When  a 
kiln  is  once  lighted  up,  it  may  be  kept  burning  for  many  months  without  any  attention  beyond  the 
regular  daily  withdrawal  of  the  burnt  stone  and  the  addition  of  the  fresh  materials  so  that  the 
kiln  may  always  be  kept  full.  The  best  and  most  profitable  kiln  is  one  with  a  70  or  80  tons 
capacity.  Smaller  kilns,  however,  may  be  used  in  localities  where  the  demand  for  cement  is 
limited.  It  is  advisable  to  adjust  the  size  of  the  kiln  so  that  it  may  always  be  burning ;  such  an 
arrangement  is  the  most  economical,  as  you  thereby  save  the  waste  incurred  in  relighting  after  each 
charge  has  been  drawn.  The  burnt  stone  may  be  kept  for  a  considerable  time  before  being  ground, 
and  it  is  better,  therefore,  if  necessary,  to  allow  it  to  remain  in  this  state  than  to  keep  the  powder, 
as  in  that  condition  it  speedily  and  permanently  deteriorates. 

The  grinding  or  pulverization  of  the  cement  should  be  carefully  attended  to.  The  point  of 
reduction  is  seldom,  in  this  country  at  least,  carried  beyond  the  No.  30  gauge ;  but  in  America  the 
engineers  insist  on  having  it  ground  so  that  only  8  per  cent,  will  be  rejected  by  an  80-gauge  sieve 
(6000  meshes  to  the  square  inch).  English  engineers  and  architects  have  not"  been  so  exacting  in 
their  stipulations  for  fine  grinding,  and  a  No.  40  (1600)  gauge  may  be  considered  as  the  maximum 
of  pulverization  of  English  Roman  cement. 

There  can  be  no  doubt  that  progress  in  the  use  of  Portland  cement  was  much  retarded  by 
interested  Roman  cement  manufacturers,  in  consequence  of  the  ease  with  which  the  latter  could  be 
made.  Indeed,  it  was  and  is  so  simple  in  character  that  the  most  ignorant  are  almost  capable  of 
preparing  it  for  the  market.  The  selection  of  the  stone  itself  is  not  difficult ;  and  when  the  most 
ordinary  care  was  bestowed  on  the  processes  of  burning  and  grinding,  the  makers  run  but  little  risk 
in  carrying  on  what  doubtless  was,  until  very  lately,  a  very  profitable  trade.  Roman  cement  can 
be  prepared  for  the  market  in  a  few  days.  That  advantage,  from  a  manufacturer's  point  of  view 
at  least,  was  considerable ;  whereas  the  conversion  of  the  raw  materials  into  Portland  cement  occu- 
pied a  period  exceeding  two  months,  according  to  the  seasons.  Again,  the  manufacture  of  Roman 
cement  requires  but  little,  if  any,  scientific  or  advanced  technical  knowledge.  On  the  other  hand, 
Portland  cement  making  is  attended  with  much  risk  and  anxiety,  and  cannot  be  successfully  con- 
ducted without  a  perfect  knowledge  of  the  raw  materials  and  their  accurate  manipulation.  For 
these  cogent  reasons,  therefore,  the  ascendency  of  Roman  cement  was  maintained  for  a  much  longer 
time  than  its  merits  really  deserved.  It  was  not  until  the  professional  mind  was  thoroughly 
awakened  to  its  shortcomings  and  failings  that  it  was,  in  important  works  at  least,  superseded  by 
Portland  cement,  with  good  reason,  as  the  following  tests  will  prove. 

It  should  be  premised,  to  account  for  the  variability  of  the  results  in  the  following  Tables,  that 
Roman  cement,  as  already  observed,  is  prejudicially  influenced  when  in  contact  with  the  air  and 
the  moisture  which  it  contains.  Its  highest  value,  therefore,  can  only  be  realized  when  fresh  burnt 
and  finely  ground.  The  cement  submitted  to  experiments  was  obtained  from  four  makers  of  esta- 
blished reputation. 

AGE  OP  BRICKS. 
Tensile  Strain  per  sq.  in.  in  Ibs. 

7  Days. 

No.  1  Maker  .. 

n      2       „ 

„    3      „ 

»'  „  . .        . . 

Medina 

Attempts  were  made  during  the  time  these  experiments  were  being  tried  to  extend  their  useful- 
ness by  ascertaining  the  value  of  the  cement  when  mixed  with  various  proportions  of  sand.  The 
results,  however,  were  found  to  be  so  low  and  unsatisfactory  that  the  further  search  for  information 
in  that  direction  was  abandoned,  as  not  being  likely  to  lead  to  any  useful  result. 

Notwithstanding  the  many  disadvantages  attending  the  use  of  Roman  cement,  it  must  be 
borne  in  mind  that  it  is  to  be  found  in  many  countries  and  localities  where  it  might  be  readily  used 
with  advantage  when  Portland  cement  or  hydraulic  limes  could  not  be  obtained.  It  is  now  fre- 
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1  Month. 

6  Months. 

1  Year. 

89 

108 

167 

144 

89 

116 
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286 

54 

160 

112 

120 

60 

96 

194 
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136 

183 

212 

CEMENT. 


935 


quently  used  in  protecting  the  joints  of  Portland  cement,  while  setting,  from  the  injurious  action 
of  the  sea  or  running  water  in  harbour  and  similar  works.  Smeaton,  when  building  the  Kddystone 
Lighthouse,  long  before  the  introduction  of  Roman  cement,  used  plaster  of  Paris,  in  protecting  the 
joints  of  his  composite  mortar,  made  from  puzzolana  and  blue  lias  lime,  from  the  violent  action  of 
the  sea. 

Roman  cement  cannot  bear  a  greater  admixture  of  Band  than  1  to  1.  For  concrete,  however 
in  foundations  at  least,  it  may  be  used  up  to  5  or  6  of  gravel  to  1  of  cemeut.  Ill  the  Thames  Tunnel 
neat  cement  was  used  for  the  arches,  1  of  sand  to  1  of  cement  for  the  foundations,  and  *  sand  to  1  of 
cement  for  the  piers.  When  used  for  internal  plastering,  it  requires  painting  to  hide  the  unsightly 
reticulated  appearance  of  its  surface  after  having  been  exposed  for  some  time  to  atmospheric  acti<  >n. 
Much  unsightly  plastering  is  executed  in  London,  from  a  supposed  economical  application  of  Roman 
and  Portland  cements.  The  wall  to  be  plastered  is  first  coated  with  a  layer  of  Roman  cement,  which, 
when  dried,  is  covered  with  a  thin  coating  of  Portland  to  give  a  finish  and  appearance  to  the  whole. 
This  mode  of  using  the  two  cements  is  highly  objectionable,  and  can  only  proceed  from  a  want  of 
knowledge  of  the  peculiarities  of  the  cements,  which  differ  so  materially  in  their  properties.  It  is 
difficult  to  put  two  layers  of  the  same  cement  on  each  other.  The  joints  between  two  coats  of 
cement  are  seldom  perfect. 

Cement  manufacturing  is  an  important  branch  of  our  industry.  Some  years  ago,  and  before 
Portland  cement  had  established  its  position,  the  English  Government  had  their  attention  call.il 
to  the  scarcity  of  Harwich  cemeut  stone  caused  by  its  being  dredged  and  taken  away  in  large  quan- 
tities by  foreigners.  The  matter  appeared  of  sufficient  importance  to  attract  the  consideration  of 
the  late  Sir  Robert  Peel,  who  intended  levying  a  tax  on  the  stone  taken  out  of  the  country.  On 
representation  being  made  to  him,  however,  that  this  country  contained  inexhaustible  beds  of  raw 
materials  which,  when  operated  upon,  produced  an  artificial  cement  much  superior  to  the  Roman, 
he  abandoned  his  intended  taxation. 

It  is  remarkable  that  the  three  perhaps  most  celebrated  engineering  works  of  modern  times  led 
to  improvements  in  mortars  and  cements.  Smeaton,  while  (1756)  experimenting  on  mortars  for 
the  Eddystone  Lighthouse,  discovered  the  value  of  puzzolana  in  combination  with  blue  lias  lime 
in  imparting  great  setting  energy  to  the  mixture.  Indeed,  at  that  time  he  established  the  value  of 
clay  in  conjunction  with  the  carbonate  of  lime,  which  more  than  eighty  years  afterwards  led  to 
the  investigation  which  ultimately  resulted  in  the  discovery  of  Portland  cement.  The  eon-tniotion 
of  the  Menai  Bridge  by  Telford  set  at  rest  all  doubts  as  to  the  value  of  Aberthaw  lime  for  hydrnulin 
purposes.  The  Thames  Tunnel,  again,  furnished  conclusive  evidence  of  the  great  value  of  Roman 
cement,  which  was  almost  entirely  used  in  its  construction  by  the  Brunels. 

Portland  Cement. — Particulars  specified  by  the  War  Office,  England. — Portland  oomont  is  to  bo  of 
the  best  quality,  ground  extremely  fine,  weighing  not  less  than  100  Ibs.  a  striked  lmsln-1  ( filled 
into  a  bushel  measure  as  lightly  as  possible),  and  capable  of  maintaining  a  breaking  weight  of 
450  Ibs.  seven  days  after  being  made  into  a  mould  of  the  form  and  dimensions  given  in  Figs.  1881 
to  1883 ;  the  specimen  being  immersed  in  water  as  soon  as  it  has  set,  and  so  left  during  the  interval 
of  seven  days. 

Cement  placed  in  the  testing-mould,  Fig.  1883, 
to  be  experimented  upon,  must  be  in  good  con- 
dition, and  thoroughly  mixed  on  a  clean  floor,  and 
applied  as  soon  as  mixed. 

The  cement  and  sand  have  to  be  carefully 
measured  in  proper  measures,  which  tire  kept  for 
the  purpose. 

Hydraulic  Cements,  natural  and  artificial. — The 
term  hydraulic  cement  is  generally  used  in  dis- 
tinction to  hydraulic  lime.  The  former,  contain- 
ing a  larger  proportion  of  silica  and  alumina  and 
a  smaller  proportion  of  carbonate  of  lime  than  the 
latter,  does  not  slake,  and  sets  generally  in  a  few 
minutes  even  under  water.  Hydraulic  limes, 
on  the  other  hand,  slake  thoroughly  and  harden 
slowly  under  water.  Some  limestones  exist  which, 
when  completely  calcined,  yield  hydraulic  lime; 
but  when  imperfectly  calcined,  yield  cement. 
Other  limestones,  such  as  chalk,  when  imperfectly 
calcined,  or  too  much  calcined,  yield  fairly  hy- 
draulic limes ;  while,  if  they  be  calcined  merely 
up  to  the  point  when  all  the  carbonic  acid  IB 
driven  off,  and  no  further,  they  yield  a  lime  wh:ch 
never  solidifies  under  water.  Other  limest<  nea 
yield  on  calcination  a  result  which  can  ne'ther 
be  termed  lime  nor  cement,  owing  to  its  slaking 
very  imperfectly,  and  not  retaining  the  hardness  which  it  quickly  takes  when  first  pb 

^  The  natural  hydraulic  cement  best  kmwn  in  England,  of  which  we  haTC  ppnkcn.  i«  that  whi<-h 
is  most  absurdly  termed  Ramm  cement,  or,  more  sensibly,  I'.rL-rtocmn 
the  form  of  nodules  in  the  island  of  Pheppy.    The  composition  of  them  nodi 
same  as  that  of  the  Boulogne  pebbles,  from  which  a  similar  ci-im-i.- 
the  stone  is  of  a  fine  close  grain,  of  a  rather  pnsty  appearance;  the  sur 
greasy  to  the  touch.    It  sticks  easily  to  the  tongue:    ito  dust,  wl..  n 
a  knife,  is  a  greyish  white.    During  the  calcination  the  stone  low*  about  o 
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and  the  colour  becomes  of  a  brown  tinge,  differing  with  the  stones  from  which  the  cement  is  made. 
It  becomes  soft  to  the  touch,  niul  loaves  upon  the  fingers  a  very  fine  duet ;  it  sticks  very  decidedly 
to  the  tongue.  When  taken  out  of  the  kiln  it  absorbs  water  with  much  ditliculty.  It  is  usually 
burnt  in  conical  kilns,  and  pulverized  by  the  manufacturer,  and  then  sold  in  well-closed  casks. 
In  Russia,  Ann -rii'ii.  India,  and  elsewhere,  similar  natural  cements  have  been  met  with;  but,  as 
they  are  comparatively  rare  and  expensive,  much  attention  has  been  bestowed  on  finding  or 
inventing  a  *ml>.-titutf  tor  them.  Carbonate  of  magnesia  alone  has  been  found  to  yield,  on  calci- 
nation, an  excellent  hydraulic  cement.  When  mixed  with  1J  times  its  bulk  of  sand,  it  makes 
a  beautiful  hard  plaster  or  stucco. 

Vicat  was  the  first  to  point  out  the  method  of  forming  an  artificial  hydraulic  cement  by  the 
mixture  of  lime  and  unburnt  clay ;  and  General  Pasley  afterwards,  in  a  most  elaborate  series  of 
experiments,  proved  that  a  hydraulic  cement  might  be  formed  equal  to  the  best  obtained  from 
natural  sources 

Pasley's  experiments  were  made  principally  with  chalk  lime  and  the  blue  alluvial  clay  of  the 
river  Medway,  near  Chatham.  The  result  he  arrived  at  was,  that  a  mixture  of  4  parts  by  weight  of 
pure  chalk,  perfectly  dry,  with  5 '5  parts,  also  by  weight,  of  alluvial  clay,  fresh  from  the  Medway, 
or  of  10  parts  of  the  former  with  13f  of  the  latter,  would  produce  the  strongest  artificial  cement 
that  could  be  made  by  any  combination  of  these  two  ingredients. 

From  the  experiments  of  Vicat  and  Pasley  on  making  artificial  cements,  it  would  appear  that 
the  best  mixture  for  making  cement  consists,  before  burning,  of 

Two  ingredients  of  carbonate  of  lime      50-5  x  2  =  lOl'O 

One  ingredient  of  clay,  of  which  the  probable  composition  is — 

One  equivalent  of  alumina        51'4 

Six  ditto  silica      ..             93'0         =  144-4 


So  that  the  composition  in  100  parts  is : — 

Carbonate  of  lime 
Clay 


245-4 


41 

59 

100 

The  weight  of  the  blue  clay  he  found  to  be  90  Ibs.,  and  of  the  dry  chalk  powder  40  Ibs.  a 
cubic  foot. 

His  metnod  of  proceeding  was  as  follows: — The  clay  was  weighed  when  fresh  from  the  river 
(taken  from  about  18  in.  below  the  surface),  and  was  never  dug  unless  required  at  once ;  it  being 
found  that  even  twenty-four  hours'  exposure  to  the  atmosphere  injured  it.  The  chalk  was  not 
weighed  until  well  dried  and  pounded,  owing  to  its  extraordinary  retentiveness  of  moisture.  The 
chalk  was  then  mixed  with  water  into  a  thick  paste.  The  chalk  and  clay  were  then  each  sepa- 
rately divided  into  portions  or  lumps  as  nearly  as  possible  equal,  and  put  alternately  into  a  pug 
mill  of  the  ordinary  description,  Figs.  1884  to  1888,  where  they  were  most  thoroughly  and  inti- 


1887. 


mately  mixed.  The  raw  cement  thus  formed  was  then  made  up  into  balls  of  about  2J  in.  in 
diameter,  and  placed  in  the  kiln  alternately  with  about  equal  layers  of  fuel — a  layer  of  fuel 
always  being  at  the  top  and  bottom.  The  fuel  used  was  coke,  in  preference  to  coal ;  and,  in  the 
email  furnace  or  kiln  used  by  Pasley,  three  hours  was  found  to  be  about  the  average  time  required 
for  burning  the  cement.  As  the  calcined  cement  was  drawn  from  the  bottom  of  the  kilu,  fresh 


CEMENT. 


937 


for  use,  so  fhat  they  should  not  be  expVeTto  ^.S^p^T  T^KS ^Uurn 
9£  measures  of  calcined  out  of  10  measures  of  raw  cement 

The  proportions  just  named  formed  the  best  artificial  cements  was. 

Pasley,  after  due  investigation,  found  that  any  given  weight  of 
well-burned  chalk  lime,  and  consequently  of  any  other°pure 
quick-lime,  fresh  from  the  kiln,  combined  with  twice  its  own 
weight  of  blue  clay,  fresh  from  the  river,  will  form  an  excellent 
water  cement;  observing,  however,  that  the  quick-lime,  after 
being  weighed,  must  be  slaked  with  excess  of  water  into  a  thin- 
nish  paste,  and  allowed  to  remain  in  that  state  about  tweuty- 
four  hours  before  it  is  mixed  with  the  clay. 

These  proportions  by  weight  are  nearly  equivalent  to  a  mix- 
ture of  5  measures  chalk  powder  to  2J  measures  of  blue  clay. 
Since  555  grains  of  quick-lime  are  the  produce  of  1000  grains 
dry  chalk,  which,  in  a  state  of  powder,  will  fill  5  measures ;  of 
which  1110  grains  of  clay  will  fill  2J  measures. 

Portland  cement  is  formed  very  much  from  the  ingredients 
used  by  Pasley,  but  with  different  proportions.  It  takes  its  name 
from  its  likeness  in  colour  to  Portland  stone ;  but  it  is  in  no  way 
connected  with  it.  The  ingredients  are  chalk  and  the  mud  of 
the  river  Medway,  in  the  neighbourh'ood  of  which  it  is  chiefly 
manufactured.  The  process  is  as  follows : — The  chalk  used  con- 
tains about  7£  per  cent,  of  clay.  The  mud  contains  about  70  per 
cent,  of  alumina  and  iron  to  30  per  cent,  silica.  Eight  or  nine 
parts  of  chalk  with  two  parts  of  mud  are  passed  through  a  crush- 
ing mill,  into  which  is  let  a  supply  of  water,  which,  running  off 
at  the  side  opposite  that  at  which  it  enters,  carries  off  the  crushed 
particles  into  a  large  vat,  60'  x  40'  x  3'.  Here  the  sediment 
settles  down,  and  becomes  tolerably  solid,  while  the  surface  water 
is  run  off  or  evaporates.  The  mixture  is  now  spread  out  on  a 
drying  floor  to  a  depth  of  about  6  in.,  and  is  dried  by  coking 
ovens  below  it.  These  ovens,  at  the  same  time  as  they  dry  tho 
raw  cement,  are  converting  coal  into  coke ;  and  this  being  accom- 
plished, both  cement  and  coke  are  taken  to  the  kiln,  where  they 
are  spread  in  alternate  layers,  and  burnt  at  a  very  high  tempe- 
rature. The  cement,  when  burnt,  is  in  a  state  of  incipient  vitri- 
fication :  indeed,  it  should  be  over-burnt ;  as  the  particles  should 
be  just  beginning  to  run  together.  This  excessive  burning  is  a 
distinctive  feature  of  its  manufacture.  It  is  now  crushed  between 
two  iron  wheels  revolving  on  one  .another,  and  ground  between  1W6. 

two  sandstone  millstones ;  and  then  the  cement  is  complete,  and 

is  carefully  packed  in  3-bushel  casks.  The  danger  of  the  use  of  this  cement  is  that  it  la  apt  to 
swell  in  the  joints  of  masonry  after  being  applied;  but  it  is  admirably  adapted  for  buildings 
exposed  to  the  action  of  water,  and  for  external  plastering,  as  it  sets  very  fast  and  attains  great 
hardness,  and  does  not  allow  of  the  formation  of  vegetation,  as  the  natural  cements  do. 

Coignet's  agglomerated  concrete  consists  of  a  proportion  of  sand,  a  smaller  quantity,  porhans  J, 
of  lime,  and  a  minimum  quantity  of  Portland  cement,  say  fa  ^  or  -Aj.  Instead  of  mixing  tin  -MI 
ingredients  with  mortar,  so  as  to  form  a  mortar  of  ordinary  consistency,  a  very  small  quantity 
only  of  water  is  added,  and  the  mass  is  made  to  undergo  a  trituration  of  greater  or  less  duration 
by  means  of  special  apparatus.  By  this  trituration,  notwithstanding  the  feeble  quantity  of  water, 
a  pulverulent  mass  is  obtained,  which  acquires  by  a  more  prolonged  trituration  the  consistency  of 
a  firm  plastic  paste.  It  is  then  ready  for  the  mould,  into  which  it  in  introduced  in  sucreasivc  and 
very  thin  layers,  which  are  submitted  to  a  powerful  ramming  process.  This  operation  of  oomprac- 
sion  effects  such  a  complete  agglomeration,  that  each  cubic  metre  and  a-half  of  aand  and  lime  it 
made  to  occupy  the  space  of  only  1  metre ;  and  the  lime,  whose  particles  are  thus  mechanically 
brought  into  contact,  becomes  indurated  with  astonishing  rapidity  and  intensity.  A  few  day*,  in 
some  cases  hours,  suffice  for  the  mass  to  acquire  the  character  of  hard  stone. 

As  the  work  of  one  day,  with  this  concrete,  unites  perfectly  with  that  of  tho  prorr.linp,  it  in 
plain  that  a  mass  of  this  species  of  masonry  can  be  augmented  indefinitely,  BO  that  a  house,  bridge, 
reservoir,  or  any  other  construction,  can  be  made  to  form  a  monolith. 

The  most  important  building  executed  in  agglomerated  concrete  ia  tho  church  of  YetiiMt, 
situated  in  a  park  of  the  same  name,  near  Paris.    It  is  of  Gothic  style,  and  the  entire  muntiry 
forms  a  single  block.    The  division  of  the  naves  is  formed  by  piers  of  grouped  colonnettet  in  cart 
iron;  these,  together  with  the  cast-iron  responds  against  the  lateral  walls,  support  the  »• 
the  roof,  which  is  of  wrought  iron.    The  concrete  of  which  tho  walling  is  composed  contains :  rirer- 
sand,  3  parts ;  earthy  and  ferruginous  sand,  from  Vcsinct,  1  part ;  slacked  lime,  in  powder,  fn 
Argenteuil,  1  part;  heavy  cement  (cimcnt  lounlc),  from  Paris,  J  part;  cement  forming  ^  par 
the  whole. 


. 

Another  advantage  arising  from  the  suppression  of  water,  the  enclitic 
ed  aggregation  of  the  particles  of  lime,  in  these  concrete*,  is,  that  a  alight  difference  in  quality 
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of  tho  lime  affects  bnt  little  the  result  obtained ;  therefore  the  nearest  hydraulic  lime  at  hand  will 
serve  the  purpose ;  whereas,  in  other  concretes,  tho  best  lime  must  be  obtained,  in  order  to  secure 
a  good  mortar.  In  fact,  M.  Coignet  presented  to  the  Society  of  Civil  Engineers,  in  Paris,  specimens 
capable  of  receiving  a  high  polish,  comi>oscd  of  tho  worst  description  of  lime,  even  ordinary  quick- 
lime, bad  mid  marly  Bands,  fine  tea-sand  in  impalpable  powder  unfit  for  common  mortar. 

With  regard  to  the  fact  that,  in  masonry,  mortars  and  concretes,  when  well  made,  are  progres- 
sively and  continually  becoming  harder,  while  cements  do  not  acquire  an  increasing  induration 
proportional  to  the  energy  of  their  original  hardening  or  setting ; — this  may  bo  explained  by  con- 
sidering that  cements  contain  very  little  free  lime  or  oxido  of  calcium,  being  almost  entirely 
composed  of  silicates  formed  by  torrification  at  a  high  degree  of  temperature.  Now,  as  pure  lime 
has  the  property  of  absorbing,  in  order  to  pass  into  the  state  of  carbonate,  a  quantity,  nearly  equal 
in  weight  to  its  own,  of  carbonic  acid,  it  is  plain  that  tho  more  perfect  a  cement  is — its  perfection 
consisting  in  having  but  a  trace  of  free  lime — the  less  it  will  have  the  power  of  absorbing  carbonic 
acid  gaa ;  whilst  on  the  other  hand  the  more  a  mortar  contains  of  free  lime,  the  more  powerful  and 
energetic  will  be  tho  absorption,  and  the  more  the  weight  will  be  increased — that  is  to  say,  a  cubic 
iiii-tro  of  mortar  containing  400  Ibs.  to  GOO  Ibs.  of  free  lime  can  absorb  nearly  400  Ibs.  to  600  Ibs.  of 
carbonic  acid,  while  a  cement  will  absorb  little  or  none. 

This  action  of  the  carbonic  acid  of  the  air  has  a  more  striking  effect  upon  agglomerated  mortars 
and  concretes  than  upon  ordinary  ones.  It  is  easily  understood  that  if  to  a  compressed  concrete 
like  Coignet's,  so  dense  that  a  cubic  metre  contains  15  hectolitres  of  ingredients,  with  the  particles 
BO  intimately  blended  by  trituration,  we  add  a  new  substance,  carbonic  acid,  of  equal  weight  with 
that  of  the  pure  lime,  the  increase  of  density  of  the  whole  mass  will  be  great.  Thus,  the  batons 
agglomerated,  composed  of  5  parts  of  lime  in  powder,  weighing  55  kilogrammes  the  hectolitre,  and 
£  part  or  -^  of  cement,  yield  in  a  few  days  an  artificial  stone  resisting  more  than  20  kilogrammes 
of  crushing  force  per  square  centimetre ;  while  substances,  composed  of  1  part  of  the  best  cement 
and  2  parts  of  sand,  cannot  withstand  10  kilogrammes  of  the  same  applied  force.  For  lime  mortars 
or  concretes  to  harden  into  the  state  of  artificial  stone  it  requires  much  time. 
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formed  when  limestone  is  calcined  in  presence  of  argil.  He  states  that  this  composition  is  a  double 
silicate  of  alumina  and  lime,  which,  in  hydrating,  causes  the  setting  of  hydraulic  cements.  MM. 
Kivot  and  Chatonay,  in  their  important  work  on  Cements,  state  that  the  calcination  of  an  argilla- 
ceous limestone  produces  aluminate  of  lime,  the  formula  for  which  is  APO3,  3  CaO,  and  also  a 
silicate  of  lime,  represented  by  SiO3,  CaO ;  these  two  salts,  in  contact  with  water,  produce  the  two 

APO3,  3  CaO,  6  HO,  SiO3,  3  CaO,  6  HO, 

which  become  the  cause  of  the  hardening  in  question. 

In  both  these  two  theories  the  hydraulicity  of  the  cements  is  ascribed  to  a  simple  action  of 
hydration,  like  the  setting  of  plaster  of  Paris ;  but  by  M.  Fremy  another  cause  is  assigned.  He 
made  extensive  experimental  researches  on  the  properties  and  mutual  action  of.  four  substances 
which,  according  to  Vicat,  Rivot,  and  Chatonay,  constitute  hydraulic  cements : — 1,  silicate  of  lime  ; 
2,  silicate  of  alumina  and  lime ;  3,  aluminate  of  lime  ;  4,  caustic  lime,  or  oxide  of  calcium.  The 
experiments  are  detailed  in  the  memoir,  which  concludes  with  the  following  statement : — That  the 
hardening  of  hydraulic  cements  is  not  due  to  the  hydration  of  the  silicate  of  lime,  or  that  of  the  double 
silicate  of  alumina  and  lime ;  these  salts  do  not  form  any  combination  with  the  water :  that  the  setting  of 
hydraulic  cement  is  the  result  of  two  different  chemical  actions, — 1,  the  hydration  of  the  aluminates 
of  lime ;  2,  the  reaction  of  the  hydrate  of  lime  upon  the  silicate  of  lime,  and  upon  the  silicate  of 
alumina  and  lime,  which  act  in  this  case  as  puzzolana.  The  calcination  of  an  argillaceous  limestone 
cannot  yield  a  good  cement  except  when  the  proportions  of  argil  and  lime  are  such  that  these  can 
be  formed.  In  the  first  place,  an  aluminate  of  lime  represented  by  one  of  these  formulae, — APO3, 
CaO :  APO3,  2  CaO ;  A12O3,  3  CaO :  in  the  second  place,  a  synple  or  multiple  silicate  of  lime, 
represented  approximately  by  one  of  these  formulae, — SiO3,  2  CaO ;  SiO3,  3  CaO ;  and  in  the  third 
place,  pure  lime  capable  of  acting  on  the  preceding  puzzolanic  silicates. 

In  the  course  of  the  memoir,  M.  Fremy  states  that  when  aluminates  of  lime  represented  by 
APO3,  CaO  ;  APO3,  2  CaO  ;  APO3,  3  CaO,  are  reduced  to  a  fine  powder,  and  slightly  wetted,  they 
solidify  almost  instantaneously,  and  produce  hydrates  which  acquire  in  water  a  considerable  degree 
of  hardness.  They  have,  moreover,  the  property  of  agglomerating  inert  substances,  such  as  quartz, 
sand,  and  so  on. 

M.  Fremy  mixed  aluminate  A12O3,  2  CaO,  with  50,  60,  and  even  80  per  cent,  of  sand,  and 
obtained  a  pulverulent  mass  which  in  water  acquired  the  hardness  and  solidity  of  the  best  stone. 
The  interest  attached  to  these  mixtures  of  aluminates  of  lime  and  siliceous  substances  is  the  more 
important  in  a  practical  point  of  view  when  we  consider  that  blocks  are  required  to  be  produced 
capable  of  resisting  atmospheric  influences  and  the  powerful  effects  of  sea-water.  M.  Fremy  con- 
siders that  the  solution  of  the  problem  of  constructions  resisting  the  ravages  of  the  sea  lies  probably 
in  the  employment  of  concretes  which  are  formed  nearly  wholly  of  siliceous  substances  united 
together  by  a  feeble  proportion  of  aluminate  of  lime.  On  this  point  M.  Fremy  cites  the  indications 
given  by  M.  Coignet  on  the  subject  of  agglomeration  of  cements,  saying  that  he  has  observed  their 
importance  himself. 

Portland  cements,  according  to  M.  Fremy,  have  no  good  quality  unless  they  are  produced  at  a 
very  high  temperature.  The  aluminates  of  lime  have  this  character,  also,  of  not  being  able  to  solidify 
under  water  unless  they  have  been  exposed  to  an  intense  heat ;  thus  they  seem  to  be  the  principal 
agents  in  hydraulic  cements  of  rapid  setting. 

Perhaps  the  inferiority  of  some  of  the  Portland  cements  of  commerce  may  be  traced  to  want  of 
sufficient  intensity  of  heat  in  burning.  M.  Fremy  made  the  aluminates  of  lime,  for  his  experiments, 


CHAFF-CUTTER. 


939 


xvith  a  blast  furnace.    See  ASPIIALTE.    CONCRETE  MACHINE.    FOUNDATIONS.    KILNS.    LIME  AXD 
MORTAR.    OVENS. 

Recapitulation.— Roman  Cement.— Punter's  Analysis.— Ono  part  of  common  clay  to  2*  parts  ot 
chalk,  set  very  quick. 

Concrete. — Eight  parts  of  pebble,  or  pieces  of  brick,  about  the  size  of  an  e-rg,  to  4  parts  of 
scrap  river-sand,  and  1  part  of  lime,  mixed  with  water  and  grouted  in,  makes  a  tr<««l  <-..nm>to. 

Lime  Mortar. — One  part  of  river-sand  to  2  parts  of  powdered  lime  mixed  with  fresh  • 

Hydraulic  Mortar.— One  part  of  pounded  brick  powder  to  2  parts  of  powdered  lime  mixed  with 
fresh  water.  This  mortar  must  be  laid  very  thick  between  the  bricks,  and  the  latter  well  soaked 
in  water  before  laid. 

Hydraulic  Concrete,  by  Treussart. — Thirty  parts  of  hydraulic  lime,  measured  in  bulk  before 
slaked ;  30  parts  of  sand,  20  parts  of  gravel,  and  40  parts  broken  stone— a  hard  lime-etoue.  This 
concrete  diminishes  about  one-fifth  in  volume  after  manipulation. 

Asphalte  Composition  for  Street  Pavement,  by  Colonel  Emy, — 2J  pints  (wine  measure)  of  pure 
mineral  pitch,  11  Ibs.  of  bitumen,  17  pints  of  powdered  stonedust,  wood-ashes,  or  minion. 

Cement  for  Stone  and  Brick  Work. — Two  parts  ashes,  3  of  clay,  and  1  of  baud,  when  mixed  with 
oil,  will  resist  the  weather  equal  to  marble. 

Brown  Mortar. — One  part  lime,  2  of  sand,  and  a  small  quantity  of  hair. 

Hydraulic  Mortar. — Three  parts  of  lime,  4  puzzolana,  1  auiithey  ashes,  2  of  sand,  and  4  parts  of 
rolled  stone  or  shingle. 

Cements  for  Cast  Iron. — Two  oz.  sal-ammoniac,  1  oz.  sulphur,  and  16  oz.  of  borings  or  filings  of 
cast  iron,  to  be  mixed  well  in  a  mortar,  and  kept  dry.  When  required  for  use,  take  1  part  of  this 
powder  to  20  parts  of  clear  iron  borings  or  filings,  mixed  thoroughly  in  a  mortar ;  make  the  mix- 
ture into  a  stiff  paste  with  a  little  water,  and  then  it  is  ready  for  use.  A  little  fine  grindstone 
sand  improves  the  cement. 

Or,  1  oz.  of  sal-ammoniac  to  1  cwt.  of  iron  borings.    No  heat  allowed  to  it. 

The  cubic  contents  of  the  joint  in  inches,  divided  by  five,  is  the  weight  of  dry  borings  in  pounds 
(avoirdupois)  required  to  make  cement  to  fill  the  joint  nearly. 

Works  on  Cements: — B.  Higgins,  'On  Calcareous  Cements  and  Quick  Limo,'  8vo,  1780.  Treus- 
sart,  'Me'moire  sur  les  Mortiers  Hydrauliques,'  4to,  Paris.  1829.  L.  J.  Vicat,  '  On  Calcareous 
Mortars  and  Cements,'  8vo,  1837.  Pasley,  'On  Limes,  Calcareous  Cements,  and  Mortars,'  8vo, 
1847.  W.  A.  Becker,  'Pratische  Anleitung  zur  anwendung  der  Cemente,'  folio,  Berlin,  1861-68. 
J.  G.  Austin,  '  On  Limes  and  Cements,'  post  8vo,  cloth,  1862.  Gillmore  (Q.  A.),  '  Practical  Trea- 
tise on  Limes,  Cements,  and  Mortars,'  Svo,  New  York,  18C4.  Burnell,  '  On  Limes.  Cements,  and 
Mortars,'  post  Svo,  1868.  H.  Reid,  'Practical  Treatise  on  the  Manufacture  of  Portland  Cemt-nt,' 
Svo,  1868.  Dr.  W.  Michaelis,  '  Die  Hydraulischen  MorteL'  Svo,  Leipzig,  1869.  B.  D.  Charlevillo, 
'  Traite'  sur  1'Art  de  faire  de  bons  Mortiers,'  Svo,  Paris. 

CENTRE-BIT.  FR.,  Meche  anglaise ;  GEB.,  Centrumbohrer ;  ITAL.,  Saetta  a  centre ;  SPAN.,  BerMqut. 

See  AUGERS.    HAND-TOOLS. 

CENTRE  OF  GRAVITY.  FE.,  Centre  de  grants';  GEB.,  Schuerpunct ;  ITAL.,  Centre  di  grant*. 
SPAN.,  Centra  de  gravedad. 

See  GRAVITY.  Centre  of  Oscillation,  see  OSCILLATION.  Centre  of  Percussion,  see  Puccasiox. 
Centre  of  Gyration,  see  ANGULAE  MOTION,  p.  103. 

CENTRIFUGAL  PUMP.  FR.,  Pompe  a  force  centrifuge;  GEB.,  Ccntrifugalpumpc ;  ITAU, 
Tromba  centrifuge ;  SPAN.,  Bomha  centrifuga. 

See  PUMPS. 

CHAFF-CUTTER.    FB.,  Coupe-paUIe,  JTachoir ;  GEB.,  Iluckselladc ;  ITAL.,  Tnnctapaglta ;  SPAH., 

Mdquina  para  cortar  paja,  $c. 

The  cutting  device  in  F.  B.  Hunt's  chaff  or  straw  cutter,  Figs.  18S9  and  1890,  deserves  r*rti- 
lar  attention.    The  machine  in  which  this  device  is  employed  consists  of  a  spirally-arranged 
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knife  secured  to  two  arms  upon  a  shaft  in  front 
of  a  feed-box,  so  that  as  the  shaft  is  rotated  the 
knife  works  closely  over  the  outer  edge  of  a 
metallic  bed-plate  attached  to  the  feed-box. 
The  upper  roller  is  so  arranged  as  to  adjust 
itself  to  the  varying  thickness  of  the  layer  of 
straw  or  other  substance  pressed  under  it,  the 
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oblique  or  drawing  cut.  The  fly-wheel  E'  is  so  attached  to  its  shaft  C  that  the  wheel  is  admitted 
to  !-lip  tin  the  shaft  in  case  the  motion  of  the  cutter  is  arrested  by  any  foreign  substance,  thus  the 
Knife  or  cutter  is  preserved.  The  bar  c  6  is  connected  directly  to  the  shaft  n,  shown  in  section,  Fig. 
' :  w  is  the  shaft  of  the  lower  feed-roller  G,  which  is  connected  to  the  shaft  p  of  the  upper  fa  <T- 
roller  H  by  an  arm  ».  The  bar  c  6,  Fig.  1889,  has  pinions  6  d  attached  to  it,  which  gear  with  the 
pinions  a'  e'  of  the  feed-roller  shafts  n,  p,  exhibited  in  section,  Fig.  1 890.  The  guide-board  or  guide- 
plate  M  is  attached  to  the  plate  t  of  the  frame  of  the  upper  feed-roller  H ;  u  extends  down  at  the 
back  of  H  to  a  level  with  p  the  shaft  of  II. 

CHAIN  PUMP.  ~F&.,Pompeachapelet;  GEE.,  Kettenpumpe ;  ITAL.,  .tfbna ;  SPAN.,  Bomba  de  cadcna. 

See  PCM  PS. 

CHECK-VALVE.    FB.,  Soupape  Parrel;  GEB.,  Absperrcentil. 

See  VALVES. 

CHEESE  PRESS.     FR.,  Machine  a  comprimer  le  fromagc ,  GER.,  Kdscpresse ;  ITAL.,  Tore/no  da 
formaggio ,-  SPAN.,  Prensa  dc  queso. 

Dick's  Anti-friction  Cheese  Press. — In  Fig.  1891  is  represented  the  method  of  applying  Dick's 
anti-friction  power  to  the  pressing  of  cheese.  By  the  use  of 
this  press  the  whey  is  entirely  removed,  and  half  the  labour 
usually  required  in  the  manufacture  of  cheese  is  saved,  it 
being  ready  for  market  or  transportation  as  it  comes  from 
the  press,  without  risk  or  loss  to  the  purchaser  and  the  con- 
sequent vexation  so  frequent  in  the  case  of  the  method  ori- 
ginally pursued.  The  pressing  may  be  carried  to  any  extent 
deemed  requisite  without  danger  to  the  press,  the  working 
l»ortions  of  the  press  being  made  of  iron,  and  capable  of  sus- 
taining the  force  that  may  be  applied. 

Attached  to  this  press  is  the  platform-scale ;  so  that  the 
cheese  can  be  accurately  weighed  before  it  is  removed  from 
the  press — a  matter  of  great  convenience  and  importance  to 
the  manufacturer  and  vendor  of  these  articles,  as  well  as  to 
the  purchaser,  who  can  depend  upon  the  weight  marked  upon 
it  as  strictly  accurate.  In  fact,  the  advantages  of  this  press, 
above  others,  must  be  at  first  view  apparent,  and  the  power 
such  that  it  will  come  into,  general  use. 

CHEESE  VAT.  FR.,  Eclisse  a  fromage ;  GER.,  Kdsenapf; 
ITAL.,  Tino  da  formaggio ;  SPAN.,  Qwsera. 

The  objects  to  be  attained  by  the  use  of  a  cheese  vat  are : 
a  separation  of  the  caseous  or  cheesy  particles  from  the  whey 
or  watery  particles  of  the  milk,  and  the  proper  comminution 
of  the  latter  preparatory  to  pressing.  P.  Colvin's  cheese  vat, 
Figs.  1892  to  1895,  is  intended  to  produce  these  results  effec- 
tually, rapidly,  and  economically. 

Fig.  1892  is  a  front  view  of  the  machine  in  perspective ; 
Fig.  1893,  an  end  view;  Fig.  1894,  a  stirring-frame;  and 
Fig.  1895,  a  cutting-frame;  both  these  last  operated  by  a 
crank.  The  vat  A  is  semi-cylindrical  and  double-walled, 
1892. 


lells.    Under  the  vat,  and  attached  thereto,  is  a 

heating  the  water,  the  smoke  from  which  escapes  by  the  pipes  C. 
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are  attached  for  drawing  off  the  whey  the  water  from  &i  "^   °?T"»  "l^ts  °r  cocks 

To  aid  in  this,  one  end  of  the  machine  water-space,  and  discharging  the  curd. 

is  set  on  eccentrics  E.     For  keeping  the 

curd   separate   during  the  operations  of 

scalding,  salting,  and  cooling,  a  stirrin"-- 

frame,  Fig.  1894,  turned  by  a  crank,  ?s 

used.      This    stirring-frame    consists    of 

curved  paddles,  and  does  the  work  usu- 
ally performed  by  hand  with  a  paddle  ;  it 

is  seen  placed  in  the  vat  in  Fig.  1892. 

The   cutting-frame,   Fig.   1895,    seen   in 

place  in  the  machine,  Fig.  1893,  cuts  the 

curds  into  small  blocks  by  the  longitudi- 
nal and  transverse  cutters  on  the  rotating 

frame.     This  not  only  cuts  the  curd,  but 

by  its  sweep  cleans  it  from  the  inner  sur- 
face of  the  vat.  Either  of  these  revolving 
frames  may  be  lifted  instantaneously  from 
the  vat,  as  the  shafts  bear  at  one  end  on  a 
fixed  pin,  and  at  the  other  rest  in  an  open 
box.  At  the  discharge  end  of  the  vat 
Fig.  1893,  is  a  semicircular  recess  sepa- 
rated from  the  vat  proper  by  a  strainer- 
plate  sliding  in  vertical  grooves  in  the 
inner  shell  of  the  vat,  and  can  be  with- 
drawn vertically  when  the  curd  is  to  bo 
discharged  into  the  hoop  of  the 
press. 

W.  Ralph's  cheese  vat,  Fig. 
1896,  has  a  false  bottom  D,  to 
constructed  that  the  water 
heated  by  the  furnace  E  does 
not  come  in  contact  with  the 
bottom  of  the  inner  vat  B  until 
the  water  has  been  in  contact 
with  the  ends  and  sides  of  the 
vat  and  imparted  a  portion  of 
its  heat  to  the  same.  Hollow 
pipes  F,  arranged  with  a  valve  n 
and  damper  P,  extend  from  the 
false  bottom  to  the  heated  water  below,  and  open  at  the  top  under  hollow  buiiiwrts  n  uixm  which 
the  vat  rests. 

CHEVAUX  DE  FEISE.    FB.,  Chevaux  de  frise;  GER.,  Spanischc  odcr  friesitche  Ecitcr;  ITAL, 
Cavalletto  di  frisa ;  SPAN.,  Caballo  de  frisa. 
See  FORTIFICATION. 

CHIMNEY.     FB.,  CheminJe ;  GER.,  Schornstein ;  ITAL.,  Camino ;  SPAN.,  Chimmea. 
The  appellation  Chimney  Stalk  is  usually  applied  to  a  lofty  chimney ;  such  btulks  are  erected  for 
steam-engines,  or  employed  to  create  a  draught  of  air  through  furnaces. 

1.  Heating  apparatus  vary  in  form  and  arrangement  with  the  nnturo  of  the  effect  to  bo 
produced,  but  in  general  they  all  consist  of  three  distinct  parts :  the  furnace  or  place  in  which  the 
heat  is  generated,  the  place  in  which  the  heat  is  utilized,  and  the  chimney. 

The  function  of  chimneys  is  twofold : — 

1st.  To  discharge  at  a  great  height  in  the  atmosphere,  the  hented  nir  often  charged  with 
smoke,  which  would  be  noisome  to  animal  life  if  ejected  at  a  small  nltitu<le. 

2nd.  To  cause  a  sufficient  flow  of  air  through  the  furnace  to  maintain  combustion. 

2.  Motion  of  Heated  Air  in  Vertical  Tubes. — When  a  mass  of  air  is  at  a  temjHTiituro  above  that 
of  the  surrounding  air,  it  has  a  tendency  to  rise  in  virtue  of  a  force  equal  to  the  rx<vx.«  > •• 
weight  of  the  air  displaced  over  its  own  weight.     This  ia  a  particular  case  of  the  principle  of 
Archimedes. 

The  same  thing  happens  when  the  heated  air  is  contnine*.  in  a  vertical  tul>o  A  B,  Fig.  1897, 
open  at  both  ends.  If  we  represent  by  P  the  pressure  of  the  i\tiiin.«|ph«  re  in  kilogrammes  at  the 
height  of  the  point  A,  upon  a  surface  equal  to  the  section  of  the  tul>e.  nml  l.y  />  and  /•',  tlio  wri-Jit 
of  two  columns  of  air  having  the  volume  of  the  tube  under  the  atmospheric  pressure,  one  »t 
temperature  of  the  external  air,  the  other  at  that  of  the  heated  air,  it  i*  evident  that  thn  pressure 
at  the  point  B,  exerted  in  an  upward  direction,  will  be  P  +  p,  ami  tlmt  the  pressure  at  the  same 
point,  exerted  in  the  contrary  direction,  will  be  P  +  p'.  Therefore  the  column  of  heated  air  »ill 
have  a  tendency  to  rise  in  virtue  of  the  pressure  p  -  p'.  It  follows  from  this,  that  if  the  pipe 
A  B  be  fixed  at  the  bottom  to  a  horizontal  pipe  BC,  heated  <  xternnlly.  Fig.  1898,  the  external 
air  will  enter  constantly  through  the  orifice  C,  and  will  escape  through  the  orifice  A.  This  flow 
of  air  takes  place  in  virtue  of  the  excess  of  the  atmospheric  pressure  at  the  point  C  over  the  in- 
ternal pressure  at  the  bottom  of  the  pipe  A  B. 

3.  To  determine  the  velocity  of  ingress  of  the  external  air  at  the  point  C,  supposing  the  section 
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1897. 


1898. 


of  the  tube  constant,  wo  must  remember  that  the  flow  of  a  liquid  or  of  a  gnu.  the  resistance 
depending  on  the  form  and  the  dimensions  of  the  tube  apart,  is  represented,  from  the  pon 
view  of  velocity,  by  the  formula  v  =  */  2  g  P,  in  which  P 
denotes  the  height  Of  a  column  of  fluid  subjected  to  the 
pressure,  and  which  would  hold  this  pressure  m  equih- 
brio,  however  it  might  be  produced.     In  the  case  m 
question,  P  is  evidently  the  height  of  a  column  of  ex- 
ternal  air,  and  its  value  is  readily  found. 

Denoting  the  height  of  the  chimney  from  the  centre 
of  the  section  C,  Fig.  1898,  by  H,  the  external  tempe- 
rature by  0,  that  of  the  air  inside  the  chimney  by  t,  and 
the  pressure  of  the  atmosphere  at  the  point  A,  in  air 
at  0°  by  M,  the  pressure  of  the  point  C,  from  the  out- 
'  side  inwards,  measured  by  a  column  of  air  at  6°,  will 
be  M  +  H,  and  the  pressure  in  the  contrary  direction, 
measured  in  the  same  way,  will  be 

M  +  H  (1  +  a  0)  -r-  (1  +  a  <). 

Consequently,  we  shall  have  as  the  excess  of  the  former 
pressure  over  the  latter, 


and  therefore, 


the 


l  +  at 

4.  It  may  be  useful  to  remark  that  the  pressure  at 
any  height  in  the  column  of  heated  air  is  equal  to  that 
at  the  point  C.     If  we  consider  a  horizontal  section  of 
the  chimney  at  a  height  H'  from  the  top,  the  upward 

pressure  which  it  will  support,  reckoned  in  air  at  0,  will  be  M  +  H  —  (H  —  H')  -    — ; 
'pressure  in  the  contrary  direction  will  be  M  +  H'  —    —  ;  and  subtracting  one  from  the  other 
we  find,  as  before,  Ha--     —  • 

1  -f-  Ct  C 

5.  For  the  rate  of  flow  of  the  hot  air,  as  the  velocities  are  in  inverse  proportion  to  the 
densities,  we  shall  have  

„'  -  „  1+at  .  whpncfl  e'  -  xV/2gHa(*-e)(1  +  a*)  riil 

V    —  T7  ,    WiloUCo    v    —     V      —  — .        — ,   .  I  JLJ\ 

l+a0  (1  +  a  0)2 

6.  The  formulae  [A]  and  [B]  may  be  put  into  a  more  convenient  form  for  practice,  by  substi- 
tuting for  the  term  V  2  g  a  its  value ;  we  shall  then  have 

.=  0-268  V'S^P;  and  v' = 


l+at 


1  +  ofl 


*  -  0)  (1  +  a  f). 


The  formula  [A]  is  alone  important,  for  the  useful  effect  of  chimneys  always  consists  in  their 
ability  to  create  a  draught. 

7.  We  have  supposed  that  the  density  of  the  air  depended  only  upon  its  temperature.    This  is 
not  strictly  true,  for  the  density  of  the  air  at  the  same  temperature  decreases  with  the  increase  of 
altitude ;  but  it  is  obvious  that  in  the  highest  chimneys,  the  variations  of  density  resulting  from 
variations  of  height  are  quite  imperceptible.      For  the  altitude  Om  •  76  of  the  barometer,  the  pres- 
sure of  the  atmosphere  is  represented  by  a  column  of  water  of  Om-76  x  13'  6  =  10™"  336,  and  by  a 
column  of  air  at  0°,  under  the  same  pressure,  equal  to  10m'336  -7-  0-0013  =  7950™.     Thus,  the 
density  of  the  air  at  a  height  of  20  metres,  for  example,  would  be  to  that  of  the  air  at  the  surface 
of  the  earth  in  the  ratio  of  7930  to  7950,  that  is,  in  that  of  1  to  1  •  0025,  a  variation  of  no  importance 
whatever. 

8.  We  have  supposed  the  vertical  tube  cylindrical  and  completely  open  at  the  ends ;  but  it  is 
evident  that  the  position  and  form  of  the  pipe  have  no  influence  on  the  force  produced  by  the 
ingress  of  external  air,  when  the  temperature  of  the  pipe  is  everywhere  equal  to  f,  H  representing 
the  difference  of  level  between  the  two  ends  of  the  column  of  heated  air.    If  the  air,  in  ascending 
the  pipe,  met  with  variations  of  temperature,  we  should  have  to  take  for  t  the  mean  temperature. 

9.  The  formula  [A]  gives  the  velocity  or  rate  of  ingress  of  the  external  air,  all  resistance  apart  ,- 
but  there  is  always  a  loss  of  force  attributable  to  friction  and  the  form  of  the  tube.    If  the  chimney, 
instead  of  being  cylindrical,  varied  in  section  and  direction,  the  weight  or  force  which  would  cause 
the  inward  flow  of  cold  air  would  be  still  the  same  ;  but  the  actual  rate  of  ingress  would  be  found 
by  taking  into  account  the  resistance,  by  means  of  the  general  formula  given.    We  will  return  to 
this  question  later. 

10.  To  determine  how  the  rate  of  ingress  V  of  the  external  air  varies  with  the  increase  of  £, 

according  to  the  formula  [A],  suppose  6  =  0;  this  formula  becomes  v  =  V2TH  V  — - — - .     The 

1  +  at 
first  factor  of  the  value  of  t;  represents  the  velocity  acquired  by  a  body  falling  from  the  height 
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H;  and,  as  the  second  factor  is  always  less  than  unity,  the  rate  of  ingress  is  never  more  than  a 
fraction  of  this  velocity.    Taking  successively  for  t  50°,  100°,  150°,  200°  250°  30<P  150° 
1000°  lf,00°,  2000^,  we  find  as  the  values  of  the  second  factor,  0'39,  0-51  6'57  fr-W  '(HHL  0-71 
0-74,  0-76,  0-80,  0-88,  0-91,  0-93.     These  numbers  divided  by  the  first   0  39   eive  the  ratio.! 
11-31,  1-51,  1-65,  1-76,  1-83,  1-90,  1-96  2;06,  2-25,  2-34,2-4    Thufthe  »to  E^L™  'So 
cold  air  increases  constantly  with  t,  but  this  increase  has  a  limit;  for  as  t  increases,  the  ratio 

,  which  is  equal  to  -  -  ,  constantly  approaches  unity,  and  consequently,  the  rate  of  ingress 


of  the  cold  air,  from  t  =  50°  to  t  =  oo  ,  varies  in  the  ratio  of  0  •  39  to  1,  or  in  that  of  1  to  2  •  5G 

It  follows  from  this  that  the  rate  of  ingress  of  the  cold  air  increasing  very  slowly  with  tilt- 
temperature,  the  useful  effect  of  the  chimney  costs  in  fuel  an  amount  proportionate  to  the  teuiiR-ra- 
ture  within  the  chimney. 

The  maximum  rate  of  ingress  of  the  outside  air  being  J2gH,  for  chimneys  of  5»  10-  20- 
30™,  40m,  it  is  equal  to  9m-9,  14m'0,  19""  8,  24™  -3,  28m'0,and  for  an  excess  of  temperature  of  30<r' 
the  rate  -would  be  only  0'71  of  the  maximum.  The  velocity  is  besides  considerably  reduced  by  the 
resistance  experienced  by  the  heated  air  when  in  motion,  as  we  shall  see  later. 

11.  We  have  supposed  that  the  air,  entering  the  vertical  pipe,  underwent,  while  being  heatoo. 
no  other  change  of  density  than  that  resulting  from  the  change  of  temperature.  But  usually  tho 
heat  is  caused  by  combustion,  the  nature  of  the  gas  is  changed,  and  it  is  necessary  to  see  what  the 
formulae  [A]  and  [B]  become  when  the  tabular  density  of  the  gas  is  equal  to  8,  instead  of  being 
equal  to  unity. 

In  this  case,  the  height  of  the  inner  column,  reduced  to  0°,  and  to  the  density  of  the  outer  air 

will  be  —  r~i"7~"^  an(*  tne  difference  of  the  two  columns,  or  the  force,  will  become 

~ 


H5(l+ae)_H[l  -5  +  a(t-SO)]         H  (1  -  8  +  a  t) 

l+at  l+at         ~'<OI> l+at 

by  rejecting  the  term  8  a  0. 

If,  for  example,  the  whole  of  the  oxygen  were  transformed  into  carbonic  acid,  the  density  of 
this  latter  gas  being  1-529,  and  that  of  ozote  0-976,  the  density  of  the  mixture  would  be 

0-21  x  1-529  +  0-79  X  0'976  =  1-091; 

if  only  half  the  oxygen  were  transformed  into  carbonic  acid,  which  is  the  ordinary  case,  the  density 
would  be  only  1  -04.  Neglecting  0  in  the  expression  of  the  force,  it  would  become  in  the  two  cases, 
H(a*  —  0-091)  ,  H(ai-0-04) 

— s *  and :  and  these  would  be  the  same  if  the  values  of  t  were  diiui- 

1  +  at  l  +  at 

nished  by  25°  in  the  first  case,  and  by  11°  in  the  second.  These  variations  are  of  small  import- 
ance, especially  when  t  is  considerable.  Besides,  as  the  gases  which  are  evolved  in  the  furnaces 
always  contain  a  certain  quantity  of  steam  obtained  from  the  water  held  by  the  combustibles,  and 
as  the  density  of  steam  is  equal  to  0*621,  its  pressure  diminishes  the  effect  of  the  carbonic  acid. 
Thus  we  may  admit,  as  an  approximation  amply  sufficient  in  practice,  that  the  effect  produced 
by  a  column  composed  of  air  and  gases,  resulting  from  combustion,  is  the  same  as  if  the  column 
were  of  pure  air. 

12.  Motion  of  Heated  Air  in  a  Pipe  consisting  of  several  Vertical  Tubes  successively  passed  through. — If 
the  heated  air  traverses  successively,  ascending  and  descending,  several  vertical  tubes  in  which  the 
temperature  is  not  the  same,  the  force  or  pressure  at  the  beginning  of  the 

pipe  will  depend  at  once  on  the  heights  of  the  tubes  and  the  temperatures 
of  the  heated  air.    We  will  endeavour  to  determine  it  in  a  general  manner.     I 

13.  Let  us,  in  the  first  place,  consider  a  chimney  A  B,  Fig.  1899,  extend- 
ing horizontally  in  the  direction  B  C,  and  descending  again  vertically  in  the 
direction  C  D,  so  as  to  form  a  syphon. 

If  we  represent  by  t  and  -t'  the  temperatures  of  the  air  in  the  portions 
A  B  and  C  D,  by  0  that  of  the  external  air,  by  p  and  p  the  pressures  of  the 
atmosphere  at  the  points  A  and  D  reckoned  in  air  at  0°,  under  the  nornml 
pressure,  and  bym  and  m'  the  heights  of  the  columns  of  air  at  0°,  equivalent 
to  the  columns  of  heated  air  AB  and  CD,  the  force  in  air  at  0°,  which 
will  produce  the  rush  of  cold  air  at  the  point  A,  will  evidently  bo  equal  to 
p  _  m  4.  m'  -  p' ;  and  as  the  pressure  of  the  external  air  at  the  point  D 
exceeds  that  at  the  point  A  by  a  column  of  external  air  equal  to  B'  —  H, 
we  shall  have  as  the  force  in  air  at  0°,  at  tho  point  A, 


Thus  the  force  is  equal  to  the  difference  of  the  corresponding  forces  at  tho 
two  branches  supposed  alone.  The  flow  will  evidently  take  place  in  the 
direction  AB,  as  we  had  supposed,  if  the  preceding  expression  be  positive^. 
Taking  the  external  air  at  0%  and  rejecting  the  terms  11  a3  tt  and  II  ftf, 
which  are  always  small,  seeing  that  a*  =  0-000134,  tho  value  of  the  force 

/Tf    i  IT'   At\ 

in  external  air  becomes          "  ,•  ,  an  expression  that  is  positive  when 

Ht  is  greater  than  II' t',  a  circumstance  which  may  always  bo  obtained,  whatever  H'nmy  be, 

by  diminishing  t'.    This  may  be  effected  by  cooling  the  air  in  the  tubes  B  C  and  C  D. 
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pases  evolved  in  the  furnace  mny  always  be  discharged  at  any  height,  even  beneath  the  level  of 

H.  If  there  wore  n  third  column  EF,  Fig.  1900,  denoting  its  height  by  H",  and  the  moan 
temperature  of  the  Mr  in  it  by  t",  by  m"  the  height  of  a  column  of  air  at  0°  producing  the  same 
pressure  and  retaining  the  preceding  notation,  the  force  at  the  point  A  would  be  p  —  m  +  m' 
_  m"  _'j/ .  but  wo  have  p'  +  H"  —  H'  +  II  =  j>,  and  therefore  the  force  at  the  point  A  in  air 


at  0°  will  be 


P- 


H  (1  +  a  0)      H'  (1  +  a 
l  +  a<  l+at' 

Ha(*-0) 
1  +at 


e.Sg^-j-ar-ir  +  H) 

H'a(«'-_0)       H"a(«"-0) 

At  ** 


+  at' 


1+at" 


The  flow  will  take  place  in  the  direction  A  F,  when  this  expression  is  positive.    Rejecting,  as 
before,  the  terms  containing  <i»,  aud  a  fortiori  a3,  and  supposing  0  =  0,  the  preceding  expression  is 

reduced  to  —  -  -  --  7-  —  —  -,  an  expression  which  will  be  positive  when  lit  +  H"  t"  is  greater 
1  +  a(t  +  t  +  t  ) 

It  would  be  easy  from  this  to  find  the  formula  for  any  number  of  tubes. 

15.  Let  us  now  suppose  the  pipe  to  have  the  form  of  a  syphon  reversed,  Fig.  1901  ;  retaining 
ion,  the  force  at  the  point  A,  in  air  at  0°,  will  be  p  +  m  -  m'  +  p'  ;  or 


the  aaine  notation 

II( 
P  T  —  ^ 


+at 


+  at' 


1900. 


,   H.  _  H  _   _ 
P  V  *»        •"• 


1901. 


H  a  (f  —  0) 
1  +  ai 


i 


+  af 
1902. 
D 


\ 


B 


As  in  the  preceding  case,  the  effect  produced  is  equal  to  the  difference  of  the  effects  which  the 
two  branches  would  produce  alone.     Kejecting  the  terms  containing  a2,  and  making  0  =  0,  the 

S-IT    A.    __     TT/  Jt\ 

value  of  the  force  is  reduced  to  —  -^—  —  —        ,   ,  a  value  which  will  be  positive  when  H'*'  is 

greater  than  H  t  •  this  condition  may  always  be  satisfied  by  increasing  H',  and  by  preventing  the 
cooling  of  the  air  in  the  horizontal  portion  B  C. 

16.  If  the  pipe  were  formed  of  three  tubes,  Fig.  1902,  the  force  at  the  point  A,  in  air  at  0°, 
would  evidently  be  p  +  m  —  m'  +  m"  —  p'  ;  or 


at 


._  H, 


Ha(f-  0) 


l  +  at 


-       _ 

l  +  at' 


H"a 


l  +  at" 


0   a 

or  on  the  hypothesis  0  =  0°,  -^  -  -  -  ;  -  „  —  - 

1  +  a  (t  +  t'  +  t") 

The  force  for  any  number  of  tubes  may  be  readily  calculated  in  the  same  way. 

In  general,  the  effect  produced  is  equal  to  the  sum  of  the  effects  produced  separately  by  the 
tubes  in  which  the  heated  air  rises,  diminished  by  the  sum  of  the  effects  produced  by  the  tubes  in 
which  the  heated  air  descends. 

17.  It  is  of  importance  to  remark  that  in  the  case  in  which  the  heated  gas  begins  by  descending, 
supposing  the  expression  of  the  force  to  be  positive,  motion  will  not  take  place  until  the  system  of 
syphons  has  been  put  into  action  by  heating  some  of  the  branches  in  which  the  air  ascends.  It  is 
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evident  that  this  precaution  will  not  be  needed  in  the  case  in  which  the  heated  air  ascends  in  the 
first  column. 

18.  Motion  of  Heated  Air  in  a  Pipe  consisting,  throughout  a  certain  length,  of  teteral  Vertical  1\Jx» 
traversed  simultaneously. — Let  us  consider,  in  the  first  place,  a  vertical  pipe,  Fig.  liHKi,  conhifiting, 
throughout  a  certain  length,  of  two  equal  and  parallel  Brandies.     If  both  contain  air  at  an  equal 
temperature,  everything  else  being  equal  in  the  two  branches,  the  ascending  heated  air  will  tra- 
verse them  with  the  same  velocity  ;  but  however  little  difference  there  may  be  in  the  iliumeton. 
the  resistance,  or  the  causes  of  cooling,  this  equality  of  velocity,  should  there  be  any  difference,  will 
not  exist ;  and  if  the  section  of  each  of  them  is  equal  to  the  section  of  the  end  tul«  .•<,  tin    im>ti< 'ii 
will  take  place  through  one  only,  that  one  which  offers  the  least  resistance.   This  phenomenon  will 
evidently  occur,  whatever  the  number  of  the  tubes  may  be. 

19.  If  the  pipe  were  only  enlarged  throughout  a  portion  of  its  length.  Fig.  1904,  the  current  of 
heated  air  could  not  necessarily  fill  the  enlarged  portion  of  the  pipe ;  if  it  filled  it  at  firbt.  tin-  cooling 
of  the  sides  would  soon  cause  a  decrease  of  temperature  from  the  centre  to  the  circumference ;  tin  TO 
would  occur,  in  the  elementary  veins  and  in  the  same  direction,  variations  of  velocity  which  would 
go  on  increasing,  so  that  the  vein  of  heated  air  would  soon  traverse  the  enlarged  space,  without 
much  increasing  in  section. 


1903. 


1904. 


1005. 
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20.  Suppose  now  that  the  heated  air  drawn  by  the  chimney  descends  a  pipe  consisting  of  two 
parallel  branches,  Fig.  1905.    In  this  case,  the  heated  air  will  separate  itself  equally  in  the  tw« 
branches,  and  the  equality  of  velocity  will  be  maintained  in  spite  of  the  mequi 
which  the  air  may  undergo.    Indeed,  in  each  branch,  the  force  which  produces  tho  m..ti 
to  the  difference  of  the  pressures  in  the  chimney  and  in  the  pii>o  under  congid* 
them  isolated;  and,  consequently,  if  in  one  of  the  branches  the  cooling  was 
other,  the  velocity  there  would  become  greater.    The  same  thing  would  occur  in  tb 
number^  para  e  ^^  ^.^  ^  ^^  ^  de8ccn(j8  were  enlBrgcd  Fig.  1900,  the  d*""1**'* 
veins  in  the  enlarged  portion  would  assume  and  retain  the  same  temperati 
in  the  preceding  case.  ,  _  ...  »_.  »u_ 

These  facts,  which  have  been  many  times  proved  by  experience,  are  of  gre 
construction  of  heating  apparatuses,  as  we  shall  see  Int.  r. 

22.  It  must  be  remarked  that  in  all  the 
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easy  to  foresee  and  to  calculate  in  a  general  manner  what  will  happen.  The  pooling  is,  however, 
Biiiull  in  general,  and  the  intliicnce  of  friction  will  in  almost  all  eases  exceed  it,  so  that  the  net  ml 
velocity  will  decrease  \\itli  the  diameter  of  the  pipes,  a  theoretical  result  that  is  in  perfect  accordance 
with  the  results  of  experience.  The  difference  of  the  velocities  will  evidently  decrease  with  the 
\vl.x-itiea  themselves. 

23.  Former  Theory  with  respect  to  the  Drawing  of  Chimneys.—  Hitherto  it  has  been  admitted  that 
the  force  in  air  at  fl°,  H  a  (t  —  0)  •+•  (1  +  a  t)  was  applied  directly  to  the  heated  air,  and  the  result 
..f  this  was,  that  the  force  in  air  at  t°  being  H  a  (t  —  6)  -5-  (1  +  a  6),  the  velocity  of  the  heated  air  was 


r  Wfta 

. 

+  aO 


formula)  which  differ  widely  from  tho  formulae  [A]  and  [B],  for  we  havo  evidently 


which  give  for  c',  and  t>,  velocities  less  than  »'  and  v.  Besides  this,  the  value  of  t>,  offers  a  circum- 
stance that  is  not  found  in  tho  value  of  v.    If  0  remaining  constant,  the  value  of  t  be  progressively 

increased,  t>,  increases  at  first,  reaches  a  maximum  for  t  =  -  +  2  0  =  274  +  20,  and  afterwards 

decreases  indefinitely. 

24.  But  the  force  in  air  at  0  acts  directly  upon  the  cold  air  which  is  entering  the  chimney  mid 
not  upon  the  heated  air,  and  it  is  the  velocity  of  the  cold  air  that  is  afterwards  transmitted  to 
the  heated  air.    Thus  the  formulas  which  we  have  just  given,  for  a  considerable  time  admitted 
by  all  who  have  studied  the  question  and  by  Pe'clet  in  the  second  edition  of  his  work,  do  not  re- 
present the  phenomena  as  they  actually  are.     This  discovery,  due  to  Pe'clet,  resulted  from  a  more 
careful  examination  of  the  facts  and  from  several  experiments  which  we  here  relate,  taken  from 
Peclet's  '  Traite  de  la  Chaleur.' 

25.  Taking  the  case  of  a  horizontal  pipe  through  which  air  coming  from  a  gasometer  flows, 
let  L  and  D  denote  the  length  and  the  diameter  of  the  pipe  ;  P  the  excess  of  pressure  in  the 
gasometer  over  the  pressure  of  the  atmosphere  ;  p  the  force  corresponding  to  the  velocity  of  flow  at 
the  end  of  the  pipe,  both  expressed  in  air  at  the  external  temperature  6°  ;  and  A  the  coefficient  of 
the  loss  of  force  at  the  orifice.    The  pipe  being  at  the  external  temperature,  we  shall  have 


. 

~D~ 

Suppose  now  the  pipe  heated  so  as  to  raise  its  temperature  to  f°  ;  admitting  that  the  flow  of 

heated  air  takes  place  by  the  force  in  heated  air,  this  force  will  be  P  —  —  -  —  -  ,  and  the  velocity 

1  +  a,  9 

of  flow  t,  of  the  cold  air  from  the  gasometer  will  be 


,    .    A    . 

'  ~~ 


nnd  as,  by  placing  the  whole  under  the  radical  sign,  the  first  factor  becomes  2  g  P  —     —  ,  we  see 

1  -p  o,  t 

that  the  ratio  of  V  to  c,  is  greater  than  the  square  root  of  =—  -  —  • 
In  the  new  theory,  we  have  as  the  velocity  »  of  the  cold  air, 


v= 


D 

and  the  ratio  of  V  to  v  decreases  but  slowly,  in  proportion  as  t  increases,  and  only  by  the  increase 
of  resistance  due  to  friction,  and  which  is  caused  by  the  elevation  of  the  temperature. 

26.  To  determine  the  influence  of  the  heating  of  the  air  in  the  pipe  A  B,  Peclet  had  recourse  to 
the  arrangement  shown  in  Fig.  1907.  A  B  is  a  copper  pipe  1  metre  in  length  and  Om  -01  in  diameter, 
communicating  with  a  gasome-  1901.  n  i 

ter  ;  throughout  a  portion  of  its       *  il 

length  it  was  enclosed  by  ano-      [ 
ther  concentric  tube  CD;   the      >  J^ 

space    between  the  two  tubes      \  e?          ff  —      -1 

was  closed  at  the  ends  by  cocks,      /  _  I  D 

and   steam  introduced  by  the  '  |? 

pipe  a,  and  let  out  by  the  pipe  b. 
When  the  pipe  A  B  was  not  heated,  a  certain  volume  of  air  flowed  through  in  612";  and  when  the 

Sipe  was  heated,  the  same  volume  of  air,  under  the  same  pressure  and  at  the  same  temperature, 
owed  through  in  618". 
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27.  To  obtain  a  higher  temperature  Peelet  adopted  the  arrangement  shown  in  Fi«.  1H 
is  a  glass  tube  of  0™  •  322  in  length  and  0™  -0017  in  diameter,  fixed  to  the  end  of  an  iron  tu 
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Om-90  in  length  and  Om'011  in  diameter;  beneath  the  iron  tube  was  placed  a  stove  DE  of  nearly 
the  same  length,  for  the  purpose  of  holding  burning  charcoal.  For  this  arrangement,  tho  equation* 
[a],  [6],  and  [c]  were  replaced  by  the  following: 


V  = 


2./P 


D 


2.7? 


in  which  V  represents  the  velocity  of  flow  in  the  small  tube  when  the  air  is  not  heated ;  t>,  and  «, 
the  velocities  of  the  cold  air  when  the  air  is  heated  in  the  large  tube,  for  the  old  and  new  theories ; 
/,  L,  rf,  D,  are  the  lengths  and  the  diameters  of  the  tubes  A  B  and  B  C ;  A  and  IJ  are  tho  coefficients 
of  the  variations  of  force  at  the  orifice,  and  at  the  point  in  which  the  tube  is  suddenly  enlarged. 

In  this  case,  as  in  the  preceding,  the  ratio  of  V  to  c,  is  greater  than  the  square  root  of  , 

1  +  af 
whilst  the  ratio  of  V  to  v  differs  but  little  from  unity. 

The  iron  tube  being  at  the  external  temperature,  a  certain  volume  of  air  flowed  through  in  620" .- 
and  when  it  was  heated  to  a  dark  red,  the  same  volume  of  air,  in  tho  same  cirouni.-t:mr.-.,.  tlowed 
through  in  650".  The  iron  tube  having  been  replaced  by  another  of  Om'013in  diameter  and  1"'16 
in  length,  the  same  volume  of  cold  air  flowed  through  in  615" ;  and  when  the  tube  was  heated  red 
hot,  the  time  of  the  flow,  in  the  same  circumstances,  rose  to  648".  Tho  external  temperature  was 
at  14°. 

These  experiments  do  not  enable  us  to  determine  exactly  to  which  of  the  two  formula)  [6]  and 
[c]  or  [&']  and  [c']  they  conform  most,  because  it  was  impossible  to  measure  the  temperature  of  tho 
air  on  issuing,  and  because  the  increase  of  temperature  took  place  successively,  which  prevented 
the  calculation  of  the  resistance  in  the  tube  A 15.  It  is,  however,  plainly  seen  that  the  equations 
[6]  and  [&']  are  incompatible  with  the  equations  [a]  and  [a'}. 

28.  In  the  first  experiment,  the  ratio  of  the  velocities  of  the  cold  air,  when  the  second  tube  is 

/»•!  Q 

cold  and  when  it  is  heated,  is  equal  to  — —  =  1  -0099 ;  and,  according  to  the  formula)  [a]  and  [6], 

supposing  the  air  at  100°,  this  ratio  should  be  greater  than  the  square  root  of  ^TQ^Q  i  which  is 

equal  to  1  •  1471.  Neglecting  tho  increase  of  resistance  in  the  tube  A  B,  which  increase  anjrmenta 
the  ratio  in  question,  we  should  have  to  admit  for  formula  [/>],  in  order  to  make  it  ajrrro  with  ex- 
perience, t  =  15° •  7 ;  but  this  is  impossible,  for  the  temperature  must  liavo  boon  near  100°.  In  tho 

second  experiment,  the  ratio  of  tho  velocities  in  question  was  equal  to  —  =  1-0183;  and,  accord- 
ing to  formula  [&1  supposing  only  tho  air  at  400°,  this  ratio  should  exceed  the  square  root  of 
— ,  which  is  equal  to  1  •  53.    Neglecting  tho  increase  of  resistance  in  the  tube  A  B,  to  make 

formula  [&']  agree  with  experience,  we  should  have  to  suppose  t  =  42° -4.    But  this  is  impossible, 

for  we  find  in  the  register  of  the  experiments  these  words :  The  air  totting ta  burnt*) '!  <*  t' 

in  it  rapidly  rises  to  150°.    And  it  could  not  have  been  otherwise,  for  tho  iron  tube  was  rod  hot    In 

•the  third  experiment,  the  ratio  of  the  velocities  was  |||  =  1  '0536 ;  and,  according  to  formula  (>1 

8*198 

supposing  only  the  air  at  600°,  this  ratio  should  exceed  the  square  root  of  f^^  •  wnich  "  ffiu*1 

to  1-743.    Neglecting  as  before  the  increase  of  resistance  in  the  tube  A  B,  to  niakel ff™^*  C* 
agree  with  experience,  we  should  have  to  suppose  t  =  45° -5.    This  again  is  impo.  H%fl 
air  issued  hotter  than  in  the  preceding  experiment.  r».-i..wi  ttw*. 

Tho  discrepancies  which  we  have  found  between  tho  results  of  the  formul.  [»]ud  [V] £nd 
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of  experience,  are  too  great  to  bo  Attributed  to  errors  of  observation.  For  example,  for  the  first 
experiment.  neglecting  tin-  n-M.-tanec  due  to  tho  increase  of  friction,  the  time  of  the  flow  should 
have  been  012  x  1'1471  =  900",  instead  of  618";  that  is,  greater  by  900  -  G18  =  282",  ami  this 
diflVrcnco  should  have  been  much  greater  for  the  others;  now,  each  experiment  was  repeated  twice 
with  the  same  result  each  time. 

•j;i.  It  follows  evidently  from  all  these  experiments  that  the  formulae  [6]  and  [6T  cannot  bo 
admitted  ;  that  is,  when  air  Hows  in  a  horizontal  tube  in  virtue  of  a  pressure,  and  the  air  at  a 
<vrt:iin  distance  is  heated,  the  velocity  of  the  cold  air  cannot  be  deduced  from  that  of  the  heated 
air  by  taking  as  the  force  of  this  flow  of  cold  air,  the  force  in  heated  air.  But  if  we  suppose  that 
the  external  force  is  applied  to  the  cold  air,  the  velocity  will  undergo  only  a  small  diminution 
resulting  from  the  ini-rea>ed  re.-i.-tance  of  the  heated  air,  and  this  agrees  with  the  experiments. 

That  which  we  have  just  affirmed  must  evidently  be  true,  whatever  the  nature  of  the  pressure 
exerted  on  the  cold  air  on  its  entrance  into  the  tube  may  be  ;  therefore,  if  it  is  vertical  and  heated 
externally,  the  pressure  resulting  from  the  two  columns  of  air  of  the  same  height,  one  at  tho 
external  temperature  0°,  and  the  other  at  the  mean  temperature  t,  is  tho  force  which  acts  directly 
on  the  cold  air  entering  the  chimney  ;  this  force  should  be  measured  in  air  at  6°,  and  it  is  this 
velocity  which  is  afterwards  transmitted  to  the  heated  air,  as  we  have  already  explained  (15). 

80.  Former  Experiments  on  the  Flow  of  Air  in  Chimneys.  —  Many  years  ago  Pe'clet  made  a  long 
scries  of  experiments  on  the  flow  of  air  in  chimneys.     He  employed  pipes  of  sheet  iron,  cast  iron, 
and  earthenware,  of  various  heights  and  sections.     The  apparatus  \vas  arranged  in  the  following 
manner:  the  stove  was  large  and  partly  covered  with  charcoal  for  the  purpose  of  rendering  tho 
resistance  of  the  fire-place  nearly  nul;  the  chimney  was  above  the  stove.     The  temperature  of 
tho  air  in  the  chimney  was  shown  by  two  thermometers  placed,  one  at  the  bottom,  the  other  at  the 
top.    As  anemometers  were  unknown  in  those  days,  Pe'clet  determined  the  velocity  of  the  air  by 
introducing  rapidly  through  the  opening  in  the  ash-pan  under  the  stove,  a  piece  of  burning  tow 
which  had  been  previously  dipped  in  turpentine  and  fixed  to  the  end  of  an  iron  rod.     With- 
drawing immediately  the  burning  tow,  a  small  quantity  of  smoke  was  produced  in  the  fire-place 
and  carried  upwards  by  the  heated  air.     By  observing  the  time  when  the  smoke  was  produced 
and  the  time  when  it  appeared  at  the  top  of  the  chimney,  the  velocity  of  the  current  of  air  in  the 
chimney  was  ascertained.    The  experiments  were  repeated  with  the  chimney  more  or  less  closed 
at  tho  top,  and  at  the  bottom  by  diaphragms  formed  of  a  sheet  of  iron  pierced  with  a  circular 
orifice.    The  method  of  observation  was  too  imperfect  to  give  exact  results,  yet  these  experiments 
enabled  the  experimenter  to  ascertain  some  important  facts  of  which  we  will  speak  later. 

81.  General  Considerations  on  Factory  Chimneys.  —  In  order  to  study  in  a  complete  manner  the 
phenomena  which  occur  in  chimneys,  it  is  necessary  to  have  a  clear  notion  of  the  general  arrange- 
ment of  heating  apparatuses.     As  we  have  said  already,  they  consist  of  the  furnace,  the  space 
in  which  the  heat  is  utilized,  and  the  chimney.    Furnaces  are  usually  formed  of  cast-iron  bars 
placed  in  a  horizontal  plane,  or  slightly  inclined,  separated  from  each  other  by  small  intervals, 
and  upon  which  the  fuel  is  placed.     Beneath  is  a  space  communicating  freely  with  the  air,  and 
known  by  the  name  of  the  "  ash-pit." 

The  space  comprised  between  the  furnace  and  the  chimney,  and  where  a  portion  of  the  heat 
produced  passes  into  the  body  which  it  is  wished  to  heat,  has  forms  and  dimensions  varying  with 
the  nature  of  the  effect  to  be  produced. 

Chimneys  are  always  vertical  tubes  or  channels,  constructed  of  brick  or  sheet  iron,  and 
designed  to  discharge  the  burned  air,  and  to  create  a  draught  through  the  furnace,  which  draught 
is  necessary  to  support  combustion. 

32.  The  inward  rush  of  external  air  caused  by  the  temperature  of  the  burned  air  and  by  tho 
height  of  the  chimney  is  called  the  draught.  The  draught  of  a  chimney,  as  we  have  calculated 
it,  is  always  diminished,  in  a  very  large  proportion,  by  the  resistance  of  the  bars,  and  so  on,  of 
the  furnace,  the  sudden  or  continuous  changes  of  section  and  direction,  and  by  friction. 

The  phenomena  which  occur  in  heating  apparatuses  are  very  complicated  and  very  varying, 
chiefly  with  the  condition  of  the  furnace  ;  but  we  may  determine  the  influence  of  the  various 
circumstances  which  modify  the  draught.  We  will  suppose,  in  the  first  place,  that  the  circuit  has 
everywhere  the  same  section,  from  the  opening  of  the  ash-pit  to  the  top  of  the  chimney.  This 
hypothesis  differs  but  little  from  ordinary  facts;  even  to  the  sum  of  the  free  orifices  of  tho 
furnace-bars  a  surface  is  given  differing  but  little  from  the  horizontal  section  of  the  chimney. 
Denoting,  then,  the  section  of  the  air-channel  which  conducts  the  air  under  the  furnace-bars  by 
S,  the  rate  of  ingress  of  the  cold  air  by  v,  Sv  will  represent  the  volume  of  cold  air  entering  per 
second.  Putting  G  for  the  resistance  of  the  furnace,  C  for  that  of  the  circuit  preceding  the 
chimney,  and  Hand  D  for  the  height  and  diameter  of  the  chimney,  the  friction  in  the  chimney 
will  beKL(l-f-af)2-5-D(l-fa  0)*,  and  would  be  exactly  the  same  if  the  section  of  the  chimney 
were  the  square  circumscribed  about  the  circle.  Applying  here  the  laws  relative  to  the  motion 
of  compressed  gases,  we  shall  have,  supposing  the  temperature  outside  equal  to  0° 

K  ft 
P  -  p  =  (G  +  C)  p  +  ^ji  (1  +  a  fy*p  ; 

whence 


=  \/ 


(1  +  a  0  [l  +  G  C  +  ^  (1  +  a 


33.  The  examination  of  this  formula  leads  to  several  consequences  of  great  importance  in 
practice. 

1.  When  the  values  of  G  and  C  are  very  great  relatively  to  the  friction  in  the  chimney,  which 
is  almost  always  the  case,  the  draught  is  proportional  to  the  square  root  of  the  height. 
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2.  If  we  supposed  G  and  C  nul,  which  would  happen  only  in  the  case  in  which  the  fumaoo  u 
placed  at  the  bottom  of  the  chimney,  the  grating  occupying  only  a  hiuall  j-ution  of  the  Motion. 
and  the  air  experiencing  no  resistance  on  entering  the  chimney,  the  draught  \vmild  Miry  very 
little  with  the  height  of  the  chimney;  it  would  be  nearly  independent  of  it  when  K  II  4-  l>  j'* 
very  great  relatively  to  1.    These  are  circumstances  which  occur  rarely  in  practice,  but  they  were 
present  in  the  experiments  to  which  we  have  alluded  (30).    The  height  of  the  chimney  had 
hardly  any  influence  upon  the  draught,  because  the  air  experienced  hardly  any 

3.  Suppose  again  that,  nothing  being  changed  in  the  dimensions  of  the  apparatus,  the  tem- 
perature t  varies.    If  G  and  G  be  supposed  constant,  the  friction  in  the  chimney  being  in  general 
very  small  relatively  to  G  +  C,  the  draught,  will  vary  nearly  proportionally  to  the  square  n.-t  of 

• ,  that  is,  in  the  same  ratio  as  the  theoretical  draught.    Thus,  in  the  supposition  which  we 

have  made,  the  ratio  of  the  actual  to  the  theoretical  draught  would  be  a  constant  number.  dejK-nding 
only  on  the  dimensions  of  the  apparatus.  But,  in  an  apparatus  in  o|>eruti<>n.  t  can  ri.M-  i.nly  by 
the  increase  of  the  velocity  of  the  current,  and  this  increase  can  take  place  only  by  the  diminution 
of  the  resistance,  which,  in  the  case  supposed,  can  result  only  from  the  condition  of  the  fur: 
from  the  raising  of  the  register  ;  the  draught  in  that  case  increases  in  a  greater  ratio  than  in  the 
supposition  of  G  and  C  constant,  only  there  is  at  the  same  time  a  certain  increase  in  the  value  of 
C,  resulting  from  the  increased  velocity.  In  like  manner,  the  value  of  t  could  decrease  only  by 
the  increase  of  resistance  in  the  grating,  or  by  the  lowering  of  the  register,  and  the  diminution  of 
draught  would  then  be  more  rapid  than  if  the  resistance  did  not  vary. 

34.  Let  us  now  see  what  would  happen  if  the  circuit  were  interrupted  by  a  diaphragm.  This 
is  a  circumstance  that  occurs  in  every  heating  apparatus,  for  all  are  provided  with  regi-' 
the  purpose  of  regulating  the  draught  or  of  stopping  it  altogether  during  the  interruptions  of 
work.  We  will  first  suppose  that  the  diaphragm  is  placed  in  that  portion  of  the  nir-channrl  which 
conducts  the  external  air  beneath  the  grating.  Denoting  the  orifice  in  the  diaphragm  by  d  ita 
diameter,  we  shall  have 


whence  v  = ' 


neglecting  the  loss  at  the  entrance  into  and  the  gain  at  the  issue  from  the  orifice,  which  are  both 
very  small  relatively  to  the  denominator  of  the  second  radical  in  the  value  of  t>. 

It  follows  from  this  formula  that  the  influence  of  the  diaphragm  becomes  smaller  a: 
resistance  of  the  circuit  becomes  greater.    In  large  steam  generators,  the  actual  rate  of  mgrt 
less  than  a  fifth  of  the  theoretical  rate.    Supposing  it  equal  to  this  fraction,  wo  shall  have  nearly 


D» 

If  we  suppose  that  the  ratio  of  the  sections  of  the  chimney  and  of  the  orifice  -^ 


0  •  75,  0  •  G4,  0  •  53,  0  •  45,  0 '  24,  0  •  12,  0  •  083,  0  •  OG2,  0  •  O./J.     1  lius,  as 

from  the  formula,  diaphragms  diminish  the  draught  in  a  proportion  much  Bn,»lhv 

of  the  sections;  a  diaphragm  which  reduces  the  section  to  a  ^"*™f*^* 

half.     This  small  influence  is  due  to  the  retardation  of  the  velocity  by  the  diaphragm*,  and,  co 

seimently,  the  diminution  of  resistance  in  the  rest  of  the  circuit.  nwtion 

35.  The  diaphragm  reducing  the  rate  of  flow  in  a  proportion  less  tt 
to  that  of  the  chimney,  it  follows  that  the  velocity  of  the  air  in  the  onfloe  of  the  d.^hn 
increase  in  proportion  as  its  surface  decreases.    In  the  general  case,  the  velo. 
diaphragm  is : 

r>»    .  /  1 


aud  in  the  particular  case  which  we  have  examined,  we  have 

/          ^ 

V         T* 


Taking  as  the  ratio  of  the  sections  £  the  same  number,  a.  before,  we  find  a.  the 
second  radical,  0-378,  0-632,  0-77,  0-85,  0-90,  0-07,  0-992,  0-996,  0-998, 0 ••»    ^  -  t 
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of  this  radical  without  the  diaphragm  is  0'20,  the  velocities  in  the  diaphragm  with  respect  to  tho 
velocity  in  the  circuit  are,  1-89,  3' 1(5,  3'87,  4-26,  4'49,  4'85,  4-96,  4-98,  4'99,  4-99. 

Thus  this  ratio  approaches  5  as  tho  diameter  decreases,  because  the 'actual  velocity  without  the 

diaphragm  is  0'2  =  •=  of  the  velocity  due  to  the  force,  and,  the  diaphragm  retarding  the  velocity 

5 
in  the  chimney,  diminishes  the  friction.    It  is  evident  that  if  the  velocity  of  the  current  of  air  were 

a  fraction  —  of  the  velocity  V  due  to  the  force,  tho  ratio  in  question  would  continually  approach 

in 
m  as  the  diameter  of  tho  diaphragm  diminished. 

:;>;.  If  there  were  in  that  portion  of  the  air-channel  which  conducts  tho  air  to  the  ash-pit  several 
diaphragms  at  a  sulficicut  distance  apart  to  allow  the  vein  of  air,  after  having  traversed  cadi  of 
them,  to  fill  the  space  in  which  they  are  placed  before  meeting  with  the  next,  tho  velocity  would 
become  . 


and  if  —5  were  very  great  relatively  to  the  terms  which  precede,  for  the  same  value  of  — 2  the  value 

of  v  would  vary  in  an  inverse  proportion  to  the  square  root  of  m. 

37.  We  have  supposed  that  the  diaphragms  were  placed  in  the  current  of  cold  air  before  it 
reached  the  grating  of  tho  furnace ;  let  us  now  suppose  them  placed  in  that  portion  of  the  circuit 
traversed  by  tho  hunted  air.  As  the  velocities  are  inversely  as  the  densities,  we  shall  have  in  general 

K  H  /  D1* 

P-p  =  (G  +  C)p  +  --  (1  + 


whence  v  = 


Thus  diaphragms  placed  in  the  current  of  heated  air  reduce  the  draught  more  than  when  they 
are  placed  before  the  ash-pit,  because  the  velocity  of  the  heated  air  is  greater  than  that  of  the 
cold  air. 

38.  Experiments  made  by  M.  Combes  confirm  the  consequences  which  we  have  drawn  from  the 
general  formula.  It  was  found  that  by  closing  the  orifice  for  the  ingress  of  the  air  into  the  ash-pit 
of  a  generator,  by  means  of  a  sheet  of  iron  pierced  with  holes,  the  velocity  of  the  air  traversing  the 
aperture,  measured  by  an  anemometer,  continued  to  increase  with  the  decrease  of  the  size  of  the 
holes.  The  following  are  the  details  of  this  experiment. 

The  chimney  was  20  metres  in  height;  its  section  at  the  bottom  being  0-383  square  metre,  and 
at  the  top  0-  196  square  metre.  The  surface  of  the  furnace-grating  was  0-0525,  and  the  sum  of  the 
spaces  between  the  bars  O'lGS  square  metre.  The  mouth  of  the  ash-pit  was  covered  with  a  sheet 
of  iron  pierced  with  six  square  holes  of  Om-167,  and  having  a  surface  of  0'028  square  metre  each, 
and  altogether  a  surface  equal  to  the  whole  open  surface  between  the  bars. 


two  of  the  holes  closed,  under  the  same  circumstances,  the  velocities  were  1  •  607, 1  •  99, 1  •  89,  2  •  05  ; 
mean,  lm<88. 

When  four  of  the  holes  were  closed,  the  velocities  under  the  same  circumstances  were  3  •  51 
4-05,  2-68,  3-46;  mean  3«"42. 

In  these  three  series  of  experiments,  the  surfaces  for  the  ingress  of  the  air  were  O'lGS  x  0-G5  = 
0-1092;  0-0728  and  0-0364  square  metre  ;  and  the  mean  velocities  1-17,  1*88,  and  3m-42.  Thus 
the  velocities  increase  rapidly  with  the  decrease  of  the  sections  of  the  orifices ;  for  orifices  in  the 
proportion  of  3,  2,  and  1,  the  velocities  increased  1-26,  1'65,  8. 

39.  Lateral  Pressure  in  Chimneys. — Suppose  a  chimney  placed  beyond  a  furnace  of  any  form,  and 
an  opening  made  in  it  at  a  certain  height ;   it  is  evident  that  the  external  air  will  enter  with  a 
velocity  greater  in  proportion  to  the  nearness  «f  the  aperture  to  the  ground.    At  the  top,  this  velo- 
city is  nul.     This  rush  of  external  air  would  occur  if  the  aperture  were  in  any  part  of  the  heatin<* 
apparatus.    Therefore  care  should  always  be  taken  in  building  to  avoid  an  ingress  of  external  air 
through  fissures  in  the  masonry,  because  they  always  occasion  a  loss  of  draught  and  often  diminish 
the  useful  effect  of  the  fuel. 

40.  It  follows  necessarily  from  what  we  have  said,  that  inside  the  furnace  and  chimney  there  is 
a  negative  pressure,  that  is,  8maller  than  that  of  the  atmosphere,  and  that  this  negative  pressure 
continues  to  increase  from  the  ash-pit  to  the  bottom  of  the  chimney,  and  decreases  in  like  manner 
to  the  top  of  the  chimney  where  it  is  nul. 

fects  pr^luced  by  the  Meeting  of  Currents.-r-'Wlien  several  pipes  enter  the  same  channel 


.1  If-  y  *"V    VJ   "" »"c"t8.  —r  "  ii eii  Bcverai    jjiputi   BI1M3T    lilt;   Muue   uimiuici 

t  air  project  themselves  beyond  the  orifices,  and  in  certain  circumstances  they  may 

mutual  action,  modify  the  velocities  of  the  air  in  the  pipes.    If,  for  example,  two  pipes 

rd  exactly  opposite  each  other,  the  third  pipe  being  perpendicular,  the  influence  of  the 

s  would  be  nul  if  they  had  the  same  velocity ;  for  the  effect  would  be  the  same  as  if  the 

flowed  against  a  fixed  plane  placed  between  them.     But  if  the  velocities  were  unequal, 

t  having  the  greater  velocity  would  diminish  that  of  the  other,  and  close  more  or  less, 

3e  through  which  it  flowed.    A  vast  number  of  phenomena  leave  no  doubt  on  this  fact ; 
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besides,  these  currents  must  net  upon  each  other  in  nearly  the  same  manner  as  currents  of  water 
and  it  is  known,  from  the  experiments  of  Savart,  that  when  two  currents  ,,f  the  same  retimi  art 
in  contrary  directions  and  one  of  them  has  a  very  small  excess  of  velocity  over  the  other  the  li.tti-r 
is  driven  back  to  the  mouth  of  the  vase,  and  the  flow  ceases  completely  The  effect*  r,-elt 
from  this  collision  may  be  prevented  by  placing  in  the  pijHj  a  diaphragm  P,  as  »h<iwn  in'  Fie  1909 
42.  Phenomena  of  the  same  kind  would  occur  if  the  two  pipes  were  at  right  angle*  to  e*ch 
other,  Fig.  1910.  with  the  additional  complication  caused  by  the  effect  of  the  lateral  impure. 
But  these  effects  may  be  wholly  avoided  by  means  of  the  diaphrafnu  P. 


1910. 


1911. 


A  C 


If  the  pipe  were  enlarged,  as  in  Fig.  1911,  the  narrowing  of  the  pipe  in  front  of  mouth  of  the 
lateral  pipe  would  have  the  effect  of  a  diaphragm;  the  influence  of  the  collision  of  the  <-urr<  nts 
might  be  neglected,  but  that  of  the  diminution  of  pressure,  due  to  the  enlargement  of  the  pij-o, 
might  be  very  great. 

43.  In  the  case  of  a  current  of  heated  air  flowing  horizontally  into  a  vertical  chimney,  it  may 
happen  that  the  draught  is  completely  stopped,  though  the  section  of  the  chimney  is  Iftrgvr  ihnn  that 
of  the  current  of  heated  air,  when  the  velocity  of  tire  latter  ia  very  great,  because  in  that  case  it  will 
close  the  chimney  like  a  plug.     This  is  a  fact  which  Peclet  has  had  occasion  to  remark  several 
times,  and  especially  in  the  case  of  a  chimney  which  he  had  built  in  a  soda  manufactory,  and 
which  formed  a  portion  of  a  condensing  apparatus.     This  chimney  was  13m-30  in  height,  aiid  Imd 
a  section  of  about  0'75  square  metre;  the  smoke-channel  entered  it  horizontally,  Fig.  1912.   When 
the  fire   in  the  furnace  1312. 

was  kindled,  the  draught 
existed :  it  increased  for 
some  time,  and  then 
gradually  decreased,  till 
finally  it  ceased.  Pe'clet 
soon  discovered  the  cause 
of  this  singular  phenome- 
non, and  removed  it  by 
a  vertical  partition  A 
placed  in  the  chimney  so 
that  the  heated  air  did 
not  come  in  contact  with 
the  gases  of  the  chimney 
until  it  had  taken  the 
same  upward  direction. 

Thus,  it  is  necessary 
to  take  the  greatest  care, 
in  all  draught  chimneys 
which  receive  currents 
of  air  perpendicularly  or 
variously  inclined,  to  di- 
rect them  according  to 
tlie  axis  of  the  chimney 
before  they  come  in  con-  .  M  ~^~ 
tuct. 

44.  /.oss  of  Heat  occa-  3 
sioncd  by  Chimneys. — The  5 
quantity  of  heat  lost  by 

chimneys  is  very  considerable,  because  the  l.iimc.1  air  is  d  •••*!*•  at  yc  r; 

turns,  always  higher  than  that  of  the  heated  l.'«ly      This  quantity  vanes  will: 

of  Ihe  air  which  escapes,  with  the  volume  ,.f  ,,-M  air  <-i,t.-rmg  the  furn.ce,  .ml  with  tli 
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of  water  contained  by  the  fuel,  or  produced  by  its  combustion,  for  the  gases  are  almost  always 
evolved  at  too  high  a  tciui>eraturc  to  allow  the  condensation  of  the  steam.  This  loss  may  be  com- 
puted approximatively,  however,  by  comparing  the  temperature  of  the  burned  air  in  the  chimney 
with  that  which  it  would  have  if  all  the  hent  produced  were  employed  to  heat  it.  In  this  calcula- 
tion it  may  be  assumed  that  the  burned  gases  possess  the  calorific  capacity  of  air. 

For  example,  in  steam  generators  the  burned  air  is  discharged  at  about  300°,  and  on  an 
average  18  cubic  metres  of  air  is  employed  per  kilogramme  of  coal,  or  18  x  1'3  =  23k--i ;  taking 
0  •  _  I  us  the  calorific  capacity  of  the  gases  produced,  the  temperature  to  which  the  gases  would  be 
raised  by  the  8000  calories  or  units  of  heat,  resulting  from  combustion,  would  be  equal  to  8000 
-^-  cJ:{-4  x  0-24)  =  1425°;  consequently,  the  loss  is  equal  to  300  -j-  1425  =  0'21.  This  losa 
would  evidently  be  doubled  or  trebled  if  twice  or  three  times  the  quantity  of  air  were  employed, 
and  it  would  be  reduced  to  O'l  if  only  that  volume  of  air  were  employed  which  is  rigorously 
necessary  to  combustion.  Under  ordinary  circumstances,  the  loss  must  bo  reckoned  at  not  less 
than  0'2*5,  on  account  of  the  steam  produced. 

In  furnaces  for  melting  metals  and  for  the  production  of  coal-gas,  the  burned  air  is  allowed  to 
escape  at  a  much  higher  temperature,  on  account  of  the  high  temperature  of  the  substances  heated, 
and  the  loss  of  heat  is  much  greater.  The  loss  often  amounts  to  0'80  or  O'OO,  even  when  the 
volume  of  air  which  escapes  combustion  is  very  small ;  but  the  heat  thus  lost  may,  in  general,  be 
utilized,  at  least  in  a  great  measure.  The  utilization  of  this  lost  heat  is  a  question  of  the  highest 
imi»rtance  in  factories,  for  the  cost  of  fuel  is  nearly  always  a  considerable  item  in  the  cost  of  the 
productions.  We  will  return  to  this  subject  later. 

45.  Arrangements  for  utilizing  the  whole  of  the  Heat  produced  by  a  Furnace. — In  the  apparatus 
generally  employed,  the  chimney  is  placed  beyond  the  furnace,  which  causes,  as  we  have  seen,  a 
loss  of  heat  that  may  be  avoided  by  certain  arrangements. 

Let  us  suppose  that  above  or  beyond  a  furnace,  well  enclosed,  there  is  a  chimney  of  3  or  4 
metres  in  height,  of  considerable  thickness,  and  constructed  of  badly-conducting  material.  The 
burned  air  in  this  chimney  will  have  a  very  high  temperature,  and  will  acquire  an  ascending 
velocity  much  greater  than  that  necessary  to  support  combustion.  Suppose,  again,  that  above  this 
chimney,  in  its  continuation  or  at  the  side  of  it,  is  the  boiler  or  body  to  be  heated:  the  course  of 
the  smoke  may  be  lengthened,  so  as  to  cool  it  completely  or  almost  completely ;  and  on  leaving 
the  heating  surfaces  it  may  be  allowed  to  escape  immediately  into  the  air,  or  conducted  to  a 
chimney,  the  use  of  which  is  merely  to  discharge  it  at  a  convenient  height  in  the  atmosphere. 

A  similar  arrangement  is  adopted  in  certain  kinds  of  glass-works ;  the  height  of  the  draught 
chimney  is  equal  to  the  distance  from  the  furnace-grating  to  the  roof  of  the  furnace,  and  the 
burned  air  may  give  up  all  its  heat  in  the  arch  if  the  latter  is  of  sufficient  length. 

46.  At  first  sight,  this  method  seems  applicable  only  when  the  bodies  to  be  heated  are  to  be 
raised  to  a  temperature  exceeding  but  little  the  ordinary  temperature,  since  the  burned  air  cannot 
be  ejected  at  a  temperature  lower  than  that  of  these  bodies.     But  by  moving  the  bodies  to  be 
heated  in  a  direction  contrary  to  the  motion  of  the  heated  air,  it  is  evident  that,  in  almost  all  cases, 
nearly  the  whole  of  the  heat  of  this  air  may  be  utilized,  and  the  temperature  reduced  to  that  of  the 
atmosphere. 

47.  This  method,  which  consists  hi  placing  the  chimney  in  front  of  the  heating  surface,  has  a 
disadvantage  which  we  ought  to  point  out.     The  heating  surface  must  be  larger  than  in  the  ordi- 
nary arrangement,  because  it  is  not  heated  directly  by  the  radiation  of  the  fuel ;  notwithstanding 
this  disadvantage,  however,  there  are  many  cases,  as  we  shall  see  later,  in  which  this  method  may 
be  adopted  with  profit. 

48.  The  apparatus  may  be  arranged  so  as  to  produce  the  draught  through  the  heating  surface. 
The  arrangement  consists  in  placing  the  body  to  be  heated  in  the  chimney.    If  the  channels  of 
circulation  are  narrow,  and  the  heating  surface  large,  the  burned  air  will  reach  the  top  of  the 
chimney  at  a  temperature  but  little  above  that  of  the  heated  body,  although  the  draught  be  very 
strong,  because  the  ascending  velocity  will  depend  on  the  mean  temperature  of  the  burned  air  in 
the  channels  of  circulation,  and  the  temperature  at  the  bottom  will  be  that  of  the  furnace.     This 
arrangement  is  seen  in  lime-kilns. 

49.  Dimensions  of  Factory  Chimneys. — The  work  of  a  chimney  consists,  as  we  have  said,  in  draw- 
ing into  the  furnace  the  volume  of  air  necessary  to  combustion.    The  weight  of  fuel  to  be  burned 
an  hour  is  always  given ;  the  height  of  the  chimney  is,  in  general,  determined  by  particular  con- 
ditions, but  the  section  depends  on  the  volume  of  air  employed  in  consuming  each  kilogramme  of 
fuel,  on  the  mean  temperature  which  the  air  will  have  in  the  chimney,  on  the  loss  of  force  occasioned 
by  friction,  on  the  changes  of  section  and  direction,  and  on  the  resistance  of  the  furnace-grating. 
The  phenomena  occurring  in  the  draught  of  a  heating  apparatus  are  so  complicated,  that  we  cannot 
hope,  by  means  of  simple  theoretical  considerations,  to  calculate  exactly  and  for  every  case  the 
section  which  should  be  given  to  a  chimney  to  produce  a  given  effect.     These  calculations  would 
be  rendered  more  inexact  by  the  facts  that  we  do  not  know  beforehand  the  temperature  of  the  air 
in  the  chimney,  the  mean  temperature  of  the  air  which  circulates  around  the  body  to  be  heated, 
nor  the  resistance  of  the  grating,  and  that  these  three  elements,  which  it  would  be  necessary  to 
know  before  calculating  anything,  vary  with  the  condition  of  the  fuel  in  the  furnace,  and  with  its 
thickness  upon  the  grating.     Thus,  in  every  case,  we  must  consider  the  results  of  experience  to 
ascertain  what  section  should  be  given  to  a  chimney ;  but  it  is  important  to  remark  that  there  will 
always  be  an  advantage  in  giving  to  chimneys  an  excess  of  section,  because  this  produces  an  excess 
of  draught  which  may  be  necessary  in  certain  cases,  and  which  may  always  be  regulated  by  means 
of  a  register. 

50.  For  fixed  steam  generators,  arranged  in  the  usual  way,  Peclet  discovered,  by  bringing 
together  a  large  amount  of  information,  and  by  some  experiments,  that  for  chimneys  having  10,  20, 
and  30  metres,  containing  air  at  300°,  witn  gVatings,  the  open  spaces  of  which  are  equal  to  the 
section  of  the  chimney,  and  upon  which  is  burned  1  kilogramme  of  coal  an  hour  per  square  deci- 
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metre,  circumstances  of  ordinary  occurrence,  the  rate  of  ingress  of  the  cold  air  u  about  0-18* 

0-17  v,  O-K  r,  v  being  the  theoretical  rate. 

F.°r  thef  S-tS  *°u  10i  -2°'  andu30  mttres'  which  we  hnve  «»PP«ri,  »nd  for  a  mean  tem- 
perature of  300  ^  in  the  chimney,  the  rates  of  ingress  of  the  cold  air,  deduced  from  the  formula 

V=        T+oT'  are  10  13>  14'33'  17'55  mttre8»  ^^  consequently,  the  actual  rates  an 
0-18  x  10-13  =  1-82,  0-17  X  14-33  =  2'44,  0-16  x  17'55  =  2-80.    The  volume*  of  air  drawn  an 

hour  per  square  decimetre  of  section  being  v  x  O'Ol  x  3600,  will  be  for  tin-  thr. .  1, 
87-84,  100-8  cubic  metres;  and  assuming  that  only  the  half  of  the  air  istninnf..rmed  into  carUmio 
acid,  and,  consequently,  that  the  volume  of  air  required  to  burn  1  kilogramme  of  coal  in  equal  to 
18  cubic  metres,  the  weight  of  coal  an  hour  per  square  decimetre  of  section  will  be  represented  by 
the  preceding  numbers  divided  by  18,  that  is  equal  to  3-42,  4*71,  5-50  kilogrammes.  Those 
numbers  differ  but  little  from  those  adopted  by  the  most  experienced  en^inei-M ;  by  employing 
them  we  may  be  sure  of  having  a  considerable  excess  of  draught,  but  no  disadvantage  can  rw>ult 
from  this,  as  we  have  shown  above. 

The  proportion  of  the  section  of  the  chimney  to  the  consumption  of  fuel  necessarily  hupposes 
that  the  resistance  remains  constant,  an  hypothesis  that  may  be  admitted ;  for  the  resistance  caiued 
by  the  grating  and  by  changes  in  the  direction  of  the  current,  undergoes  but  little  variation,  and 
that  occasioned  by  friction  has,  in  general,  but  little  influence  on  the  total  resistance. 

51.  According  to  the  foregoing,  denoting  the  sum  of  the  resistances  experienced  by  tho  air  in 
its  course  by  E,  we  have  in  the  three  cases  considered, 

«  =  0-18V  =  VA/— ^;  e  =  0-17V  =  VV/-^5;  v  =  0'1GV  =  V\/-i_  ; 
1+14  1  +  K  1  -r-  li 

and  the  values  of  R  are  29-98,  33-49,  38-29.    These  numbers  represent  the  sum  of  the  resistances 
due  to  friction,  to  changes  of  direction,  and  to  the  grating. 

Comparing  the  dimensions  of  a  large  number  of  generators,  we  find  that,  for  the  three  heights 

of  chimney  given  above,  the  values  of  -=r-  are  equal  to  1-5,  2-37,  3-57:  as  there  are  usually 

eight  changes  of  direction  at  right  angles,  assuming  that  these  changes  take  place  in  a  continuous 
manner,  the  corresponding  losses  would  be  represented  by  4;  and  considering  the  vd.-city  in  the 
chimney  as  double  that  of  ingress,  which  is  not  far  from  the  truth,  the  sum  of  the.-r  two  ki: 
resistances  would  be  5'5  X  4,  6 '37  X  4,  7 '57  x  4,  or  22-0,  25-48,  30-28;  the  resistance  of  the 
furnace  would  then  be  represented  by  8.  But  these  calculations  must  be  considered  as  only 
rough  approximations,  sufficient  to  give  an  idea  of  the  value  of  the  different  kinds  of  resistance 
which  take  place. 

52.  Sections  of  the  Chimneys  of  Generators  for  different  kinds  of  Fuel. — Let  us  consider  two  gene- 
rators having  the  same  form  and  dimensions,  the  furnaces  of  which  arc  supplied  \\ith  different 
kinds  of  fuel,  containing  only  carbon  and  fixed  matter.  It  is  evident  that,  if  for  each  of  them  the 
same  portion  of  air  escaped  combustion,  the  phenomena  would  be  the  same;  the  only  difference 
would  be  that  resulting  from  the  unequal  quantities  of  radiated  heat,  and  from  tin-  uncijiml  rraUt- 
ance  of  the  furnace;  but  these  differences  would  be  of  small  ini]>ortauce,  and  could  ocrm-ion  l.ut 
little  in  the  weight  of  carbon  burnt  a  square  decimetre  of  chimney.  Uut  if  one  of  the  kinds 
contain  water  or  produce  it,  the  sections  of  the  chimneys,  for  the  same  weight  of  fuel,  will  no 
longer  be  the  same.  In  this  case,  we  may  admit,  as  an  approximation  sufficient  for  practice,  that 
the  sections  of  the  chimneys  are  proj>ortional  to  the  volumes  of  the  gases  to  whiHi  tiny  nre  to 


corre  t       __o  _  „ 

of  the*  gases°which  are  evolved  by  the  combustion  of  a  kilogramme  of  the  two  kinds,  we  shall 

S  x  V 
have  S'  = ;  from  this  we  obtain  the  following  results : 

Dry  wood       8' =  8  x  jy^  =  0'59  x  8. 

7-42 
WdW  with  0-20  of  water 8'  =  S  x  — 2jJ  =  0'43  x  8. 

Dry  turf  with  0-05  of  ashes       ..      ..  8'  =  S  x  -_T^  =  0-CO  x  8. 

Turf  with  0-20  of  water      S'  =  S  x  p^  =  0'51  x  8. 

Charcoal         ..      ..      8' =  8  x  j£|j  =  0'88  x  8. 

Coke  with  0  •  02  of  ashes     8'  =  8  x  -  -     =  1  -00  x  8. 


Coke  with  0-15  of  ashes      8' =  8  x -^     -,  =  0'87  X  8. 


17" 
•28 


These  numbers  necessarily  suppose  that  the  resistance  of  the  gratings  U  the  same  for, all  km 
fuel    this  is  not  strictl    true,  for  all  kinds  of  fuel  do  not  encru*t  the  bws  so 
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kinds  of  coal ;  but,  as  we  shall  see  later,  smaller  surfaces  of  grating  are  employed  for  coke,  wood, 
charcoal,  and  turf,  so  that  tin;  resistance  of  the  gratings  ought  not  to  ilillcr  much.  They  suppo.se 
also  that  the  other  resistances  do  not  change  with  the  section,  for  it  is  on  this  condition  that  the 
volunirs  of  air  are  proportional  to  the  sections;  but  when  the  forms  of  the  generators  are  alike, 
then:  is  the  same  number  of  changes  of  direction,  and  the  differences  of  section  have  only  a  small 
influence  "ii  the  total  resistance.  But  these  numbers  must  be  considered  as  approximative  values, 
rrpre.-eiiting.  however,  sections  producing  an  excess  of  draught. 

53.  It  is  important  to  examine  what  would  happen  if  the  chimney  only  or  the  whole  of  the 
circuit  had  a  section  greater  than  that  resulting  from  the  preceding  considerations. 

Suppose,  in  tin-  lirst  place,  that  a  larger  section  is  given  to  the  chimney  alone ;  the  draught 
will  increase  on  account  of  the  expansion  which  the  heated  air  will  undergo  on  entering  it,  and 
on  account  of  the  diminution  of  friction.  But  in  general  this  increase  of  draught  will  be  small, 
and,  if  the  chimney  is  too  large,  the  velocity  of  the  heated  air  may  be  diminished  to  such  a  degree, 
tliat  the  draught  will  be  modified  by  the  influence  of  the  wind.  It  might  even  happen,  if  the 
section  of  the  chimney  were  much  too  large,  that  the  current  of  heated  air  did  not  completely  iill 
it,  and  in  that  case  downward  currents  of  air  would  be  caused  which  would  greatly  diminish  the 
draught.  To  remedy  this,  it  would  be  necessary  to  reduce  the  section  of  the  chimney  by  a  register 
placed  in  the  upper  portion. 

If,  on  the  contrary,  the  section  of  the  chimney  were  diminished  so  as  to  make  it  much  smaller 
than  that  of  the  gatherings,  there  would  be  a  loss  of  force  which  could  be  compensated  only  by  an 
increase  of  temperature  of  the  heated  air.  Even  this  compensation  could  not  be  effected  without 
difficulty  and  would  be  confined  within  narrow  limits. 

54  If  the  gatherings,  the  furnace-grating,  and  the  chimney  had  a  section  much  larger  than 
those  we  have  indicated,  it  is  evident  that,  for  a  constant  consumption  of  fuel  obtained  by  closing 
the  register  in  a  greater  or  less  degree,  the  resistance  would  diminish  in  proportion  as  the  section 
increased,  and  finally  we  should  obtain  as  the  rates  of  ingress  and  egress  of  the  gases  the  theo- 
retical rates.  To  effect  this,  it  would  not  be  necessary  to  make  the  diameter  of  the  air-channel 
very  large  ;  for  if  it  were  only  five  times  the  diameter  calculated,  the  velocities  would  be  twenty- 
five  times  smaller,  and  every  kind  of  resistance  25  X  25  =  625  times  less.  This  would  be,  there 
fore,  a  certain  means  of  suppressing  every  kind  of  resistance ;  but  in  that  case,  to  protect  the 
draught  from  the  influence  of  the  wind,  the  register  would  have  to  be  placed  at  the  top  of  the 
chimney.  This  arrangement  would  largely  increase  the  cost  of  construction  and  the  loss  of  heat ; 
for  this  reason  it  is  never  adopted. 

55.  Various  Methods  that  have  been  proposed  to  determine  the  Section  of  Chimneys. — Montgolfier  was 
the  first  who  endeavoured  to  determine  the  section  of  a  chimney,  taking  as  starting-points  its 
height,  the  volume  of  air  necessary  to  combustion,  and  the  temperature  of  the  burned  air.   But  he 
did  not  consider  either  the  friction  of  the  air  against  the  sides  or  the  resistance  of  the  grating. 
The  section  thus  determined  was  much  too  small. 

Clement,  in  his  lectures  at  the  Conservatoire,  gave  Montgolfier's  method ;  but  he  took  only  the 
fifth  of  the  velocity  calculated,  which  gave  too  large  a  section.  Tredgold,  in  his  'Treatise  on 
the  Steam  Engine,'  gives  a  complicated  method  founded  upon  singular  suppositions.  He  starts 
from  the  theoretical  velocity,  on  the  supposition  that  for  boilers  the  temperature  of  the  smoke  is 
equal  to  that  of  the  steam ,  and  he  multiplies  the  velocity  obtained  by  0  65,  which  represents  the 
flow  of  air  through  orifices  in  a  thin  material. 

According  to  M.  Darcet,  chimneys  should  be  10  metres  in  height,  and  have  a  section  such  that 
each  square  decimetre  may  correspond  to  a  consumption  of  3  to  3  3  kilogrammes  of  coal  an  hour ; 
the  surface  of  the  furnace-grating  should  be  three  times  greater  than  the  section  of  the  chimney. 
These  results  differ  but  little  from  those  we  have  indicated. 

56.  Inflitence  of  the  coolin/j  of  the  outer  surface  of  Chimneys  upon  the  Draught. — It  might  be  thought 
that  in  isolated  chimneys,  traversed  by  air  at  a  temperature  of  about  300°,  the  quantity  of  heat 
emitted  by  the  surface  being  considerable,  the  air  undergoes  a  great  lowering  of  temperature, 
which  must  diminish  the  draught ;  but  this  is  not  the  case.    The  quantity  of  heat  carried  away 
by  the  heated  air  is  always  very  great  relatively  to  that  lost  through  the  surface  of  the  chimney, 
and  the  cooling  of  the  air  has  no  appreciable  effect.    Let  us,  by  way  of  example,  consider  a 
chimney  of  20  metres  in  height,  Om<5  in  diameter,  and  0'196  square  metre  in  section,  containing 
air  at  300°.    The  theoretical  rate  of  ingress  of  the  cold  air  through  a  channel  having  the  section 
of  the  chimney  will  be  llm-93,  the  actual  rate  11-93  x  0-165  =  lm-9(J8,  the  volume  of  air  entering 
"an  hour,  1-968  x  3600  =  7084  cubic  metres,  the  weight  of  which  is  7084  x  lk'3  =  9209  kilo- 
grammes and  the  quantity  of  heat  carried  away  an  hour  about  9209  X  300  -5-  4  =  553175  units 
of  heat     Now,  according  to  the  formulae  of  the  cooling,  which  we  shall  see  later,  the  quantity  of 
heat  emitted  an  hour,  a  lineal  metre,  under  these  conditions,  is  1587 ;  for  the  20  metres,  therefore, 
the  loss  will  be  1587  x  20  =  31740.    The  ratio  of  31740  to  553175  is  0'057.    Thus  the  loss  of 
heat  through  the  chimney  is  not  -^  of  the  heat  carried  away  by  the  air ;  consequently,  the  tem- 
perature of  the  air  will  not  be  lowered  by  0-06— that  is,  it  will  remain  above  282°,   and  the 
draught  will  not  be  affected  in  an  appreciable  degree. 

57.  For  an  iron  chimney  of  the  same  dimensions,  the  quantity  of  heat  emitted  would  be, 
according  to  the  formulae,  8037  a  lineal  metre,  and  160740  for  the  20  metres.    The  ratio  of  the 
heat  lost  to  the  heat  carried  away  by  the  air  would  then  be  160740  -i-  553175  =  0-29.     Thus,  the 
temperature  would  be  reduced  by  87°,  and  the  heated  air  would  escape  at  about  213°,  which 
corresponds  (JO)  to  a  diminution  of  O'l,  nearly,  in  the  draught. 

58-  Calculation  of  ifie  Diameter  of  Chimneys  in  the  general  case. — All  that  we  have  said  respecting 
the  section  of  chimneys,  designed  to  produce  the  combustion  of  a  given  weight  of  fuel,  is  applicable 
ouly  to  chimneys  of  fixed  generators  in  ordinary  conditions,  when  the  temperature  of  the  air  is 
about  300".  and  when  about  1  kilogramme  of  coal  is  burned  an  hour  and  on  a  square  decimetre  of 
surface  of  grating.  But,  if  the  circumstances  were  different,  the  sections  recommended  would  not 
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Supposing  the  section  of  the  air-channel  constant  and  square,  and  denoting  its  le 
y  °      gOS  m  diieCtl°U  flt  riUt  • 


,  an      enong    s  eng       y    .  to 
°      gOS  m  diieCtl°U  flt  ri°Ut  "SB  *>>•  X.  we  5S|  have  ffthlSia  rf 


But  denoting  by  V  the  volume  of  cold  air  required  a  second,  which  volume  may  be  eimilv 
deduced  from  the  weight  and  nature  of  the  fuel  to  be  consumed  iu  the  same  time,  aud  by  6  tho 

section  of  the  conduit,  we  shall  have 


=  St>;  andt>»  =  ~. 


Equating  the  values  of  a2  in  the  equations  [1]  and  [2], 


if  t  were  known,  putting  in  the  place  of  V,  g,  H,  a,  N,  their  values,  the  last  equation  would  assume 
the  form 

D5  =  A  +  B  D,  [3] 

an  equation  that  may  be  solved  approximative^,  by  neglecting  at  first  A  or  B,  substituting  tho 
value  of  D,  thus  found,  for  D  in  the  second  member  of  equation  [3],  and  success  \.  h 
the  last  value  obtained,  until  two  consecutive  values  differ  only  by  a  quantity  smaller  than  the 
approximation  required. 

If  the  temperature  t  were  not  known,  we  should  have  to  assign  to  it  a  certain  value  found  by 
experiments  on  similar  apparatus.  We  will  remark  here  that  great  accuracy  in  the  value  of  t  i* 
of  no  importance  ;  for,  as  we  have  seen  (10),  the  draught  varies  only  iu  the  rutio  of  57  to  71,  for 
t  =  159°  and  t  =  300°. 

60.  As  an  example  of  these  calculations,  suppose  it  be  required  to  burn  50  kilogramme*  of  ooal 
an  hour;  let  L  =  40  metres,  t  150°,  and  let  there  be  ten  changes  of  direction  at  right  angle*,  w« 
shall  have  V  =  50  x  18^-3600  =  0-25;  2</Ha*  =  IGI'40;  l  +  at=  1-55;  KL  =  0'96;  and 
the  formula  [3]  becomes  D5  =  0-00057  +  0'6ll4  D.    Neglecting,  at  first,  the  first  term,  and  o|*- 
rating  by  successive  approximations,  we  find  for  D  the  values  0'325,  0'335,  0'337,  0  '338,0  '338. 
Thus  the  second  substitution  gives  the  value  of  D  within  a  centimetre.    The  section  being  about 
13  square  decimetres,  the  consumption  of  fuel  the  square  decimetre  would  be  about  3  kilogramme*. 

61.  We  have  supposed  that  the  resistance  of  the  furnace-grating  was  constant  and,  equal  to  8; 
this  will  be  the  case  when  the  consumption  of  coal  the  square  decimetre  and  by  tin-  hour,  in  1  kilo- 
gramme.  If  this  consumption  were  less,  the  velocity  of  the  air  traversing  the  grating  would  l«i 
smaller,  as  well  as  the  resistance,  and  consequently  tho  section  of  the  chimney  calculated  in 
the  manner  described  would  be  too  large.     In  the  contrary  case,  it  would  of  course  be  too  small. 
In  every  case,  it  may  be  admitted  thut  the  resistance  of  the  grating  i«  projKniional  to  the  squaro 
of  the  velocity  of  the  air  traversing  it;  thus,  denoting  by  n  the  number  of  kilogramme*  of  oual 
burned  an  hour  the  square  decimetre,  the  resistance  would  be  equal  to  ftA 

62.  The  results  of  these  calculations  must  be  considered  as  only  approximative,  because  they 
rest  upon  hypotheses  relative  to  the  resistance  of  the  grating  and  to  the  temj>on»tiirc  of  the  air  in 
the  chimney,  and  because  the  numbers  admitted  may  therefore  be  com-idi-rnMy  fr.  in  tli«-  truth. 

63.  The  preceding  remarks  suppose  not  only  that  the  air-channel  retains  ita  lection  throogMi, 
but  that  it  is  not  divided  into  several  branches  traversed  simultaneously  by  the  gaM*  from  tho 
furnace.     For  if  it  were  so,  the  sum  of  the  resistances  in  the  partial  channel*  would  be  greater 
than  that  which  the  air  would  meet  with  in  a  single  channel  having  tho  same  Motion. 

air  traverses  simultaneously  a  large  number  of  equal  pi^s.  as  in  locomotive  engine*,  the  reajrtancc 
is  represented  by  K  /  S2  -r-  d  S,»,  or  by  K  /  D<  -*-  nz  d»,  8  denoting  the  section  of  the  whole  chnnnd, 
S,  that  of  the  tubes,  D  the  diameter  of  the  channel,  d  that  of  the  tube*,  and  »  the  number  of  tho 
tubes. 

64.  If  in  a  Ion-  circuit,  from  a  generator  or  any  othor  apparatus,  UMN  ha] 
of  tubes,  we  could  not,  without  mcxlification,  employ  the  methyl  imli.-.,t,,l  t 
diameter  of  the  chimney,  bi-rniiHo  tins  method  supposes  the  channel  Hinglo  through. 

-  - 


ameter  o    te  cmney,    i-rniiHo     ns  meo    supposes      e 
and  constant  in  section.    It  might,  however,  be  u*-d  t<  -ntntm  -ly.     In  fa.-l.  tl 
number  of  tubes  is  equivalent  to.  that  of  a  single  pipe  of  u  diamet.  r  D,  tho  L  of 
the  equation 
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diminution  of  length  of  circuit,  and  by  the  increase  of  the  sura  of  the  sections  of  the  tubes,  BO  that 
wo  may  take  an  the  section  of  the  chimney  that  indicated  in  (59). 

65.  Chimneys  common  to  several  Fumices. — In  most  large  factories  there  is  only  one  chimney  fo/ 
all  the  furnaces.    Two  advantages  are  derived  from  this  arrangement — 1,  a  wiving  in  the  cost  of 
construction;  2,  uniformity  of  draught,  which  does  not  exist  in  a  chimney  communicating  with 
only  one  furnace.     The  saving  is  obvious,  for  one  chimney  costs  less  to  build  than  several,  supposing 
the  section  of  the  single  chimney  equal  to  the  sum  of  the  sections  of  the  others.    With  regard  to 
the  second  advantage,  it  must  be  remarked  that,  in  a  furnace  having  a  special  chimney,  the  draught 
is  very  variable ;  it  is  small  immediately  after  the  fire  is  made  up,  and  increases  in  proportion  aa 
combustion  becomes  more  active.     It  is  diminished  in  a  high  degree  by  opening  the  furnace-doors. 
But  if  several  furnaces  communicate  with  a  common  chimney,  and  care  be  taken  to  make  up  tho 
fires  successively,  a  mean  draught  will  exist  in  the  chimney,  which  will  increase  in  regularity  with 
the  number  of  the  furnaces. 

A  common  chimney  has  usually  a  section  equal  to  the  sum  of  the  sections  of  the  partial  chim- 
neys that  would  correspond  with  each  furnace.  The  section  thus  obtained  is  certainly  too  great, 
because  the  resistance  is  much  smaller  than  the  sum  of  the  resistances  in  the  partial  chimneys 
which  it  replaces.  But  this  excess  of  draught,  which  may  be  modified  at  will,  offers  no  incon- 
venience. 

66.  Chimneys  in  which  the  Smoke,  or  the  Gases  soluble  in   Water,  are  precipitated  or  absorbed  by 
Injections  of  Water. — It  has  been  proposed  to  precipitate  the  smoke  and  to  dissolve  the  soluble  gases, 
which,  in  certain  circumstances,  are  found  mingled  with  the  gases  from  the  furnace,  by  dropping 
water  under  the  form  of  very  fine  rain  into  horizontal  pipes  traversed  by  the  gases  before  reaching 
the  chimney ;  but  tho  gasea  being  almost  completely  cooled,  it  became  necessary  to  reheat  them  to 
produce  the  draught. 

Hedley,  an  ironmaster  at  Newcastle-on-Tyne,  invented  the  plan  of  making  the  smoke  pass 
through  a  series  of  vertical  pipes,  ascending  and  descending,  and  into  each  of  the  pipes  in  which  the 
smoke  descended  he  dropped  a  small  quantity  of  water.  In  spite  of  the  cooling  caused  thereby, 
the  draught  was  very  strong,  even  in  pipes  of  3  or  4  metres  in  height.  By  this  means,  all  tho 
matters  carried  off  by  the  gases  may  be  stopped,  and  especially  the  soot  which  floats  upon  the 
heated  air.  This  arrangement  has  been  successfully  applied  to  a  locomotive  of  the  Sunderland  and 
Durham  Railway.  Although  this  mode  of  condensation  has  long  been  known,  it  has  never  been 
generally  adopted,  because  it  is  complicated  and  necessitates  a  certain  amount  of  labour  to  raise 
the  water  required  for  the  purpose  of  condensation,  and  because  this  water,  if  not  clean,  would 
often  be  a  source  of  embarrassment.  But  this  arrangement  would  possess  great  advantages  when 
in  the  gases  which  escape  from  the  furnace  there  are,  independently  of  those  involved  by  combus- 
tion, noisome  gases  and  vapours,  such  as  those  evolved  in  the  manufacture  of  soda,  or  solid  matters 
carried  off  by  the  current  and  which  it  is  profitable  to  arrest,  as  in  the  case  of  lead  or  zinc  works. 

67.  Drawjht  Chimneys. — All  chimneys  are,  strictly  speaking,  draught  chimneys ;  but  we  denote 
in  a  more  special  manner  by  this  name  chimneys  constructed  for  the  purpose  of  rendering  certain 
situations  wholesome  by  ventilation.   In  these,  the  phenomena  that  happen  are  much  more  simple 
than  in  factory  chimneys.    Indeed,  the  air  drawn  through  them,  being  usually  only  slightly 
heated,  is  not  all  found  to  pass  through  the  furnace-grating,  which  occupies  only  a  small  portion 
of  the  section  of  the  chimney.    Sometimes  even  the  furnace  is  placed  laterally,  so  that  the  section 
of  the  chimney  is  not  sensibly  changed  in  the  vicinity  of  the  grating ;  the  resistance  of  the  latter 
may,  in  this  case,  be  wholly  neglected,  and  the  results  of  calculation  are  then  very  accurate. 
When  a  grating  is  wholly  covered  with  fuel,  and  the  whole  of  the  air  drawn  by  the  chimney  ia 
forced  to  pass  through  it,  if  there  is  no  appreciable  loss  of  heat  by  radiation,  the  temperature  of  the 
air  beyond  the  grating  is  about  1200°,  and  the  volume  of  air  drawn  per  kilogramme  of  coal  is 
18  cubic  metres.     For  draught  chimneys,  on  the  contrary,  the  air  is  rarely  heated  above  20°  ;  the 
heat  which  it  absorbs  the  cubic  metre  is  lk  •  3  x  20  x  0'25  =  6 '5,  and,  consequently,  the  volume  of 
air  drawn  by  1  kilogramme  of  coal  is  8000  -*-  6'5  =  1230  cubic  metres. 

G8.  To  begin  with  the  simplest  case,  let  us  consider  a  draught  chimney  of  a  height  H  and  a 
diameter  D,  communicating  in  its  lower  portion  with  a  cylindrical  channel  of  a  length  /  and  a  dia- 
meter d  smaller  than  D  ;  denoting  the  temperatures  of  the  air  in  the  chimney  and  the  air  in 
the  channel  or  pipe  by  t  and  6,  the  negative  pressure  at  the  bottom  of  the  chimney  will  be 
Ha(t  —  0)-*-lat;  denoting  it  by  P,  and  calling  p  the  force  corresponding  to  the  effective  velocity, 

K.  /          Jv  TT     d* 
we  shall  have  P  —  p  =  -j~P  +  -fr-  •  ™  P  +  P  +  (A  —  B)p.     The  first  two  terms  of  the  second 

equation  represent  the  resistance  occasioned  by  friction  in  the  pipe  and  in  the  chimney ;  the  third, 
the  loss  of  force  due  to  the  sudden  change  of  direction ;  the  last,  the  loss  of  force  at  the  entrance  of  the 
pipe  and  the  increase  of  force  at  the  entrance  of  the  chimney.  But  in  general  the  conducting-pipes 
are  long  enough  to  render  their  resistance  very  great  relatively  to  the  value  of  A  —  B.  Thus 
the  second  member  of  the  equation  may  be  reduced  to  the  first  three  terms,  which  gives  aa  the 
rate  of  ingress, 


1  +  a  t  Kl      KH     d* 

~~+~~'       + 


[1] 


69.  Suppose,  for  example,  a  square  chimney  communicating  with  a  pipe  having  also  a  square 
section  ;  taking  H  =  30  metres,  D  =  1  metre,  d  =  Om'5,  /  =  500  metres,  d  =  15°,  t  =  35°,  the  for- 
mula becomes 


_  A/19-62  X  30x0-00366x20    / 

V 


1  +  0-00366  x  35  21  +  0'72  +  2 


_  _ 

~ 
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The  section  of  the  pipe  being  C'25  square  ml-tre,  the  volnmo  of  air  drawn  per  second  will  be 
1-19  x  0-25  =  0-297  cubic  metre;  the  expenditure  of  heat  will  b«  about  10<;:)  x  I 
0  •  21  =  6670  an  hour,  a  quantity  of  heat  only  slightly  less  than  that  produced  by  the  combustion 
of  1  kilogramme  of  coal. 

70.  Let  us  now  consider  the  most  general  case.    Suppose  a  chimney,  still  pri.-inntic,  commnni- 
eating  with  a  pipe  turning  in  all  directions,  the  several  parts  of  which  are  at  ditl'.-n-iit  t<  •rnpfmturr*. 
The  variations  of  temperature  will  act  in  two  ways:  1st,  by  modifying  the  force  which  orcaviooc 
the  flow;  2nd,  by  causing  variations  of  velocity,  and,  consequently,  variations  in  the  resistance 
due  to  friction.     But,  as  the  influence  of  the  variations  of  temperature  upon  the  velocity,  and,  con- 
sequently, upon  the  friction  is  very  small,  wo  may  suppose  that  the  velocity  varies  only  inv.-r.-.  ly 
as  the  sections.    Then,  denoting  the  force  and  the  total  sum  of  the  resistances  by  P  and  l;,  the 

velocity  of  flow  will  be  given  by  the  formula  v  =  v      '       • 

The  value  of  R  may  be  found  by  the  methods  indicated  when  treating  of  tho  flow  of  com- 
pressed gases. 

71.  Construction  of  Chimneys. — As  the  height  and  the  section  of  chimneys  may  bo  determined 
by  the  preceding  considerations,  we  have  now  only  to  examine  the  nature  of  the  material*,  the 
thickness,  and  the  general  arrangements  to  be  adopted. 

72.  Factory  Chimneys. — Factory  chimneys  always  stand  alone ;  they  are  constructed  of  brick* 
or  of  iron,  and  with  either  of  these  materials  they  produce  the  same  effects,  because  the  cooling 
which  the  air  undergoes  in  iron  chimneys  has  no  appreciable  influence  upon  the  draught  (57). 

73.  The  best  form  of  section,  from  the  point  of  view  of  diminishing  the  resistance,  is  that  which, 
for  a  given  surface,  has  the  least  perimeter  or  circumference.    This  is,  of  course,  the  circular  form, 
and  next  the  polygonal  with  a  large  number  of  sides.    Iron  chimneys  have  always  the  circular 
form.    In  brick  chimneys,  the  section  is  circular,  square,  or  octagonal.    Bound  chimneys  are 
generally  preferred ;  they  require,  for  an  equal  section,  less  material. 

74.  Let  us  now  examine  the  form  of  the  vertical  section  passing  throngh  tho  axis.    When 
chimneys  are  of  small  height,  they  are  made  prismatic  internally,  and  tho  walls  have  a  greater 
thickness  at  the  base  than  at  the  summit.  Figs.  1913,  1914.     But  when  they  are  of  great  height, 
they  have  always  the  form  of  the  pyramid  inside  and 

outside,  Figs.  1915,  1916,  to  increase  the  base  on  which 
they  stand,  while  reducing,  as  much  as  possible,  the 
cube  of  the  masonry.  It  is  impossible  to  calculate  the 
interior  and  exterior  diminution  of  section,  because 
the  calculation  would  depend  upon  too  large  a  number 
of  unknown  elements.  "We  shall  confine  ourselves 
to  giving  that  which  has  been  found  sufficient  in 
practice. 

75.  In  large  factory  chimneys,  the  internal  dimi- 
nution,  a  lineal  metre,  is  about  Om-012  to  Om>018; 
and   the  external  diminution  varies  from  0'025  to 
0-035.    The  thickness  of  the  masonry  at  the  top  is 
from  0-11  to  0-22,  the  breadth  or  length  of  an  ordinary 
brick.   Thus,  if  we  denote  the  interior  diameter  at  the 
top  of,  a  chimney  by  d,  its  exterior  diameter  by  d',  and 
the  interior  and  exterior  diameters  at  the  bottom  of 
the  chimney  by  D  and  D',  we  shall  have  d'=d+  0'22, 
or  d'  =  d+0-44,  D  =  d=  2Hm,  D'  =  d'  +  2Hm',  m 
being  included  between  0-012  and  0-018,  and  m'  be- 
tween 0-025  and  0-035. 

Suppose,-  for  example,  a  chimney  of  20  metres  in 
height  and  0  •  (50  in  interior  diameter  at  the  top ;  the 
interior  diameter  D  at  the  bottom  will  be,  taking 
m  =  0-014,  lm-16;  the  exterior  diameter  d'  at  the 
top  will  be  0-60  +  0-22  =  0-82;  and  the  exterior 
diameter  D'  at  the  bottom,  taking  m  =  0'03,  will  be 
2'" -02. 

The  chimney  of  the  tobacco  manufactory  at  Pans, 
which  is  constructed  to  burn  700  kilogrammes  of  coal 
an  hour,  which  corresponds  to  more  than  150  horse- 
power, is  29  metres  in  height;  internally  it  is  lm>03 
in  diameter  at  the  top,  2m>15  at  the  base;  and  ex- 
ternally, at  the  top,  lm'30,  and  at  the  base  3 
The  diminution  is,  in  this  case,  both  externally  and 
internally,  too  great. 

76.  If  it  were  required  to  construct  cnnionl  WOOt 
internally  and  externally,  the  execution  of  tl 
would  bt>  ri.ther  difficult,  and  we  should  be  obliged 
cut  a  large  number  of  the  bricks,  which  would  c 
considerable  expense ;  besides,  bricks  do  not  resu 
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in  Fig.  1016  is  prnemlly  preferred.  Tlio  chimney  is  conical  or  pyramidal  on  tlio  outside,  nncl  tho 
thickness  of  tho  masonry  varies  by  sudden  leaps  on  the  inside;  the  retreats  occur  every  11  ccnti 
metres,  the  breadth  of  a  brick. 

77.  Brick  chimneys  are  usually  from  20  to  30  metres  in  height ;  sometimes,  but  rarely,  40  metres. 
M.  Cirouvollo  mentions  a  chimney  at  Manchester  that  is  125  metres  in  height,  7 '50  in  exterior 
diameter  at  the  base,  and  2 '70  at  the  top;  4,000,000  bricks  were  employed  in  its  construction. 

78.  Brick  chimneys  are  usually  placed  upon  pris- 
matic socles,  pierced  on  opposite  sides  with  two  aper- 
tures ;  one  is  designed  to  receive  tho  channel  which 
conducts  the  smoke  to  the  chimney ;  the  other,  which 
is  usually  closed  up  by  a  thin  brick  wall,  serves  to 
admit  the  workman  when  the  chimney  needs  sweep- 
ing or  repairs.   To  facilitate  this  labour,  the  chimney 
is  furnished  with  horizontal  bars  placed  Om-50  apart, 
forming  a  kind  of  ladder. 

79.  It  is  of  the  highest  importance  that  a  chimney 
should  stand  upon  a  firm  foundation,  for  the  sinking 
often  takes  place  unequally ;  and,  when  this  is  the 
case,  the  chimney  either  falls,  or  stands  very  inse- 
curely.   This  is  a  point  to  which  builders  do  not  pay 
sufficient  attention. 

80.  In  chimneys  intended  to  receive  air  at  a  very 
high  temperature,  as  those  of  reverberatory  furnaces, 
fire-bricks  must  be  employed,  and  the  interstices 
between  them  filled  with  brick  clay.    In  chimneys 
which  are  intended  to  receive  vapours  at  a  tempera- 
ture rarely  exceeding  300°,  as  in  the  case  of  steam- 
boilers,  ordinary  bricks  may  be  used,  bound  together 
by  mortar  containing  siliceous  sand ;  it  would  be  well, 
however,  to  employ  fire-bricks  for  the  casing  of  the 
inner  portion  at  the  bottom  of  the  chimney.    Plaster 
should  never  be  used  when  the  temperature  of  the 
heated  air  exceeds  100°,  because  at  this  temperature 
it  begins  to  lose  the  hygrometric  water  which  it  con- 
tains, and,  consequently,  its  tenacity. 

81.  Tall  chimneys,  when  standing  alone,  may  be 
built  without  exterior  scaffolding,  if  their  diameter 
is  considerable;  the  workman  in  this  case  raises 
himself  upon  supports  fixed  on  the  inside  of  the 
chimney.    A  good  workman  accustomed  to  this  kind 
of  work,  assisted  by  a  boy,  may,  in  this  way,  in 
about  a  fortnight,  raise  a  pyramidal  chimney  of  13  or 
14  metres  in  height,  2  metres  and  1  metre  in  exte- 
rior and  interior  diameter  at  the  base,  and  0  •  80  and 
0'60  in  exterior  and  interior  diameter  at  the  top. 

82.  Chimneys    usually  terminate   in   a   portion 
having  a   greater    diameter,    and   resembling  the 
chapiter  of  a  column ;  this  portion  of  the  chimney  is 
designed  only  as  ornament.     The  chapter  is  often  of 
bricks  like  the  rest  of  the  chimney ;  sometimes  it  is 
of  cut  stone. 

83.  Brick  chapiters,   if  they  were  not  protected, 
\vould  allow  the  rain  to  penetrate  the  masonry ;  to 
prevent  this  they  are  covered  with  plate  iron,  which 
extends  over  the  outside   and  inside  by  O'lO  to 
0'15  metre. 

84.  Fig.  1917  represents  a  section  of  the  arrange- 
ment adopted  for  large  iron  chimneys.    The  chimney 

itself  is  bolted  to  an  iron  socle 

or  base,  fixed  upon  a  mass  of 

masonry    by    four    stout  bolts 

passing  through  the   masonry. 

When  these  chimneys  are  very 

high,  they  are  tied  externally 

to  the  ground  or  to  some  neigh- 
bouring buildings.    To  prevent 

the  rusting  of  the  metal,  the 
chimney  is  covered  with  coal-tar,  which  will  bear  a  high  temperature  without  alteration. 

85.  Tall  factory  chimneys  attract  the  lightning,  both  by  their  great  height  and  by  the  great 
conducting  power  of  the  soot  which  covers  their  inner  surface;  it  is,  therefore,  necessary  to  protect 
them  by  means  of  a  conductor.  Figs.  1918  and  1919  show  the  usual  arrangements  in  such  cases. 
In  the  first,  four  rods,  riveted  to  the  iron  plate  at  the  top  of  the  chimney,  support  the  conductor ; 
one  of  the  rods  is  produced  horizontally  and  fixed  at  its  extremity  to  the  conducting-wire.  iho 
second  represents  a  lightning  conductor  upon  an  iron  chimney.  The  conductor  is  supported  by 
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three  rods  riveted  to  the  edge  of  tho  chimney,  which  genres  msteiul  of  a  conductin-wire  and  tho 
cham  which  estabhshe3  communication  with  tho  ground  ia  fixed  to  ita  lower  portion. 


1917. 


1918. 


19JI. 


86.  When  single  chimneys  are  very  high, 
and  are  designed  to  receive  air  at  a  high  tem- 
perature, it  is  necessary  to  strengthen  them. 
We  see  an  instance  of  this  strengthening  in 
the  square  section  chimneys  of  puddling  fur- 
naces.   When  chimneys  are  conical,  iron  hoops 
are  built  into  the  masonry. 

In  the  rectangular  chimneys  of  steam- 
boilers,  flat  iron  bars  having  a  kind  of  hook  at 
each  end  of  sufficient  dimensions  to  take  in  two 
or  three  rows  of  bricks  are  built  into  the  ma- 
sonry in  alternate  directions,  as  shown  in  Fig. 
1920. 

87.  Figs.  1921  to  1923  represent  .a  Inrge  fac- 
tory chimney  of  a  circular  section,  built  accord- 
ing to  tho  plans  of  MM.  Thomas  and  Laurens.    This  chimney  IB  40  mctrcu  in  hi-i^M ;  tho  diameter 
is  at  the  base  3-35  and  at  the  top  2m<02;  therefore  tho  diminution  of  lection  it  on  the  in*id« 
0-016  a  metre:    tho  exterior  diameter  at  tho  base  is  0*65,  and  at  the  top  2 -52;  consequently 
tho  external   diminution  is  0'030  a  metre.    The  chimnoy  is  formed  of  flvo  cylinders  having  asefa 
a  height  of    about  8  metres,  and  conical  lx>th  on  the  inside  and  on  tho  outside.     The  thick- 
ness of  tho  masonry  is  3  bricka  for  the  first  portion,  nnd  is  successively  reduord  to  21  bricks,  3 
bricks,  1£  and  1,  for  tho  other  portions.     Thirty-right  iron  hoops  hh\  ii*,  arc  built  into  the 
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mnsonry.  The  first  portion  of  tho  chimney  lias  an  inner  cnsing  of  fire-bricks.  The  top  is  covered 
with  ft"  iron  plato  a  b,  compose*!  of  four  pieces  bolted  together. 

Tho  engineers  above  alluded  to,  often  place  in  their  chimneys  at  the  points  c  c',  dd',  e  c',  //,  g  </', 
tho  base  of  each  of  the  cylinders,  bands  of  coloured  bricks  ;  and  the  spaces  between  those  bands 
are  filled  with  bricks  of  several  colours,  worked  into  various  patterns  for  ornamental  purposes. 

8S.  J;<-'iist<-rs. — In  every  heating  apparatus,  whatever  its  dimensions  and  purpose  may  be,  it  is 
requisite  to  place,  either  at  the  top  or  at  the  bottom  of  the  chimney,  an  iron  plate,  by  means  of 
which  the  draught  may  be  diminished,  and  the  chimney  closed  entirely  during  the  suspension 
of  work  in  the  furnace.  Registers  are  of  great  service  in  apparatuses  which  are  only  occasionally 
in  operation,  because,  the  current  of  air  being  intercepted,  the  furnace  cools  very  slowly. 

89.  They  may  be  arranged  in  a  great  variety  of  ways.    In  apparatuses  of  small  dimensions, 
having  iron  chimneys,  the  opening  in  the  chimney  is  regulated  by  a  disc.  Fig.  1924,  turning  about 
an  axis  traversing  the  opposite  sides  of  the  pipe,  and  worked  from  the  outside. 

90.  This  arrangement  might  with  equal  advantage  be  adopted  for  larger  chimneys ;  but  as  the 
friction  of  the  axis  iu  its  bearings  would  not  alone  be  sufficient  to  keep  the  disc  in  its  position,  we 
should  have  to  affix  to  it,  on  the  outside  of  the  chimney,  a  rod  or  handle  perpendicular  to  its 
direction,  by  which  it  might  be  fixed  as  shown  in  Fig.  1925.     The  disc  should  bo  of  cast  iron,  as 
wrought  iron  is  more  liable  to  mst,  and  should  have  considerable  thickness  to  prevent  warping. 
When  tho  air-channel  is  horizontal,  the  arrangement  shown  in  Fig.  1926  may  be  adopted.     Tho 
r.  _'i~ti T,  in  this  case,  is  a  cast-iron  plate  6,  turning  about  an  axis  upon  a  pivot  c,  and  which  is 
moved  in  an  iron  frame  by  means  of  a  crank  a. 


1925. 


1928. 


1927. 


91.  Horizontal,  sliding  trap-doors  are  sometimes  employed;  but  in  large  chimneys  it  is  more 
usual  to  employ  those  which  move  vertically,  and  which  are  held  by  a  counterpoise.     Fig.  1927 
is  a  section  of  this  arrangement  through  the  length  of  the  air-channel.    R  is  a  cast-iron  plate 
sliding  in  grooves,  also  of  cast  iron,  fixed  in  the  masonry.    It  is  held  by  a  chain  which  passes  over 
a  pulley  P,  and  is  attached  to  a  weight  M. 

92.  This  last  arrangement  is  the  one  generally  adopted ;  it  has,  however,  one  great  objection, 
namely,  a  considerable  space  between  the  edges  of  the  plate  and  the  grooves  of  the  iron  frame  in 
which  it  moves ;  this  allows  a  rush  of  cold  air  into  the  chimney,  whereby  the  draught  is  considerably 
diminished  in  the  furnace.     This  rush  of  cold  air  may  be  prevented  when  the  register  is  lowered 
by  constructing  it  with  projecting  arms  at  the  top,  made  to  fall  into  a  groove  filled  with  sand. 

93.  When  the  temperature  of  the  heated  air  exceeds  500°  or  600°,  the  contrivances  which  we 
have  been  considering  cannot  be  employed,  because  the  iron  would  be  quickly  warped  or  rusted. 
The  best  method  of  regulating  the  draught  of  a  chimney  in  such  cases,  is  to  place  the  register 
at  the  top  of  the  chimney,  where  the  disc,  or  plate,  being  always  exposed  on  one  side  to  the  air, 
becomes  heated  in  a  very  much  smaller  degree.     This  arrangement  is  shown  in  Fig.  1928 ;  c  is  a 
cast-iron  disc  affixed  to  a  vertical  rod,  connected  by  a  joint  to  the  end  of  the  lever  a  b  turning 
about  the  point  d;  a  chain  g  is  attached  to  the  extremity  a,  by  means  of  which  the  distance  of 
the  disc  from  the  top  of  the  chimney  is  regulated.     This  arrangement  has  the  disadvantage  of 
requiring  a  workman  to  ascend  to  the  top  of  the  chimney  when  the  apparatus  is  got  out  of  order. 
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See  ANEMOMETER.    BAROMETER.    BOILER.   FUEL.  PYROMETER.    THERMOMETER.    VKNTILATIOS. 

CHISEL.     FR.,  Ciseau,  Burin ;  GER.,  Jieissel ;  ITAL.,  Sc.trpello ;  SPAN.,  Escoplo. 

See  HAND-TOOLS. 

CHOCOLATE  MACHINE.  FR..  Moulin  a  chocolat ;  GEK,  ChocoladnmOMt ;  ITAU,  Uaachina 
da  cioccolata ;  SPAN.,  Molino  de  chocolate. 

See  MILLS. 

CHRONOGRAPH.     FR.,  Chronograph ;  GER.,  Kronograph ;  ITAI^  Cnmografo. 

See  GUNPOWDER. 

CHUCK.     FR.,  Mandrin ;  GER..  Putter,  Patronc ;  ITAL.,  Coppaia. 

A  chuck  is  contrived  to  fit  the  mandrel  of  a  turning-lathe,  and  to  hold  the  material  to  bo  turned. 
See  LATHES. 

CHURN.     FR.,  Baratte ;  GER.,  Butterfasz ;  ITAL.,  Zangola ;  SPAN.,  Manteqwra. 

L.  Bacon's  churn,  Figs.  1929,  1930,  has  two  reciprocating  dashers  F,  H,  with  fingers  A  A,  if, 
these  dashers  being  worked  by  a  double-throw  crank  D.  The  dasher-rods  c  c  have  two  guides  6  6, 
one  through  the  cover  of  the  churn  and  the  other  through  the  upper  end ;  and  connecting-rod*  a,  a, 
attach  the  dasher-rods  to  the  crank.  The  machine  is  enclosed  in  the  case  A,  C,  B. 
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In  J.  Harrison  Doolittle's  churn,  Figs.  1931,  1932,  the  dasher  B  6  C  is  turned  by  a,  driving  journal 
D  d    The  dasher  is  removable,  and  when  replaced  in  the  churn  rests  in  the  gro  •  a,  wl 

"  5Z.  ?«*  nsting  I.  .  cavity  M  Md  .  .  ledge  V. 


Molino  y  prensa  para  haccr  sidra. 

CIRCULAB  SAW.    FR.,  Scie  circulate;  GEB.,  Kreissage; 

circular. 

CIRCUMFERENTER.     FR.,  Graphomctre;   GEB.,  Graphometer  ; 
Sl'AN.,  Grafometro. 

CLA^VALVE.    FR.,  Soupapc  h  chamurc  ;  GEB.,  Vc^ilUappc  ;  ITAL.,  Ta/^  . 
SPAN.,  Vdhulti  de  cucro. 


Seja  circoiart;  8PAMn  A 
Grafometro  a 


.  ;  GEB.,  Hint***;  ITAL.,  Tuirluppo;  SPAJJ.,  Cepa. 

See  MECHANICAL  MOVEMENTS. 

S,  ASrttftSW  £35:  SKr--* 

strength  or  of  securing  a  piece  of  work  in  its  proper  .pos 
CLIP-DRUM.     FR.,  Tambour  a  tenailles  ;  GEB..  bch 

"  **•' 


ITAL.,  Macchina  da  panni  ;  SPAN.,  Xaquinaria 
See  CALENDER. 
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CLUTCH.     Fn.,  f.V/  tVarrft ;  GKR.,  Aiisriick  Kuppeluny  ;  ITAL.,  Connessione  a  denti. 

A  clutch  is  n  projecting  tooth  or  pioco  of  machinery  for  connecting  shafts  with  each  other  or  with 

vl:.-,-l-i  ft)  us   t.)   I'.'  UMOgRgeo!   Mt    ].lr;iMilV.       See  (JllAKIM!. 

CO  AL-CUTTIN t ;  .M  A  (  II I N  E.  Fit.,  Machine  a  tailler  dcs  houilles  ;  G  EB.,  Kohlenbrcck  Maschinc  ; 
ITAL.,  Macchina  da  seizure  litantrace ;  SPAN.,  Mdquina  punt  i'<»-tiir  carlxm  <li-  /</c//-,t. 

The  objects,  says  John  Fcrnio,  of  Leeds,  to  be  gained  by  the  application  of  machinery  to  coal 
cutting  are,  firstly,  the  cheapening  of  the  work ;  secondly,  the  saving  of  a  largo  quantity  of  coal, 
which,  in  tlic  ordinary  process  of  holing  or  undergoing  by  hand  labour  with  the  pick,  is  broken  up 
into  slack  mid  dust;  thirdly,  the  removal  of  the  danger  attendant  upon  undergoing  by  hand  labour; 
fourthly,  the  getting  of  a  larger  quantity  of  coal  out  of  the  pit  with  the  same  length  of  working 
opened;  and  fifthly,  in  the  case  of  machines  worked  by  compressed  air,  the  collateral  advan- 
tage of  better  ventilation  and  a  c<x>ler  atmosphere  in  the  mine,  owing  to  the  discharge  of  the  com- 
pressed air  after  each  stroke  of  the  tool.  The  difficulties  attending  the  application  of  machinery 
to  work  previously  performed  by  hand  are  greatly  increased  in  the  case  of  coal-cutting  machines, 
by  their  having  to  work  at  great  depths  below  ground,  and  in  the  very  confined  passages  of  a 
mine. 

Fernie,  in  the  'Institute  of  M.  E.,'  described  two  coal-cutting  machines  driven  by  compressed 
nir,  one  having  a  pick  worked  by  a  bell-crank  lover,  with  an  action  like  that  of  the  ordinary  pick 
used  in  hand  work,  and  the  other  working  a  straight-action  tool  somewhat  in  the  manner  of  a 
horizontal  traversing  slotting  machine.  Both  these  machines  had  been  successfully  employed  in 
regular  work  for  a  length  of  time  at  collieries  in  the  neighbourhood  of  Leeds. 

The  coal-cutting  machine  of  W.  and  S.  Frith,  shown  in  Figs.  1933  to  1935,  is  constructed  for 
working  a  pick  by  means  of  a  bell-crank  lever,  so  as  to  give  an  action  similar  to  that  of  the  ordinary 
pick  employed  in  hand  work. 

The  pick  A  is  fixed  in  a  socket  in  one  of  the  arms  of  the  bell-crank  lever  B,  the  otherarm  of  which 
is  worked  direct  by  the  piston-rod  of  the  horizontal  cylinder  C.  The  slide-valve  D,  Fig.  1936,  for 
the  admission  and  discharge  of  the  compressed  air  by  which  the  machine  is  driven,  is  an  ordinary 
elide,  worked  by  a  tappet-roller  E  upon  the  piston-rod ;  the  machine  is  thus  self-acting  as  regards 
the  strokes  of  the  pick,  which  i8  started  to  work  as  soon  as  the  compressed  air  is  turned  on  by  the 
stop-cock  F  in  the  supply-pipe  Gr.  The  machine  is  mounted  upon  four  wheels  running  upon  the 
ordinary  rafls  of  the  colliery,  and  is  advanced  the  requisite  distance  between  each  blow  of  the  pick 
by  a  hand-wheel  H  connected  by  gearing  with  the  hind  pair  of  carrying-wheels.  The  two  pairs  of 
wheels  are  coupled  together,  in  order  to  render  the  full  adhesion  available  for  the  forward  motion 
of  the  machine ;  and  by  this  means  it  is  found  that  sufficient  adhesion  is  obtained  without  tho 
necessity  of  laying  down  a  special  rack-rail  for  the  feed  motion. 

As  the  return  of  the  pick  after  each  blow  is  made  by  means  of  the  self-acting  tappet-motion 
working  the  slide-valve,  it  is  necessary  that  the  tool  should  go  to  the  full  extent  of  its  stroke 
at  each  blow,  before  it  can  be  withdrawn  again.  The  amount  of  feed  between  each  blow  has  there- 
fore to  be  regulated  by  the  attendant,  according  to  the  hardness  of  the  seam  of  coal  in  which  the 
machine  is  cutting,  so  that  the  pick  shall  complete  an  entire  cut  at  each  blow.  In  the  event,  how- 
ever, of  the  pick  being  advanced  too  far  at  any  blow,  so  as  to  put  too  much  work  upon  it  and  stop 
it  before  the  stroke  is  completed,  it  is  only  necessary  to  draw  the  machine  back  again  by  means  of 
the  hand-wheel  H,  until  the  pick  is  released  from  the  cut ;  the  unfinished  stroke  is  then  completed, 
and  the  pick  goes  on  working  again  the  same  as  before  the  stoppage.  In  order  to  allow  of  altering 
the  height  at  which  the  pick  performs  the  holing  in  the  coal,  the  socket  K  carrying  the  pick  is 
made  to  slide  vertically  upon  the  shaft  of  the  bell-crank  lever  B,  the  height  of  the  socket  being 
adjusted  by  the  forked  arm  J  controlled  by  the  screwed  rod  and  handle  L. 

One  of  these  pick  machines  worked  the  whole  of  the  undercutting  in  the  West  Yorkshire  Coal 
and  Iron  Co.'s  Colliery  at  Tingley,  near  Leeds,  holing  a  seam  of  coal  3  ft.  8  in.  thick ;  and  the  com- 
pressed air  for  driving  it  was  supplied  by  an  air-compressing  engine  at  the  surface,  with  steam- 
cylinder  of  20  in.  diameter  and  3  ft.  stroke,  working  an  air-cylinder  of  18  in.  diameter  and  the  same 
stroke,  and  compressing  the  air  to  about  50  Ibs.  the  square  in.  pressure.  The  depth  of  the  pit  is 
170  yds.,  and  the  air  is  conveyed  down  the  shaft  and  along  the  mine  in  2£-in.  cast-iron  pipes,  with 
a  IJ-in.  wrought-iron  pipe  laid  up  the  bords  to  the  working  faces,  and  then  a  1  J-in.  flexible  tube  to 
the  coal-cutting  machine.  Small  air-vessels  are  placed  at  intervals  of  500  yds.  along  the  air-main, 
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f,>r  the  purpose  of  maintaining  the  pressure  of  the  air  at  the  machine  when  working  at  a  consi- 
derable distance  in  the  mine:  the  machine  is  worked  at  a  distance  of  as  much  as  u  mile  from  the 

shaft. 

In  n  trial  of  this  machine,  it  was  found  that  a  pick  of  75  Ibs.  weight,  cutting  a  groove  to  a  depth 
of  24  in.  in  from  thu  face,  gave  about  74  blows  a  minute.  At  the  colliery  the  coal  was  got  by  the 
1, in "-\vull  system  of  working,  as  shown  in  Fig.  1937,  in  which  the  machine  is  indicated  at  M  work- 
ing°along  the  straight  face  of  50  yds.  at  one  of  the  banks.  The  time  occupied  by  the  machine  in 

1937. 


undercutting  a  length  of  56  ft.  was  twenty-five  minutes,  including  all  stoppages  for  clearing  the 
rubbish  out  of  the  hole  and  for  backing  the  machine  when  the  pick  occasionally  made  an  incomplete 
stroke.  The  machine  was  then  run  back  to  the  starting-point,  and  set  to  work  again  with  a  longer 
pick  of  90  Ibs.  weight,  completing  the  previous  cut  to  the  final  depth  of  3  ft.  9  in.  from  the  face.  With 
this  pick  the  blows  were  about  sixty  a  minute,  and  the  half-length  of  28  ft.  was  undercut  in  seventeen 
minutes,  including  all  stoppages.  The  time  occupied  in  running  the  machine  back  and  changing 
the  pick  was  sixteen  minutes.  The  machine  in  this  case  was  working  at  a  distance  of  about  a 
mile  from  the  bottom  of  the  shaft. 

From  this  trial  it  appears  that  in  undercutting  to  the  depth  of  24  in.  in  a  single  course,  the 
work  done  by  the  machine  was  at  the  rate  of  about  30  square  yds.  an  hour ;  and  in  undercutting 
in  two  courses  to  the  total  depth  of  3  ft.  9  in.,  the  work  was  done  at  the  mean  rate  of  about 
15  square  yds.  an  hour,  including  the  time  required  for  running  the  machine  back  and  changing 
the  pick. 

The  width  or  height  of  the  groove  cut  out  by  the  pick  is  2  in.  at  the  inner  extremity,  widening 
out  slightly  towards  the  face  of  the  coal.  It  is  necessary  to  stop  the  machine  at  intervals,  in  order 
to  clear  out  the  rubbish  left  in  the  hole ;  and  the  rails  in  front  of  the  machine  have  also  to  be 
cleared  of  the  material  thrown  out  by  each  return  stroke  of  the  pick.  Two  men  are  required  to 
attend  to  the  machine,  one  working  the  hand- wheel  for  the  advance  of  the  machine,  and  the  other 
clearing  away  the  stuff. 

A  good  criterion  of  the  actual  rate  of  working  that  maybe  safely  reckoned  upon  with  this 
machine  in  regular  practice  is  afforded  by  its  performance  upon  an  occasion  when  it  was  kept  con- 
tinuously at  work  for  twenty-four  hours  consecutively,  on  21st  and  22nd  of  May,  1868.  During  this 
time  the  machine  was  employed  upon  five  different  banks  of  coal  successively,  requiring  accord- 
ingly to  be  shifted  four  times  for  the  purpose.  The  average  depth  of  holing  was  3  ft.  6  in.,  and  the 
total  length  of  work  completed  to  that  depth  during  the  twenty-four  hours  amounted  to  257  yds. 
This  gives  the  practical  rate  of  holing  by  the  machine  at  rather  more  than  12  square  yds.  an  hour, 
including  all  stoppages  for  clearing  the  pick  in  working  and  for  shifting  the  machine  on  the  com- 
pletion of  each  separate  length  of  bank. 
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The  other  coal-cutting  machine,  before  alluded  to,  shown  in  Figs.  1937  to  1939,  jg  the  fora 
tion  of  G.  E.  Domsthorpe,  and  may  be  described  as  a  horizontal  traversing  dotting  machine,  the 


^ 


thickness  of  the  seam  itself. 
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The  cutter-bar  A  onrrying  tho  rutting  tools  is  flxod  upon  tho  upper  side  01  the  working  cylin- 
der C,  which  moves  hori/ontully  forwards  and  backwards  ut  each  stroke,  the  piston  and  piston-rod 
remaining  stationary.  This  arrangement  haa  the  advantage  of  economizing  space,  and  giving 
greater  stiffness  and  a  better  attachment  of  tho  cutter-bar;  and  the  whole  is  guided  steadily 
between  the  guides  B  B  by  means  of  four  sots  of  steel  rollers  D  D  attached  to  tho  cylinder  and 
steadying  it  both  vertically  and  laterally,  as  shown  in  tho  sectional  plan  of  the  cylinder,  Fig. 
11MO.  The  piston-rod  E  ifl  made  hollow,  as  shown  in  Figs.  1'J-tO  and  11)42,  having  two  passages 

1941. 
1940. 


communicating  with  the  opposite  sides  of  the  piston ;  and  the  alternate  admission  and  exhaustion 
of  the  compressed  air  is  regulated  by  a  cylindrical  slide-valve  F,  Figs.  1937  and  1943,  worl-ed  by 
the  hand-lever  G.  The  ports  in  the  piston  are  circular,  and  at  each  end  of  the  cylinder  a  pro- 
jecting plug  J  is  fixed  on  the  inside  of  the  cover,  opposite  to  the  port,  ao  shown  in  Figs.  1940, 
1941 ;  this  plug  entering  the  port  at  the  end  of  the  stroke  prevents  the  complete  escape  of  the 
whole  of  the  air  in  exhausting ;  and  the  air  thus  retained  in  the  cylinder  forms  an  air-cushion  at 
the  end  of  the  stroke,  whereby  the  piston  is  prevented  from  striking  the  cylinder-cover  at  either 
end.  A  subsidiary  port  I,  Fig.  1841,  alongside  the  main  port,  and  provided  with  a  valve  opening 
outwards,  affords  a  passage  for  the  admission  of  the  compressed  air  at  the  commencement  of  the 
next  stroke,  until  the  main  port  is  unstopped  by  the  withdrawal  of  the  plug  J. 

The  working  cylinder  C  is  6  in.  diameter  with  12  in.  stroke;  and  the  frame  B  in  which  it  is 
carried  is  it.--lf  .-iliing  upon  horizontal  trunnions  H,  Fig.  1938,  in  another  frame  K  sliding  verti- 
cally upon  the  pillars  L  L,  which  are  fixed  on  the  base-plate  M  of  the  machine ;  and  by  means  of 
a  screw  N  and  worm-wheel,  Fig.  1937,  the  working  cylinder  can  thus  be  raised  or  lowered  bodily 
to  any  height  at  which  the  cutter  is  required  to  work.  The  trunnions  and  the  curved  slot  H, 
Fig.  1938,  also  allow  of  the  cutter  being  adjusted  by  means  of  the  hand-wheel  and  screw  X  to  work 
at  an  inclination  to  the  horizontal,  between  the  limits  shown  by  the  two  dotted  positions  in 
Fig.  1938. 

The  cutter-bar  A,  Figs.  1938,  1939,  is  of  cast  steel,  having  six  sockets  for  carrying  the  cutting 
tools.  The  tools  are  made  of  flat  bar  steel,  with  one-quarter  twist  in  the  shank,  by  which  means 
the  cuttings  are  thrown  away  from  the  face  of  the  cut  at  each  stroke  of  the  bar  A.  The  cutters 
are  placed  about  7  in.  apart  longitudinally  along  the  length  of  the  bar  A,  the  average  depth  of  the 
cut  being  about  3  ft.  4  in.  in  from  the  face  of  the  coal ;  and  the  length  of  stroke  being  12  in.,  the 
tool  does  no  work  during  the  first  5  inches  of  the  stroke,  but  acquires  a  rapid  motion  whereby  it 
strikes  upon  the  coal  with  the  percussive  action  of  a  blow,  instead  of  cutting  by  a  uniform  steady 
pressure  like  an  ordinary  slotting  tool.  Previous  to  the  adoption  of  this  principle  of  working,  the 
present  pressure  of  air  of  GO  to  70  Ibs.  a  square  inch  was  found  insufficient  to  work  the  machine ; 
out  with  the  percussive  action  now  obtained  this  pressure  is  found  completely  effective,  and  the 
diameter  of  the  working  cylinder  being  6  in.,  the  blow  is  given  with  a  total  force  of  1700  Ibs.  or 
J  ton  upon  the  tool.  The  cutters  are  stepped  2J  in.  successively  in  advance  of  one  another,  as 
shown  in  the  plan,  Fig.  1939 ;  and  the  bar  is  fixed  upon  the  working  cylinder  by  a  centre  pin  O 
and  set-screws  PP,  allowing  it  to  be  set  obliquely  in  plan  at  an  inclination  to  the  line  of  the 
stroke,  as  shown  by  the  dotted  lines  in  Fig.  1939.  By  this  arrangement  the  inclination  of  the 
cutters  to  the  work  can  be  slightly  increased  or  diminished,  according  as  may  be  required  by  the 
quality  of  the  coal,  so  as  to  obtain  under  all  circumstances  the  most  effective  action  of  the  cutters. 
The  width  of  their  cutting  edges  ranges  from  If  in.  in  the  cutter  at  the  outer  extremity  of  the  bar 
to  3  in.  in  the  cutter  nearest  the  working  cylinder ;  and  the  slot  cut  out  by  the  machine  is  there- 
fore of  the  slightly  tapered  form  shown  in  Fig.  1938. 

The  machine  is  mounted  on  four  double-flanged  wheels,  Fig.  1939,  running  on  rails  laid  for  the 
purpose.  The  rail  on  one  side  is  a  plain  wrought-iron  bar  Q  placed  on  edge ;  and  the  other  rail  B 
is  made  of  two  bars  placed  2  in.  apart,  with  a  series  of  cross-pins  at  li  in.  pitch,  forming  an  open 
rack-rail,  into  which  gears  a  pinion  S  worked  by  a  hand-wheel  T,  whereby  the  machine  is  advanced 
for  each  cut,  the  ordinary  amount  of  feed  being  1 }  in.  a  cut.  As  the  advance  is  given  by  hand  by 
the  man  working  the  machine,  any  number  of  strokes  can  be  given  by  the  tool  before  the  machine 
is  moved  forwards,  in  case  the  coal  is  too  hard  for  the  cutters  to  accomplish  the  full  depth  of  cut 
at  a  single  blow.  The  traversing  pinion  S  gearing  into  the  rack-rail  is  mounted  in  a  slide  on  the 
base-plate  M  of  the  machine,  whereby  it  can  be  raised  out  of  gear  with  the  rack  when  the  machine 
has  to  be  drawn  away  from  one  part  of  the  mine  to  another. 

The  pressure  of  the  air  working  the  machine  is  also  employed  for  steadying  it  against  the 


COAL-CUTTING  MACHINE.  967 

blows  of  the  tool,  so  as  to  ensure  the  full  effect  of  the  blow  being  expended  upon  the  coal  at  e*ch 
stroke;  otherwise  the  tool  would  be  liable  to  be  bent  or  broken,  and  the  work  would  be  im-ukr 
1  his  is  accomplished  by  means  of  two  vertical  cylinders  U  U,  each  8|  in.  diameter,  the  piston-rods 
of  which  stand  up  towards  the  roof  of  the  mine,  and  are  connected  toother  at  the  top  bv  a  h..ri- 
zontal  frame  V  carrying  a  grooved  wheel  at  each  end.  A  loose  iron  rail  on  a  wood  batten  \V  i* 
placed  above  the  grooved  wheels;  and  the  compressed  air  being  admitted  on  the  under-side  of  tho 
pistons  in  the  cylinders  U,  the  rail  is  pressed  up  against  the  roof  of  the  mine,  as  shown  in  Kim 
1937,  1938.  The  total  pressure  exerted  by  the  pair  of  cylinders  U  U  amount*  to  GSOO  Ibs.,  or  up- 
wards of  3  tons,  which  is  found  amply  sufficient  to  resist  the  blow  of  the  tool.  When  the  machine 
in  its  forward  traverse  has  arrived  at  the  end  of  the  roof-rail  W,  the  pressure  is  shut  off  from  tho 
cylinders  U,  and  the  air  is  let  out  from  them  through  cocks  opened  by  hand,  thus  lowering  the 
frame  V  as  shown  by  the  dotted  lines  in  Fig.  1937  ;  the  roof-rail  is  then  shifted  forwards  to  the 
extent  of  its  length,  and  the  pressure  being  readmitted  to  the  cylinders  U,  the  machine  is  again 
ready  for  continuing  its  forward  traverse  as  before.  The  pressure  exerted  against  tU  n>of  being 
elastic  allows  the  top  rail  to  accommodate  itself  to  any  irregularities  in  the  level  of  the  roof. 

In  working  this  coal-cutting  machine  at  the  West  Riding  Colliery  of  Pope  and  Pearson,  at 
Normanton,  it  was  observed  that  the  number  of  strokes  made  by  the  tool  was  from  75  to  80  a 
minute,  the  pressure  of  air  at  the  machine  being  from  65  to  70  Ibs.  a  square  inch  at  the  time. 
The  average  depth  of  the  cut  during  the  time  of  observation  was  about  2  ft.  9  in  ,  as  there  wan  a 
clearance  space  of  more  than  1  ft.  left  between  the  side  of  the  machine  and  the  face  of  the  coal, 
the  rails  not  having  been  laid  close  enough  to  the  face  of  the  coal.  The  width  of  the  cut  was 
about  2  in.  at  the  inner  end,  widening  to  about  3  in.  at  the  face  of  the  coal  ;  and  as  the  cut  was  in 
this  case  being  made  in  a  parting  of  dirt  of  about  the  same  thickness,  no  waste  of  coal  wns  pro- 
duced by  cutting  the  groove.  One  man  is  required  to  work  the  machine,  working  the  air-viil\i  K 
by  the  hand-lever  G,  Fig.  1937,  and  also  giving  the  feed  of  the  tool  by  the  hand-wheel  T  advancing 
the  machine  ;  and  from  three  to  five  strokes  were  given  by  the  tool  between  each  advance  of  tho 
machine,  for  completing  the  cut  to  the  full  depth  of  the  groove  ;  about  three  turns  were  then  givi-n 
to  the  traversing  hand-wheel,  advancing  the  machine  about  1  J  in.,  after  which  the  same  number  of 
strokes  were  again  given  with  the  tool.  The  cuttings  are  cleared  out  of  the  groove  by  a  man 
following  the  machine  with  a  narrow  curved  rake;  and  the  height  of  the  cutting  tool  in  the 
machine  is  regulated  occasionally,  according  to  the  slight  variations  in  the  level  of  the  parting  iu 
which  the  groove  is  made,  so  as  to  keep  the  tool  always  working  in  the  parting. 

The  width  of  the  groove  cut  by  this  machine  is  shown  in  Fig.  1938,  tho  width  at  the  fac«  of 
the  coal  being  not  more  than  about  3J  in.  in  holing  to  the  full  depth  to  which  the  machine  can 
work.  In  undergoing  by  hand  to  the  same  depth,  the  size  of  the  cut  is  as  shown  in  Fig.  1938, 
having  a  width  of  at  least  13  in.  at  the  face  of  the  coal,  making  the  whole  size  of  the  cut  about 
three  times  that  of  the  narrow  groove  excavated  by  the  machine,  which  is  shown  by  the  dotted 
line  in  Fig.  1938.  Supposing  the  machine  to  be  holing  in  the  solid  coal,  the  waste  produced  by 
the  undergoing  in  a  seam  of  5  ft.  thickness,  such  as  is  being  worked  at  the  West  Riding  Colliery, 
would  amount  to  only  about  4  per  cent.,  as  compared  with  about  12  per  cent,  waste  with  hand 
work.  An  estimate  of  the  absolute  quantity  of  waste  made  by  hand  work  in  good  seams  of  coal 
amounts  to  as  much  as  12  per  cent.,  the  whole  of  which  is  rendered  nearly  worthless  ;  and  taking 
the  whole  quantity  of  coal  raised  per  annum  in  this  country  at  100,000,000  tons,  the  waste  pro- 
duced in  undergoing  by  hand  labour  amounts  consequently  to  as  much  as  14,000,000  tons  a  year. 

The  compressed  air  for  working  the  machine  is  supplied  by  an  air-compressing  pump  of  18  in. 
diameter  and  2  ft.  10  in.  stroke,  worked  by  an  engine  that  is  employed  for  winding  coals  up  an 
incline  at  the  bottom  of  the  pit.  The  compressed  air  is  delivered  by  the  pump  into  a  large  nir- 
vessel,  3  ft.  diameter  aind  30  ft.  long,  from  which  it  is  conveyed  along  the  mine  by  n  wvoagttMvM 
pipe  2i  in.  diameter  and  J  in.  thick,  put  together  with  ordinary  screwed  sockets,  and  terminating 
in  a  portion  of  IJ-in.  pipe  and  a  long  length  of  flexible  tubing  of  the  same  size,  which  is  coiled  on 
the  floor  and  drawn  out  by  the  machine  as  it  advances  along  the  face  of  the  coal.  Great  difficulty 
was  originally  experienced  in  maintaining  the  pressure  of  the  air  at  the  machine  when  working  at 
considerable  distances  from  the  compressing  pump;  but  this  has  been  completely  obviated  by  Die 
introduction  of  a  second  smaller  air-vessel  at  the  working  face  where  the  machine  is  in  openiti..n. 
This  smaller  air-vessel  is  2  ft.  diameter  and  6  ft.  long,  and  is  mounted  on  wheels  for  the  conve- 
nience of  being  quickly  removed  to  any  part  of  the  mine.  The  air-compressing  pump  is  capat 
of  supplying  air  enough  for  working  three  of  the  coal-cutting  machines. 

T,v  the  adoption  of  compressed  ftir  as  the  medium  for  transmitting  the  power 
coal-cutting  machines,  the  important  collate™!  advantage  is  obtained  of  improved  v,  nt.l; 
the  working  faces     The  discharge  of  the  exhaust  air  from  tho  machines  delivers  a  supply  of 
air,  free  from  noxious  gas,  during  the  whole  time  that  the  nm.-hin-  is  <?•]£*:••*<••• 
of  the  discharged  air,  consequent  upon  its  expansion  at  tho  moment  of  liberation    hiu.  a  highly 
beneficial  effect  in  reducing  the  temperature  at  the  working  f««™.     D.mng    ho  trial  t 
Fernie  at  the  Tingley  Colliery,  a  shot  was  fired  at  a  nhort  distance  from  the  innrhino  for  bren 
down  amass  of  conl  ;  and  although  tho  smoke  at  first  completely  obecumltho  work  n«   totf 
the  machine,  the  whole  of  it  was  cleared  away  in  so  short  a  time  as  ^****>J* 
carried  off  bv  the  current  of  exhaust  air  discharged  from  the  mnrhme.     In  the  «»<*MJ  •« 
arising  from  accumulation  of  gas  in  the  goaf  or  elsewhere,  the,  means  of  nafoty  is  at  h 
only  necessary  to  detach  tho  india-rubber  sul--e  from  the  inurhmo   and  «li«* 
timious  r  in  the  reuired  dir 


necessary    o     eac  - 

us  iet  of  fresh  air  in  the  required  direction.  \vhereby  the  gas  IK  hj.eed.ly  di-j-  rwxl  *,. 
^l£»mcM«fe     Also,  as  the  underrnttm-  ,,f  the  coal  in  d,,,,«  HO  m.ir  .  quicker  l,y 
^SfShSta^SJw^  the  employment  of  the  7^n,»™«i™  .  «.»  1-r  • 


and  more  wholesome  for  the  colliers. 
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In  reference  to  the  greater  quantity  of  coal  that  is  got  by  the  use  of  the  machine  from  a  given 
length  of  working  face  in  a  given  time,  the  quantity  got  by  one  man  in  a  day,  including  under- 
cutting, breaking  down,  and  tilling  the  coal,  is  3  tons  when  undercutting  by  hand  labour,  assum- 
ing a  yield  of  1  ton  a  cubic  yard ;  and  taking  a  working  face  of  48  yds.  length,  the  four  men 
working  on  tliat  length  of  face  would  therefore  get  9G  tons  in  eight  days.  The  machine,  however, 
will  undercut  96  yds.  in  one  day,  and  this  quantity  would  then  be  broken  down  and  filled  in  by 
four  men  iu  two  days,  making  only  three  days  for  getting  the  96  tons  with  the  machine,  in  com- 
parison with  the  eight  days  required  for  hand  labour.  Hence,  with  the  machine,  as  much  coal 
can  be  got  from  18  yds.  length  of  face  as  from  48  yds.  by  hand  in  the  same  tiim •. 

In  regard  to  the'dauger  to  which  the  collier  is  exposed  in  holing  by  hand  labour,  from  the  risk 
of  the  coal  falling  down  and  crushing  him  while  lying  with  his  b<xly  inserted  partly  within  the 
groove  which  he  is  excavating,  it  is  evident  that  this  danger  is  entirely  removed  by  the  employ- 
ment of  a  machine  for  performing  the  holing,  as  the  men  are  altogether  clear  of  the  working  face, 
and  the  tool  alone  enters  the  groove  in  process  of  excavation. 

Hydraulic  Coal-cutting  Machine,  employed  at  Kippax  Colliery,  near  Leeds. — This  machine, 
Figa.  1944  to  1948,  ia  intended  to  take  the  place  of  manual  labour  in  nickimj,  or  ktn-ing,  or,  as  it 
is  called  in  Yorkshire,  baring  the  coal.  The  seam  of  coal  worked  at  Kippax  Colliery  is  the  well- 
known  Haigh  Moor  seam. 

Its  depth  from  the  surface  is  120  yds.,  and  its  section  is  as  follows:— 

Ft  In. 

Coal      38 

Band  of  hard  shale,  with  pyrites 02 

Coal      18 

Total  thickness 56 

The  roof  is  soft  shale,  containing  thin  beds  of  coal.  In  the  Kippax  and  surrounding  districts 
this  coal  is  worked  in  its  entire  thickness,  the  band  of  shale  having  thinned  out  to  2  in.,  as  above 
mentioned ;  but  at  Horbury,  three  miles  west  of  Wakefield,  the  Haigh  Moor  is  worked  in  two 
distinct  beds,  the  upper  and  lower  divisions  being  at  that  place  12  or  13  yds.  apart. 

T.  W.  Embleton,  speaking  in  1865,  observed  that  "the  band  at  Kippax  was  the  only  part  of 
the  seam  that  was  removed  by  this  self-acting  coal-cutting  machine.  The  direction  of  the  work- 
ings was  towards  the  rise  of  the  coal,  or  north  end,  as  it  is  locally  called." 

While  the  machine  proceeds  with  the  baring,  completing  the  work  at  once  going  over  it,  square 
pieces  of  wood  and  wedges  are  inserted  loosely  into  the  baring,  at  intervals  of  4  or  5  ft.,  to  keep 
the  coal  in  position  till  the  colliers  come  to  remove  it.  This  slight  support,  however,  does  not 
prevent  the  coal  so  bared  from  detaching  itself  from  the  unbared  part  of  the  bed.  The  line  of 
fracture  was,  in  the  case  referred  to,  a  few  inches  beyond  the  extremity  or  back  of  the  baring,  and 
in  one  even  straight  line. 

The  quantity  of  coal  obtained  for  every  yard  of  face  was  2  tons,  and  the  yield  of  small  coal 
produced  by  breaking  up  the  detached  coal  and  the  bottom  coal  was  about  8  per  cent. 

The  lower  division  of  the  coal  vras  blasted  with  gunpowder  in  the  usual  way. 

Water  wag  the  medium  employed  to  actuate  this  coal-cutting  machine,  and  water  being  for  all 
practical  purposes  incompressible,  its  full  power,  diminished  only  by  the  friction  of  its  passage 
through  the  pipes,  can,  therefore,  be  transmitted  and  applied  at  any  distance  from  its  source. 

This  self-acting  machine  consists  of  a  hydraulic  reciprocating  engine,  having  a  cylinder  of 
4$  in.  diameter  and  18  in.  stroke,  working  horizontally,  or  at  any  angle  to  suit  the  inclination  of 
the  coal,  or  at  any  required  height  above  the  floor.  The  piston-rod  ia  a  hollow  trunk  or  ram, 
into  which  is  fitted  a  cutter-bar  easily  removed,  carrying  three  or  more  cutting  tools.  The  cutting 
tools  can  be  adjusted  so  as  to  enter  the  coal  at  any  angle  with  the  line  of  the  face.  The  position 
of  the  cutting  tools  will  be  most  readily  understood  by  reference  to  Fig.  1944.  Although  the 
length  of  the  stroke  of  each  of  the  cutting  tools  is  18  in.,  the  practical  cutting  length  of  the  stroke 
into  the  coal  is  about  16  in.,  and,  consequently,  the  three  cutters  jointly  give  a  total  depth  of  4  ft. 
at  each  stroke.  The  cutting  cylinder  has  a  valve-motion,  which  is  self-acting ;  and  the  length  of 
stroke  of  the  tools  can  be  varied,  or  any  number  of  strokes  can  be  given  at  any  part  of  the  entire 
length  of  the  stroke.  The  cutting  action  of  the  tools  being  a  steady  push  or  thrust  without  any 
percussion,  it  is  necessary  that  the  machine  should  be  firmly  held  upon  the  rails  during  the 
cutting  stroke,  and  be  released  so  as  to  traverse  forward  at  the  end  of  the  return  or  back  stroke, 
and  this  rigid  fixing  of  the  machine  upon  the  rails  is  effected  by  means  of  a  vertical  self-acting 
holder-on,  which  is  a  prolongation  of  the "  piston-rod  of  another  cylinder,  mounted  upon  and 
becoming  part  of  the  machine  itself,  Fig.  1948. 

The  piston  of  this  cylinder  is  actuated  by  means  of  the  same  self-acting  valve-motion  as  that 
of  the  cutting  cylinder,  and  the  holder-on  is  retained  in  its  dead-fast  position  by  means  of  a  small 
keep-valve,  which  retains  the  water  during  the  cutting  stroke.  At  the  return  or  back  stroke  the 
valve-motion  opens  the  keep-valve  and  releases  the  water,  thus  enabling  the  holder-on  F  to 
descend  and  to  slacken  its  pressure  against  the  roof,  and  thus  the  machine  is  free  to  traverse  upon 
the  rails  the  requisite  distance  for  the  next  cut.  This  traversing  or  progressive  motion  is  also 
self-acting.  For  this  purpose  a  chain  is  made  fast  ahead,  close  upon  the  floor,  and  passes  over  a 
grooved  pulley  on  the  machine,  which  gets  the  necessary  bite  upon  the  chain.  This  pulley  makes 
part  of  a  revolution,  to  suit  any  length  of  traverse,  at  the  moment  when  the  cutter-bar  is  complet- 
ing its  back-stroke. 

The  amount  of  feed  or  distance  of  cut  is  easily  adjusted,  and  the  self-acting  traversing  power 
is  sufficient  to  move  the  machine  upon  skids,  where  they  are  found  to  be  more  convenient  than 
wheels. 

Unless  the  cutting  tools  complete  a  full  stroke,  the  traverse-motion  does  not  come  into  opera- 
tion, but  the  tool  will  continue  to  cut  in  the  same  place  until  the  full  stroke  is  completed,  and  then 
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only  will  the  traverse-motion  come  into  notion;  thus  the  bnck  of  the  baring  is  always  parallel 
with  the  mil  upon  which  the  machine  travels,  thereby  causing  the  coal  to  break  oil'  iu.  one 
uniform  line. 

The  cutting  tools,  Fig.  194C,  nro  of  a  form  easy  of  construction,  and  are  very  strong,  and 
capable  of  penetrating  hard  material  with  little  risk  of  breaking.  The  cutting  edge  is  nearly  a 
J  in.  thick,  ami  any  or  all  of  the  cutters  can  lie  removed  and  replaced  in  a  few  moments. 

The  machine  can  be  adapted  to  any  gauge  in  use  for  the  roads  of  the  mine,  and  is  easily 
moved  from  place  to  place  on  its  four  wheels.  The  supplementary  wheels  at  each  end  are  used 
only  when  in  operation,  in  order  to  secure  a  greater  base. 

The  water  pressure  by  which  the  machine  is  actuated  is  produced,  in  this  instance,  by  an 
engine  placed  at  the  bottom  of  the  shaft. 

The  cylinder  of  this  engine  is  14  in.  diameter  ;  stroke,  2  ft.  3  in.  Attached  to  the  engine  ar« 
*o  double-action  pumps  of  4J  in.  diameter,  and  12  in.  stroke.  These  are  capable  of  maintaining 
a  pressure  of  MO  Ibs.  a  square  inch. 

1911. 


When  the  machine  is  not  working,  the  engine  regulates  its  own  speed  accordingly,  and  is 
further  used  for  forcing  water  out  of  the  mine  to  the  surface.  When  convenient,  the  water  pres- 
sure may  be  obtained  from  any  pumping  engine  on  the  mine,  by  connecting  the  supply-pipes  with 
the  ordinary  pumps,  thus  obviating  any  special  outlay  of  capital  for  the  moving  power.  The 
machine  when  working  makes  25  strokes  per  minute,  and  uses  40  gallons  of  water. 

The  water  is  conveyed  from  the  engine  to  the  machine  chiefly  by  2-in.  wrought- iron  pipes,  the 
remainder  being  l£-in.  bore.  The  total  length  of  these  pipes  is  about  600  yds. 

To  allow  the  machine  to  traverse  on  the  rails,  it  is  connected  to  the  ij-in.  pipes  by  means  of 
an  india-rubber  tube  of  the  same  diameter.  This  tube  will  bear  a  pressure  of  500  Ibs.  to  the 
square  inch.  The  wrought-iron  pipes  are  the  ordinary  butt-welded  steam-tubes,  tested  to  a  pres- 
sure of  500  Ibs.  to  the  square  inch.  They  are  used  in  preference  to  cast-iron  pipes,  because  they 
occupy  little  space,  are  easily  screwed  together  and  bent,  and  will  accommodate  themselves  readily 
to  the  varying  floor  of  the  mine,  with  no  risk  of  breakage  or  leakage. 

The  exhausted  or  waste  water  is  conveyed  away  from  the  machine  by  2J-in.  india-rubber  hose, 
and  by  2-in.  ordinary  gas-tubes,  to  the  place  whence  it  was  forced,  and  thus  a  very  small  quantity 
of  water  is  required  to  work  the  machine,  namely,  as  much. as  is  necessary  to  fill  the  circuit  of 
the  pipes.  The  water  may  be  used  over  and  over  again  as  in  the  ordinary  hydraulic  press. 
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The  pressure  at  the"  engine  is  80  Ibs.  in  excess  of  that  at  the  mnchinc  when  workin*  at 
"20  strokes  per  minute.  Whenever  the  cutting  tools  meet  with  any  extra  reeutanee,  the  retarded 
speed  allows  this  pressure  to  equalize  itsel  f,  nhd  thus  overcome  any  obstacle. 

The  amount  of  pressure  used  for  working  the  machine  varies  from  150  Iba.  to  300  llw.  an  inch. 
according  to  the  hardness  of  the  material  to  be  cut. 

Fig.  1944  is  a  ground  plan  when  in  working  position,  angle  ann  neignt  adjustable.  P  bolder- 
on  or  feeder,  /  traverse  chain.  D,  self-acting  valve-motion.  X  Z  H,  self-acting  traverse  movement. 
N,  guide-bar  and  roller.  A  A  A,  total  depth  cut  at  each  stroke ;  stroke  of  each  cutting  tool 
1  ft.  6  in. ;  total  stroke  4  ft.  B,  stem  of  cutters. 

Fig.  1946,  details  of  cutters. 

D  C,  Fig.  1945,  section  through  valve-chest. 

D  K,  Fig.  1948,  sectional  end  view  taken  through  W  W,  Fig.  1944.    Y,  elevating  screw. 

Fig.  1947,  end  view  in  working  condition,  cutting  at  an  angle. 

COAL  MINING.  FB.,  Exploitation  de  hovillere;  GEB.,  Berybau ;  ITAL.,  Arie  dtt  otvofcrv  di 
litantrace  ;  SPAN.,  Extraction  de  carbon  de  piedra. 

Parkin  Jeffcock,  in  a  paper  published  in  the  'Proceedings  of  the  Inst.  of  M.  FL,'  18C2,  ably 
examined  this  subject,  and  applied  hia  reasoning  to  the  general  features  of  the  South  Yorkshire 
district  with  reference  to  the  circumstances  affecting  mining  engineering. 

The  accompanying  general  plan,  Fig.  1949,  given  by  Jeffcock,  represents  that  portion  of  too 


Coal-field  < 
Collieries  • 
Blast  Furuai.cs 


Fault* 

Kailwara 

Iiivei»  and  Cauak 


972 


COAL  MINING. 


/ 


~   o 

.as  g 
S3 


<? 


Yorkshire  coal-field  which  is  more  particularly  called  the  Pouth  Yorkshire  district;   extending 

from  Sheffield  on  the  south  to  Wakefleld  on  the  north  about  25  miles,  and  from  west  to  east  about 

20  miles  altogether,  on  either  side 

of  Barnsley.    The  plan  shows  the 

general    extent    of  the  coul-fit  Id, 

indicated   by  the  shaded  portion ; 

the  outcrops  of  two  of  the  prin- 
cipal seams  of  coal,  the  Silkstono 

and  the  Purkgato  seams:  the  posi- 
tions of  the  principal  faults:   the 

localities  of   the  more    important 

collieries  and  iron-works;  and  the 

lines  of   railway  and  water  con- 
veyance. 

The    horizontal    section,    Fig, 

1950,     which     is     reduced     from 

Thorpe's  published  section,  is  taken 

through  Barnsley  along  the  dotted 

line  WE  upon  the  plan,  Fig.  1949, 

extending  from  the  millstone  grit 

on  the  borders  of  Derbyshire  on 

the  west  to  the  eastern  boundary 

of  the  coal-field  at  E. 

The  vertical  section,  Fig.  1951, 

represents  the  position  and  thick- 
ness of  the  principal  beda  of  coal 

and  mines  of   ironstone,   as  they  ~S 

were  proved  by  borings  at  Wath 

Wood,  near  Lundhill  Colliery,  on 

the  plan,   Fig.   1949.     Five  beda  O 

of  coal,  between  the  Woodmoor 
seam  and  the  Kent's  Thin  seam, 
do  not  occur  at  this  place ;  a 
second  vertical  section,  Fig.  1952, 
is  therefore  placed  alongside, 
showing  these  beds  in  their  cor- 
responding position  as  they  were 
proved  in  sinking  at  the  Oaks 
Colliery,  near  Barnsley,  Fig. 
1949. 

The  South  Yorkshire  coal-field 
is  a  continuation  northwards  of 
the  Derbyshire  coal-field.  On  the 
east  it  is  bounded  by  the  over- 
lying and  unconformable  magne- 
sian  limestone  and  Permian  strata, 
and  the  extent  of  the  coal-mea- 
sures in  this  direction  is  yet  un- 
proved. On  the  west  the  millstone 
grit  rocks  crop  out,  forming  the 
bleak  moors  of  North  Derbyshire ; 
and  the  coal-measures  extend 
northwards  and  constitute  the 
North  Yorkshire  coal-field.  The 
general  dip  of  the  coal  strata  is 
from  west  to  east  at  an 
average  angle  of  1  in  9; 
this,  however,  is  much 
modified  in  many  locali-  u 

ties   by  main  faults,  the  .£ 

principal  of  which  are 
shown  on  the  plan,  Fig. 
1949,  by  the  strong  black 
lines.  The  total  num- 
ber of  coal  seams  is  very 
great,  as  shown  in  the 
vertical  section,  Fig.  1951, 
and  many  of  them  have 
been  worked  in  various 
localities. 

The  following  are  the 
principal    seams    of    coal 
in  their  geological  order, 
with  their  average  thick-       " 
ness:—  "• 
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1.  Wath  "Wood  or  Mack  scam 4  ft  6  in.  thick. 

2.  Coal,  no  name 38        „ 

3.  Woodmoor  seam       3      0 

4.  Winter  seam     5      4 

5.  Upper  Beamshaw  seam 4      g 

6.  Lower  Beamshaw  seam 2      2 

7.  Kent's  Thin  seam 27        „ 

8.  Kent's  Thick  or  High  Hazel  seam       5      0        „ 

9.  Barnsley  Thick  seam      8ft.  C  in.  to  9      0        „ 

10.  Swallow  Wood  seam        50  „ 

11.  Howard  or  Flockton  seam     50  „ 

12.  Fenton's  Thin  seam        23  „ 

13.  Parkgate  or  Chapeltown  seam      6      9  „ 

14.  Thorncliffe  Thin  seam 26  „ 

15.  Four-foot  seam,  variable        4      0  „ 

1G.  Silkstone  or  Sheffield  seam 5      0  ,, 

17.  Charlton  Brook  or  Mortomly  seam      8      0  „ 

The  most  important  seam  of  the  series  is  the  Barnsley  Thick  coal,  •which,  under  the  name  of 
the  Main,  or  Top  Hard  coal,  has  been  very  extensively  worked  in  Derbyshire.  In  the  S-uth 
Yorkshire  district  its  average  thickness  is  about  8  ft.  6  in.,  but  the  thickness  varies  exceedingly 
i9M.  i9sr  at  different  places. 

It  in  moot   fully  de- 
ft, in.  Surface.  Yards.  Veloped  in  the 

Coal    2   Oiii,iiM..mM*iHii.  vTmn 1  j  bQUBBOOdfll 

but  extends 
the  greater  part  of  — 
wathmwdoosj.  district,  and  baa  been 
principally     worked 
at  Woolley,  Gawber, 
The  Oaks,  Edmund's 
Main,        Wombwell 
Main,  Darley  Main, 
Elsecar,  Warren  Vale, 
Eawmnrah,  Hoyland. 
.Thin ooai.  LundhiU,  Mount  Oa- 
borne,      Thryburgh, 
The  hard  coal  from  this 


f  r>  o 

Pankersley  ironstone  <  6  0 

Ironstone    4  0 

Flockton  coal    5  0 

Coal 

Sh-ile  with  ironstone  50  8 

Fenton's  Thin  .oil    2  9 
Coal    1 


(..-.I. 

Winter  coal. 
Coals. 

Beamsbaw  cool. 


Dar field,  and  Car  House.    

is  in  great  repute  for  steam  purposes,  and  stood  high 
at  the  trials  made  at  Woolwich  in  1851  relative  t  -  tho 
value  of  steam  coals.  North  of  Woolley  the  Banutley 
Beam  is  subdivided  into  two  or  throe  others,  which  are 
worked  in  the  neighbourhood  of  Normanton  under  dif- 
ferent names.  In  Derbyshire  it  api>earB  to  the  best  ad- 
vantage at  the  large  works  of  Mr.  Barrow,  at  StaTcley, 
where  it  is  known  as  the  Staveley  Hard  coal,  which 
has  been  extensively  used  for  steam  purpose*  and  in 
the  manufacture  of  iron. 

The  Swallow  Wood  seam  occurs  about  i 
below  the  Barnsley  Thick  coal,  its  thickness  varying 
from  3  ft.  4  in.  to  (i  ft.    It  has  been  worked  o 
very  limited  extent,  principally  at  Swallow  Wood,  M 
is  known  in  Derbyshire  as  the  Dunsil  or  OldgreaTea 
coal,  lying  there  about  30  yda.  below  the  Top  Hard 

Ike  Parkgate  or  Thornrliffo  Thick  Sfam  occurs  at 
an  average  depth  of  219  yds. below  ^a*^**"* 
and  has  been  chiefly  worked  at  rarkgate,T 
and  Pilley.    Ita  average >  tWctoesi iia, 5  ft.  6  in .  I 
the  thicknesB  raries  cowidcrably  from  4 
about  C  ft.    Iti.kiiownMtheBotto«8oftc«.lin 
Derbyshire,  wh-n-  it  l.asbeen 


Yell 


"  3       ""rC^Santa^a^^-w 

SUk.tonecc.1    .    ofe  SSjSE,  »   t^\    ^    J*>  ™£  **  £«*«* 

its  thickness  is  fn,n  t:  ft.  «!  m.  to  8  ft,  a»d  ft  has  baan 
principally  worked  at  Thorncliffe,  Pill*y,  * 
Tl,.  Si'lk.-tone  or  Fhoffleld  w»ni  He*  abn 

. below  the  Thon.rliflV.  Tl.in.  and  hM< an  aw   t*,*^ 

ness  of  about  5  ft.    It  is  a  very  well  defined  scam,  and  may  be  taJ 
identifying  the  position  of  the  other  beds.    It  >>«  ba*n  wi» 


competing  with  the  celebrated  Hetton 
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id  vnluo  for  stenm  purposes  of  the  Barnsley  Thick  coal  from  Darley  Main,  West  Hartley  coal 
om  Newcastle,  and  Welsh  coal  from  Merthyr  Tydvil,  the  total  weight  of  water  evaporated  in  each 


and 

case  was  24,960  Ibs.,  and  the  evaporation  a  Ib.  of  coal  was  8 '10  Ibs.  by  the  Barnsley  Thick  and 
West  Hartley  coals,  and  8  "25  Ibs.  by  the  Merthyr  coal.  Trials  were  also  made  of  the  Barnsley 
Thick  coal  in  1858  at  Doncaster,  on  the  Great  Northern  Eailway,  when  the  evaporation  obtained 
waa  7-64  Ibs.  of  water  a  Ib.  of  coal,  the  total  weight  of  water  evaporated  being  448,281  Ibs.,  and 
the  coal  used  being  a  mixture  of  steam  coal  and  house  fire  coal,  consumed  under  Cornish  boilers, 
working  at  a  pressure  of  45  Ibs.  The  Barnsley  Thick  coal  lights  easily,  burns  freely,  and  raises 
>t  :un  rapidly.  It  produces  only  a  very  small  quantity  of  white  ashes  and  cinders,  giving  little 
trouble  to  the  stokers,  and  the  less  it  is  disturbed  the  better;  it  does  not  clog  or  adhere  to  tho 
bars,  and  makes  no  slag,  maintaining  a  good  clear  lire  with  little  sulphur.  It  is  a  most  econo- 
mical coal  for  marine  engines,  and  in  using  it  a  light  thin  fire  is  particularly  recommended. 

The  mines  of  ironstone  occur  between  the  Barnsley  Thick  coal  and  the  Silkstone  coal,  as 
shown  in  the  vertical  section,  Fig.  1951. 

The  first  mine  of  importance  is  the  Swallow  Wood,  about  60  yds.  below  the  Barnsley  Thick 
coal,  which  has  been  principally  worked  at  Milton  for  the  supply  of  the  furnaces  there.  It  consists 
of  three  measures  of  ironstone  ;  and  an  analysis  of  a  sample  of  the  ore  by  Spiller,  of  the  Geological 
Museum,  gave  26 '79  as  the  percentage  of  metallic  iron. 

The  Lidgate  mine,  next  below  the  Swallow  Wood,  has  been  extensively  worked  at  Milton, 
Tankersley,  and  Thorncliffe. 

The  Taukersley  mine  is  usually  found  about  50  yds.  below  the  Lidgate,  and  is  called  also  tho 
Musselband  ironstone,  from  the  number  of  fossil  shells  it  contains.  It  has  been  worked  chiefly  at 
Tankersley,  and  yields  about  1500  tons  of  ironstone  an  acre. 

The  Thorncliffe  Black  mine  lies  about  70  yds.  below  the  Tankersley ;  it  is  worked  principally 
nt  Parkgate,  and  used  in  the  furnaces  at  MUton  and  Elsecar ;  and  an  analysis  by  Spiller  gave 
3t  •  16  per  cent,  of  metallic  iron. 

The  Thorncliffe  White  mine  lies  immediately  below  the  Parkgate  seam  of  coal,  and  consists  of 
three  measures,  containing  about  32  per  cent,  of  metallic  iron,  and  yielding  about  1500  tons  of  ore 
to  the  acre.  It  has  been  worked  principally  at  Parkgate  and  Thorncliffe,  and  was  formerly  worked 
extensively  at  the  Holmes. 

Tho  lowest  mine  is  the  Clay  Wood  or  Black  mine,  consisting  of  three  measures,  containing 
about  32  per  cent,  of  iron  and  yielding  about  1600  tons  of  ore  the  acre.  It  has  been  got  to  a  great 
extent  at  Thorncliffe,  and  is  identical  with  the  Black  Shale  or  Stripe  Kake  of  Derbyshire,  which  is 
so  much  prized  by  the  ironmasters  of  that  county. 

The  principal  iron-works  of  the  South  Yorkshire  district  are  at  Parkgate,  Holmes,  Milton, 
Elsecar,  and  Thorncliffe,  in  blast ;  and  at  Chapeltown  and  Worsborough,  out  of  blast. 

The  modes  of  working  the  coal  in  the  South  Yorkshire  district  may  be  considered  as  modifica- 
tions of  the  long-wall  system,  so  extensively  and  successfully  practised  in  the  Midland  counties. 
The  pillar-and-stall  mode  of  working  adopted  in  the  North  of  England  has  not  been  much  used  in 
South  Yorkshire ;  and  the  long- wall  system  being  principally  confined  to  the  Midland  counties, 
the  South  Yorkshire  system  of  working  may  be  regarded  as  a  combination  of  the  two.  Where  the 
circumstances  are  favourable,  the  long-  wall  system  is  being  extended  in  the  Yorkshire  coal-field  ; 
and  wherever  it  can  be  adopted,  it  is  to  be  recommended,  on  account  of  the  simplicity  of  arrange- 
ment both  for  working  and  ventilation,  and  also  as  being  the  most  economical  method  of  getting 
the  coal. 

The  principal  modes  of  working  the  coal  adopted  in  Yorkshire  are  the  Narrow  Work,  Long 
Work,  Bords  and  Long  Work,  Wide  Work,  and  Bank  Work.  These  are  shown  in  the  ideal  dia- 
grams, Figs.  1949  to  1968.  They  can  be  represented  only  by  ideal  plans,  because  none  of  them 
are  carried  out  in  their  integrity  at  any  collieries  in  the  South  Yorkshire  district ;  and  in  some 
instances  one  mode  is  adopted  in  one  part  of  the  workings,  and  another  elsewhere  in  the  same 
colliery.  These  different  systems  of  working,  some  of  which,  however,  are  falling  into  disuse,  have 
been  rendered  necessary  by  the  variable  nature  of  the  roofs  and  floors  of  the  coal  seams  in  the 
South  Yorkshire  district.  Tho  same  reference  letters  are  used  throughout  all  the  diagrams. 

Fig.  1953  is  a  plan  of  the  mode  of  working  by  Narrow  Work,  on  the  end  of  the  coal.  P  is  the 
downcast  pit,  and  B  the  main  bord  (road  cut  transversely  to  the  grain  of  the  coal,  against  the  face 
of  the  coal),  from  which  pairs  of  headings  or  endings  E  E  (roads  cut  against  the  end  of  the  coal, 
lengthways  of  the  grain)  are  driven  at  intervals  of  about  30  yds.  When  these  endings  have  been 
carried  to  the  requisite  distance  on  either  side  of  the  main  bord  B,  a  communication  is  made 
between  their  extremities,  and  the  coal  is  worked  by  short  faces  homewards,  as  shown  at  W  W. 
The  whole  of  the  coal  being  thus  got  out,  the  roof  is  allowed  to  come  down  in  the  goaf  as  the 
working  progresses,  being  temporarily  kept  up  immediately  behind  the  working  faces  by  props  or 
puncheons,  which  are  afterwards  withdrawn  successively  and  shifted  forwards.  U  is  the  upcast 
shaft,  and  F  the  ventilating  furnace.  The  main  current  of  fresh  air  from  the  downcast  pit  P  is 
carried  up  the  main  bord  B  and  along  the  farthest  pairs  of  endings  E,  as  shown  by  the  arrows, 
and  is  then  passed  through  the  face  of  the  workings  W.  The  course  of  the  air  is  determined  by 
stoppings  S  built  to  block  up  the  various  crossgates  between  the  bords  and  endings ;  and  by  doors 
D,  through  which  the  coal  is  brought  down  to  the  shaft  from  the  workings  W,  and  from  the 
endings  E  that  are  in  process  of  being  driven.  At  C  is  an  air-crossing,  where  the  current  of  foul  air 
proceeding  from  the  workings  to  the  upcast  shaft  U  crosses  over  the  current  of  fresh  air  entering 
the  mine  from  the  downcast  pit  P.  At  E  E  are  regulators  to  control  the  quantity  of  air  passing 
through  each  portion  of  the  mine  ;  when  these  are  closed,  the  whole  of  the  fresh  air  has  to  pass 
through  the  workings  before  reaching  the  upcast  shaft;  but  when  they  are  opened,  i  portion  of  the 
air  finds  a  shorter  course  through  the  regulators  direct  to  the  upcast  shaft,  and  a  smaller  quantity 
of  air  therefore  passes  through  the  workings.  This  mode  of  working  is  falling  into  disuse  in 
Yorkshire,  and  is  seldom  adopted  except  under  special  circumstances,  where  the  coal  is  of  a  soft 
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There  are  two  modes  of  Long  Work,  the  first  of  which  is  shown  in  Fig.  1954.  This  and  all 
the  subsequent  modes  of  working  are  on  the  face  of  the  coal,  the  workings  W  being  carried 
forwards  transversely  to  the  grain  of  the  coal,  against  the  face  of  the  coal,  instead  of  against  tbo 
end  of  the  coal  as  in  the  previous  narrow  work.  In  Fig.  1954  it  will  be  seen  that  there  is  a  long 


1954. 


face  of  work  in  progress  at  once  in  each  portion  of  the  mine :  the  workings  are  started  frmn  the 
main  headings  or  endings  E,  and  the  coal  from  the  working  faces  is  brought  down  through  the 
goaf  by  means  of  packed  roads  G,  shown  by  the  strong  black  line*,  the  walls  of  which  art  bnUt 
up  of  rock  and  shale;  the  packed  roads  are  carried  forwards  continuously  as  the  working  fwvs 
advance.     The  fresh  air  from  the  downcast  shaft  passes  along  the  endings  E  and  the  p»rk.  <1 
roads  G  up  to  the  working  faces  W,  and  thence  by  the  bords  B  to  the  upcast  shaft  U,  as  s 
by  the  arrows,  the  regulators  B  R  controlling  the  ventilation  in  each  portion  of  the  •  <•*•£• 
At  H  H  are  doors  or  stoppings  with  apertures  to  allow  of  passing  some  of  the  air  through  U 
packed  roads  G  in  the  goaf,  according  as  may  be  required  to  keep  them  clear  of  gas. 

In  the  second  mode  of  Long  Work,  shown  in   I  the  workings  are  SUM 

separate  lengths  of  face  by  the  pillars  L  being  left  between  them  at  first,  about  80  JO* 
L  the  workings  have  been  carried  forwards  as  far  as  intended,  the  intervening  pill 
worked,  beginning  from  the  farther  end  and  working  backwards,  as  reen  at  A,  wbenbj 
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the  current  of  nir  ia  always  kept  tip  against  the  pillar  face  A  until  the  whole  pillar  is  removed. 
The  packed  roada  G  are  required  for  bringing  out  the  coal  through  the  goaf  in  this  plan  of 
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working,  the  same  as  in  the  first  mode  of  long  work ;  the  strong  dotted  lines  through  the  goaf  in 
the  neighbourhood  of  the  pillar  working  A  show  packed  roads  that  are  no  longer  required  to  be 
maintained,  and  have  been  abandoned.  The  course  of  the  air  is  shown  by  the  arrows. 

The  mode  of  working  by  Bords  and  Long  Work  is  shown  in  Fig.  1956.  Here  pairs  of  bords  B  B 
are  driveo^-om  the  main  heading  or  ending  E,  at  intervals  of  about  20  yards ;  and  when  they  have 
reached  the  extreme  distance  intended,  the  whole  of  the  intervening  coal  is  worked  homewards, 
downhill,  and  is  brought  out  from  the  working  face  W  through  the  bords  B.  In  bords  and  long 
work,  therefore,  the  bords  form  a  marked  feature  in  the  system,  being  driven  to  the  extreme  extent 
in  the  first  instance,  as  shown  in  the  right-hand  half  of  the  plan,  Fig.  1956,  before  the  working  of 
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the  whole  coal  is  commenced ;  and  when  this  has  been  begun,  as  shown  in  the  left-hand  half  of  the 
plan,  no  packed  roads  are  required  in  the  goaf  for  bringing  out  the  coal  from  the  working  face,  but 
the  coal  is  brought  down  through  the  bords  themselves,  which  are  thus  not  obliterated  till  all  the 
coal  is  won,  but  remain  of  service  to  the  last.  In  the  previous  modes  of  long  work,  on  the  contrary, 
shown  in  Figs.  1954, 1955,  the  progress  of  the  work  is  in  the  opposite  direction,  uphill,  and  the  face 
of  work  is  opened  without  driving  bords ;  and  accordingly  packed  roads  are  required  to  be  maintained 
through  the  goaf  for  bringing  down  the  coal  from  the  working  face.  The  course  of  the  air  is  shown 
by  the  arrows  in  Fig.  1956,  and  the  air  regulator  is  placed  at  R:  but  in  bords  and  long  work 
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there  is  no  need  of  any  arrangement  for  coursing  part  of  the  air  through  the  goaf,  as  u  required  in 
long  work. 

In  the  Wide  Work  method,  shown  in  Fig.  1957,  the  coal  is  got  in  banks  W  about  60  yd*,  long. 
each  subdivided  into  bords  7  or  8  yds.  wide,  separated  by  pillars  of  an  average  thicknoM  of  ly«L, 
as  shown  by  the  thick  black  lines  in  the  goaf.  Crossgates  K  are  made  to  the  main  roads  B  at 
suitable  intervals,  according  to  the  state  of  the  atmosphere  in  the  mine  and  the  ventilation.  For 


ventilating  the  workings  the  current  of  air  is  passed  up  the  farthest  bord  B,  across  the  face  of  the 
work  in  the  first  bank  W,  and  out  at  the  other  end  of  the  bank ;  it  is  then  carried  forwards  np  the 
intervening  pillar  bord  B  to  the  next  bank,  and  across  the  working  face  in  the  same  manner,  as 
shown  by  the  arrows.  This  method  of  working  is  now  being  abandoned  where  poa&ible  for  the 
long-wall  system. 

In  the  Bank  Work,  shown  in  Fig.  1958,  the  coal  is  got  in  banks  W  about  60  yds.  longj  as  in  the 
last  mode,  but  each  bank  is  worked  all  in  one  length  without  any  intermediate  pillars  being  left  in 
each  bank.  The  method  of  ventilation  is  the  same  as  in  wide  work,  as  shown  by  the  arrows.  The 
mode  of  working  by  single  bords  B,  as  in  both  bank  work  and  wide  work,  instead  of  by  pairs  of 

1958. 
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excavated  at  one  operation.  The  ventilation  of  the  mine  is  at  the  same  time  considerably  simplified 
the  current  of  air  having  altogether  a  shorter  and  less  tortuous  course  to  follow  from  the  downcast 
ehafts  P  to  the  upcast  U,  as  shown  by  the  arrows.  The  thick  dotted  line  M  M  shows  the  position 
of  a  fault  in  one-  portion  of  the  mine,  and  the  workings  are  therefore  laid  out  at  that  part  conform- 
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ably  with  the  course  of  the  fault.  By  the  long-wall  system  a  working  face  of  430  yds.  is  here 
obtained  in  a  single  length  without  interruption,  as  shown  at  W ;  and  in  the  lower  portion  of  the 
workings  along  the  fault  MM  another  face  has  been  opened  of  the  same  total  length,  but  divided 
into  two  shorter  faces  by  a  pillar  bord,  for  safety  and  convenience  of  working  in  the  neighbourhood 
of  the  fault,  the  intervening  pillar  being  removed  before  that  portion  of  the  mine  is  abandoned. 

Various  supports  for  the  roof  are  used  in  the  Yorkshire  seams :  wooden  props  or  puncheons  are 
adopted  in  some  cases;  in  others,  piles  of  wooden  blocks  called  chocks  or  clogs;  and  in  others,  packs 
of  rock  and  shale.  Cast-iron  puncheons  also  are  now  being  extensively  introduced,  one  of  which 
is  shown  in  Figs.  1965,  1966. 


1960. 


1965. 

o 

v 
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e  a  n  y  40  so  to  TO  n  K^i 
1962. 


1963. 


1964. 


Two  of  the  greatest  difficulties  that  have  to  be  contended  with  in  mining  are  Water  and  Gas. 
With  regard  to  Water,  the  mines  in  the  South  Yorkshire  district  are  not  in  general  heavily  watered 
in  comparison  with  other  mining  districts ;  the  workings  nearer  the  outcrops  or  bassets  of  the  seams 
are  generally  more  watered  than  the  rest.  Except  in  some  special  instances  there  are  few  collieries 
where  large  pumping  engines  are  required :  lift  pumps  are  used  exclusively,  and  even  tubbing  has 
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scarcely  ever  been  resorted  to.    A  remarkable  inundation  occurred  in  18C1  at  the  WonlW  rvnt 
at  Darton,  near  Barnsley,  Fig.  1949,  which  is  working  the  Barnsley  Thick  coal  •  thecoalijid 
up  a  long  inclined  plane  extending  from  the  outcrop  of  the  Bamsley  Thick  seam  and  followinTtne 
dip  of  the  seam  ;  and  the  water  is  raised  by  means  of  flat  pumps.    On  the  13th  April  1861 
S,r,U§tl0™°f  WatteJ"  infto  the,work{ngs  took  place,  to  such  an  extent  that  they  werealmost  entirch 
filled.    The  water  entered  through  a  fissure  in  the  overlying  rock,  which  is  of  considerable  thick" 
and  is  full  of  cracks  and  nssures  towards  its  outcrop.    It  is  probable  that  a  large  amount  of  he* 
or  drainage  water  had  accumulated  in  these  fissures  while  they  remained  closed  and  that  ther 
afterwards  became  opened  by  subsidence  of  the  strata  in  consequence  of  the  working  of  the  coal  • 
the  water  was  found  to  be  drawn  away  from  a  well  in  the  rock  at  the  surface  170  yds.  above  the 
coal.     The  accumulation  of  water  must  have  been  very  great,  as  it  continued  rising  in  the  day  drift 
a  fortnight  after  the  inundation  had  occurred,  at  the  rate  of  more  than  1  ft.  an  hour,  although  a 
double  10-in.  pump  had  been  kept  continuously  at  work ;  but  its  rise  was  subsequently  stopped 
by  additional  pumping  power. 

In  the  amount  of  Gas  generated  by  the  different  seams  of  coal  there  are  great  variations.  The 
most  terrible  explosions  have  taken  place  in  the  Barnsley  Thick  coal,  especially  at  the  Darley  Main 
Colliery,  the  Oaks,  Warren  Vale,  and  Lundhill ;  the  Barnsley  Thick  and  Silkatone  seam*  being 
specially  liable  to  sudden  and  powerful  emissions  of  gas.  The  ventilation  ia  produced  by  a  furnace 
shown  in  Figs.  1960  to  1963,  situated  at  F  iu  the  diagrams,  Figs.  1954  to  1958,  at  the  bottom  of  the 
upcast  shaft  U,  by  which  a  fresh  current  of  air  is  kept  continuously  flowing  through  the  mine,  so 
that  any  gas  issuing  from  the  coal  is  speedily  diluted  and  rendered  harmless.  For  distributing  the 
air  through  the  workings,  the  stoppings  S,  doors  D,  and  regulators  R  are  arranged  in  proper  place*. 
The  division  of  the  air  into  separate  splits,  each  of  which  ventilates  a  distinct  portion  of  the  working* 
by  means  of  the  crossings  or  overcasts  C,  and  the  "  scale  doors"  or  regulators  R,  maybe  considered, 
if  properly  carried  out,  one  of  the  best  preventives  of  explosions  in  these  very  fiery  South  Yorkshire 
mines.  All  the  return  air  should  be  conducted  into  the  upcast  shaft  by  a  dumb  drift  N,  Fig*.  1960 
to  1963,  so  as  not  to  pass  through  the  fire  of  the  furnace ;  and  the  underground  furnaces,  whether 
closed  or  otherwise,  should  be  fed  with  nothing  but  fresh  air  direct  from  the  downcast  shaft. 

At  some  of  the  mines  in  the  district,  belonging  to  Fitzwilliam,  large  fans  driven  by  steam  power 
have  been  substituted  for  the  furnace  generally  used  elsewhere ;  they  are  a  simple  and  efficient 
means  of  mechanical  ventilation,  well  worth  the  consideration  of  all  interes-ted  in  mining,  and  have 
now  been  continuously  working  with  complete  success  for  several  years.  In  the  early  periods  of 
mining  the  only  ventilation  was  the  natural  ventilation,  the  current  of  air  through  the  working* 
being  produced  simply  by  the  colder  and  denser  air  from  the  downcast  shaft  displacing  the  hotter 
and  rarer  atmosphere  of  the  mine.  Sometimes  rarefaction  was  increased  by  putting  a  pan  of  coal* 
in  the  upcast  shaft ;  but  the  consequence  of  such  imperfect  ventilation  was  that  the  workings  were 
sometimes  stopped  for  many  days  together.  Natural  ventilation  could,  of  course,  be  adopted  only 
when  the  shafts  were  of  moderate  depth  and  the  workings  on  a  limited  scale. 

In  the  South  Yorkshire  district,  safety-lamps  were  first  used  exclusively  at  the  Oaks  Colliery, 
in  the  workings  of  the  Barnsley  Thick  coal,  where  Stephenson  lamps  are  used  in  preference  to 
Davy's ;  and  the  use  of  safety-lamps  has  since  extended  to  many  other  collieries.    At  the  Wharn- 
cliffe  Silkstone  Colliery,  near  Bamsley,  working  the  Silkstone  seam,  Stephenaon  and  Davy  lamps 
are  used  exclusively ;  and  as  the  coal-field  is  very  much  cut  up  with  faults,  the  gas  cannot  bo  bl««d 
away,  but  as  each  fault  is  cut  through  the  greatest  caution  ia  required  in  drilling  with  the  gas  in 
the  solid  coal  beyond,  in  bye.    In  addition  to  the  use  of  safety-lamps,  an  abundance  of  air  *! 
be  taken  into  the  working  places  of  fiery  mines.     Since  the  explosion  at  Lundhill  in  1857,  n< 
lamps  have  been  exclusively  adopted  there.    The  importance  of  their  use  in  fiery  workings  wa* 
strongly  shown  at  the  Oaks  Colliery  in  1857,  when  an  outburst  of  gas  took  place  in  the  working* 
down  the  engine  plane,  so  violent  that  it  was  compared  to  the  roar  of  a  draught  in  thr  furnace.    All 
the  Stephenson  lamps  were  put  out,  and  the  Davy  lamps  were  ignited  intenmlly.  tin-  game  be- 
coming red  hot.   As  the  outburst  of  gas  occurred  within  a  hundred  yards  of  the  nmin  intake  to  the 
upcast  shaft,  and  a  large  quantity  of  air  was  passing  this  part  at  the  time,  the  gas  was  soon  dilute: 
and  carried  away ;  and  in  less  than  an  hour  the  only  traces  that  remained  were  found  at  one  or  ti 
places  where  the  floor  had  been  upheaved.    Thus  no  doubt  a  terrible  •mWoa  had  been  *T« 
by  the  use  of  safety-lamps ;  but  if  anyone  of  the  lamps  had  been  out  of  onl.  r.  or  the  game  • 
with  oil  or  coal  dust,  or  if  any  naked  light  had  been  in  this  part  of  the  workings,  *n  cxplorion 
would  inevitably  have  occurred. 

COAL-WASHING  MACHINE.    FB.,  Machine  a  lover  let  hauillet;  Gnu,  AoAfcwm 
ITAL.,  Macchina  da  lavar  litantrace  ;  SPAN.,  Mdquinn  para  limptar  carbon  de  pifdra. 

We  give,  Figs.  1969  to  1973,  a  set  of  coal-washing  apparatus  and  coke  ovens  at  one  ol 
blishments  of  the  Wigan  Coal  and  Iron  Company.    The  washing  machinery.  wbi< 
a  building  48  ft.  long  by  24  ft.  wide,  consists  of  four  iron  chamber*,  each* 
munication  with  a  cylinder  placed  at  one  end  of  it,  as  shown  in  the.  plan,  Fig*. 
cylinders  are  each  3  ft.  in  diameter,  and  the  pistons  working  in  them  hare  a 
are  driven  at  150  strokes  a  minute,  so  as  to  keep  the  water  within  the  chambei 
slant  agitation.  .          .^  ,     ,     .  1  , 

The  coal  to  be  washed  is  discharged  from  the  railway  VMBOMn 
building,  and  it  is  lifted  from  this  hopper,  Figs.  1969,  1970,  by  the  ,  1,  vnt- 
Fig.  1970,  this  elevator  delivering  it  to  the  crushing  roUert,  bj  •  n  '  I  r 

size.     After  passing  the  crushing  rollers,  it  isteken  up  by  a  »**•**< 


sze.         ter  passng     e  crusng  roers,       s 

to  the  washing  chambers,  or  bales,  down  a  trough  laid  at  an* 

four  compartments,  down  which  the  coal  is  washed  by  a  small  .treaa  J*  « J 

the  process  of  washing,  is  placed  on  perforated  copper  screens  or  siei 

-* 
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the  chambers  are  provided.  Tho  pyrites,  on  the  other  hand,  being  heavier,  fall  down  and  lie  on 
the  perforated  sieves;  and  at  regular  intervals  the  sluices  are  opened,  and  the  pyrites  allowed 
tc.  fiill  into  tin-  chamber  below.  At  the  bottom  of  each  chamber  there  is  another  sluice,  which  is 
iijM-intl  occasionally  to  allow  the  refuse  to  be  discharged  into  wagons  placed  to  receive  it.  The 
good  coal  from  the  shoots  of  the  bashes  in  also  delivered  directly  into  wagons. 

Tin-  wash  ing  machinery,  elevations,  and  so  on,  arc  driven  by  a  beam  engine,  witli  14-in.  cylinder 
and  2  ft.  0  in.  stroke,  arranged  as  shown  in  Figs.  19G9,  1970.    The  loss  by  washing  is  about  10  per 


1969. 


cent.,  by  weight,  of  the  gross  quantity  of  coal  passed  through  the  machine.  Several  machines  of 
the  kind  we  have  described  are  in  use  at  the  Wigan  Coal  and  Iron  Company's  works ;  and  they 
turn  out  from  300  to  350  tons  of  small  coal  a  day. 

The  general  arrangement  of  the  coal-washing  machinery  and  coke  ovens  will  be  understood 
from  the  general  plan  and  section,  Figs.  1971  to  1973.  From  this  it  may  be  observed  that  the 
ovens,  which  are  each  11  ft.  in  diameter  and  8  ft.  6  in.  high,  are  arranged  in  two  parallel  double 
rows,  a  chimney  being  provided  for  every  eight  ovens.  The  charging  is  performed  by  the  aid  of  a 
tramway  laid  over  the  tops  of  the  ovens,  Fig.  1973,  the  coal  dust  being  brought  from  the  washing 
apparatus  in  25-cwt.  hopper  wagons  along  this  tramway,  and  dropped  through  holes  left  in  the 
crown  of  the  ovens  for  this  purpose.  The  charge  of  each  oven  is  8  tons,  and  this  charge  ia 
allowed  to  burn  five  days  or  120  hours.  This,  when  burnt,  is  cooled  by  the  aid  of  a  water-pipe 
inserted  in  the  oven,  and  is  afterwards  drawn  out  by  rakes. 

One  of  the  most  successful  of  recent  coal-washing  machines  is  that  constructed  by  M.  Evrard  for 
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the  mines  of  La  Chazottc,  in  France,  Figs.  1974  to  1976.  Fi-s.  lf>74  and  1976  are  vertical  Motions 
through  the  machine  in  two  directions  at  right  angles  to  each  other,  and  Fig.  1975  U  a  plan  of  the 
whole.  The  special  object  in  view  in  thia  construction  ia  the  washing  of  very  large  quantities  of 
coal  of  comparatively  unequal  size,  and  the  separation  of  these  different  size*  by  tho  aid  of  tho 
washing  process.  This  large  washing  machine  is  thereby  euuM.--l  to  . •.,-.!, in.-  the  advantage*  of 
machine  labour  with  the  superior  Duality  of  work  performed  by  hand-waahing.  The  «ymlf  are 
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bring  the  coal  up  to  the  circular  table,  and  it  is  levelled  there  by  two  scrapera  fixed  in  different 
heights  (in  n  in  plan,  Fig.  1975),  so  that  a  stratum  of  small  coal  ia  spread  over  a  layer  of  larger 
coal  below.  The  central  part  of  the  machine  is  filled  with  water,  and  the  floating  piston  F  is 
moved  up  and  down  in  the  water  by  means  of  a  lever  L,  Fig.  1975,  worked  by  a  cam.  The  lever 


1975. 


is  counterbalanced  by  a  float  G,  immersed  in  water,  and  its  movement  causes  an  alternating  up  and 
down  current  of  water  through  the  screens  in  the  revolving  table  D,  by  which  the  different  mate- 
rials mixed  together  in  the  unwashed  coal  slack  separate  themselves  in  parallel  horizontal  layers, 
according  to  their  difference  of  specific  gravity,  and  also  according  to  their  size  of  grain.  There  is, 
however,  one  thing  of  great  importance  required  for  a  successful  operation,  namely,  the  agitation 
of  the  water  must  commence  with  great  power,  and  must  successively  diminish  in  force  as  the 
washing  proceeds,  since  the  first  action  effects  the  settlement  of  the  very  largest  pieces  of  stone  at  the 
bottom,  and  of  the  large- 
sized  coal  in  a  stratum  1979. 
immediately  above  that. 
This  being  done,  it  re- 
quires a  more  gentle  agi- 
tation, so  as  to  leave 
the  lowest  layers  undis- 
turbed, while  operating 
through  these  upon  the 
superposed  strata  of 
small-grained  materials, 
so  as  to  give  the  small 
pieces  of  stone  and  other 
heavy  matters  an  oppor- 
tunity to  pass  through  the 
coarse-grained  coal  down 
to  the  lowest  stratum  of 
stones.  With  a  uniform 
action  of  the  machine,  M. 
Evrard  obtains  this  im- 
portant result,  by  inclin- 
ing the  table  against  the 
water  lever,  as  shown  in 
Fig.  1976.  He  thereby 
obtains  a  greater  immer- 
sion of  the  table,  and,  con- 
sequently, a  more  power- 
ful rush  of  water  through 
its  sieves  at  the  one  part 
of  each  revolution,  and 
a  less  powerful  action  at 
the  opposite  side  where 
the  coal  is  partly  raised 
above  the  water-level. 

The  body  of  this  machine  is  constructed  in  masonry,  in  the  shape  of  an  inverted  cone,  with  a 
diameter  of  33  ft.  6  in.,  and  a  height  of  32  ft.  10  in.  Its  bottom  opens  into  a  drain-pipe  for  removing 
the  mud  collected  there.  The  floating  piston  is  17  ft.  4J  in.  in  diameter.  The  table  D  is  32  ft. 
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10  in.  in  diameter,  and  6  ft.  6J  in.  wide.  It  is  perforated  with  holes  of  ^  in.  in  diameter.  The 
inclination  of  this  table  amounts  to  one  foot  for  the  whole  length  of  the  diameter  of  the  table  .  the 
depth  of  layer  of  coal  is  6  in.,  and  the  water-level  8  in.  over  the  lowest  point  of  the  revolving  table. 
The  coal  is  removed  from  the  table  after  having  passed  through  one  entire  revolution  by  mean*  of  four 
scrapers  placed  at  different  heights,  so  as  to  remove  each  another  of  the  superposed  strata  of  coal 
ranged  according  to  the  size,  the  smallest  coal  being  raked  off  from  the  top,  while  the  lower  layers 
give  coarser-sized  coal  in  proportion  to  the  depth.  The  lowest  stratum  is  formed  by  the  stones  and 
other  heavy  impurities  of  the  coal,  and  this  is  removed  whenever  it  -has  reached  a  certain  height 
The  washing  process,  as  carried  on  with  this  machine  at  Chazotte,  reduces  the  contents  of  ashes  of 
the  coal  slack  from  15  to  17  per  cent,  on  the  unwashed  slack  down  to  8  or  9  por  c»-ut  The  pro- 
duction of  one  of  these  machines  is  138  bushels  for  each  revolution,  and,  taking  the  speed  at  the 
average  adopted  at  Chazotte,  namely,  one  revolution  in  five  minutes,  with  100  strokes  of  the  piston 
during  that  time,  the  total  production  is  1650  bushels  an  hour.  The  total  power  required  for  the 
complete  machine,  with  its  revolving  screen  and  elevator,  is  10  horse-power. 

A  very  simple  mode  of  washing  the  impurities  out  of  small  coal  has  been  at  work  at  Booth 
Tyne  Colliery,  Haltwhistle.  The  machinery  employed  consists  of  an  arrangement  of  boxes  or 
troughs,  into  the  upper  series  of  which,  A  1,  A  2,  A  3,  Fig.  1977,  the  water  for  washing  is  conducted 
by  a  pipe  P.  At  the  end  of  A  3  is  a  — 

small  screen,  formed  of  f-in.  round  iron 
rods,  placed  about  -£  of  an  inch  apart; 
immediately  below  this  screen  another 
series  of  troughs,  B  1,  B  2,  B  3,  is  simi- 

larly arranged,  terminating  with  a  perfo- 

rated zinc  plate  placed  in  a  sloping  posi- 

tion like  the  screen  in  the  upper  series. 

The  upper  troughs  are  2  ft.  4  in.  wide 

and  13  in.  deep  ;  the  lower  ones  are  2  ft. 

5  in.  wide  and  6  in.  deep. 

At  c,  d,  and  e,  Fig.  1977,  grooves  are 

placed,  into  which  slips  of  wood  are  in- 

serted, one  above  another,  at  different 

stages  of  the  washing  ;  these  partially 

check  the  current  of  water,  and  assist  in 

collecting  the  stones,  pyrites,  and  so  on. 

W,   Fig.   1978,   is    the  wagon-way,  by 

which  the  coal  is  brought  to  the  washer. 
It  will  be  observed  that  the  pipe  P 

is  bent  so  that  the  water  pours  against 

the  end  of  the  trough;  this  has  been 

found  to  act  better  than  when  the  water 

is  poured  in  the  contrary  direction.  The 

mode  of  working  is  apparent  ;  an  opera- 

tor shovels  the  coal  into  the  trough,  and 

another  with  a  rake  spreads  it  and  keeps 

it  under  the  action  of  the  current.    The 

water  that  passes  through  the  screen 


., 


S^»^"^S.BSsr-"« 


coste ;  SPAN.,  Defense  de  It  cnshi. 

Coast  Defences. — The  defences  of  consts  ar 
where  if  attacked  the  assault  must  !„.  ,1,1m  r-di 
important  branch  of  the  general  technical  arl 
however,  that  while  the  works  of  nn  inland  I 
strict  re'gardto  certain  rules  laid  «™n<"\**n 
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hitter,  the  bigpest  gun,  or,  perhaps,  to  the  craftiest-laid  torpedo.  In  like  manner,  the  proper 
placing  and  construction  of  coast  defences  emancipates,  as  it  were,  the  officer  of  engineers  from 
the  more  mechanical  operations  of  permanent  fortification,  and,  if  ho  possesses  genius,  enables 
him  to  take  advantage  of  every  natural  feature,  both  above  and  below  the  water-level,  either  for 
defence  or  offence,  and  make  the  most  of  them. 

Their  History.— Although  in  the  very  dawn  of  Jewish,  Greek,  and  Roman  history  we  rend  of 
the  walls  and  other  fortifications  of  towns,  we  do  not  find  any  mention  made  of  impediments 
to  prevent  invaders  landing  on  their  coasts,  except  occasionally  a  free  fight  on  the  beach,  such 
as  the  Greeks  appear  to  have  experienced  when  they  reached  the  shores  of  Troy.  When  Julius 
Csesar  landed  on  the  Kentish  strand,  he  had,  it  is  true,  to  break  through  a  bulwark  of  half-imkc.1 
blue-atained  Britons,  which  his  heavy-armed  legionaries  soon  proved  too  strong  for.  William  of 
Normandy  met  with  considerable  opposition  when  he  disembarked  as  an  invader  ;  but  he  eventually 
conquered.  In  most  cases  we  find  the  invaders  securing  themselves  a  safe  haven  or  tete-de-jMmt 
for  return  in  case  the  fortune  of  war  should  declare  against  them.  Thus  the  Greeks  fortified  their 
ships  on  the  shores  of  Troy,  and  the  Romans  created  the  germs  of  the  future  fortifications  and 
defences  of  Dover  and  Portsmouth,  and  perhaps  the  Thames.  But  in  the  first  few  centuries  after 
the  Conquest  the  constant  wars  between  England  and  France  exposed  both  nations  to  the  visits  of 
hostile  fleets,  and  subjected  the  unfortunate  inhabitants  of  our  sea-board  to  much  misery,  especially 
on  the  south  and  east  coasts.  We  can  yet  see  in  the  Isle  of  Wight  the  existing  outline  of  a  town 
(Newtown)  burned  by  the  French  fleet  in  the  time  of  the  second  Edward,  and  which  remains,  with 
its  houseless  streets  and  market-places,  a  desolation  to  the  present  day.  Even  localities  so  remote 
as  the  Welsh  coasts  were  not  safe,  as  we  read  that  in  1405  the  French  landed  at  Milford  Haven 
and  plundered  Carmarthen  and  other  towns,  safely  regaining  their  ships ;  while  as  late  as  1758  we 
retaliated  by  sacking  the  now  impregnable  Cherbourg,  and  levying  a  tribute  on  its  Monts  du 
Pie'te'  and  other  public  institutions. 

As  the  invention  of  artillery,  however,  grew  in  importance,  the  attention  of  our  rulers  seemed 
turned  to  the  necessity,  on  certain  points  of  our  coasts  at  least,  of  securing  the  cities  and  towns 
situated  near  them  from  being  burnfor  plundered  with  impunity ;  and  the  sequestrations  of  the 
rich  monasterie's  in  Hampshire  and  the  Isle  of  Wight  furnished  the  eighth  Henry  with  funds 
sufficient  to  erect  the  castles  of  Southsea,  Hurst,  Sandown,  Yarmouth,  and  Calshot,  as  well  as  to 
fortify  the  narrow  entrances  into  the  harbour  of  Portsmouth,  which  was  then,  as  now,  considered 
the  first  naval  arsenal  of  England.  Besides  these,  we  owe  to  Henry  VIII.  the  defences  of 
Falmouth,  Plymouth,  Pembroke,  Deal,  and  other  important  points  on  the  coast.  In  Queen 
Elizabeth's  time  the  defences  of  Milford  Haven,  the  Thames,  and  Plymouth,  as  well  as  minor 
works  on  the  Kentish  and  eastern  shores,  were  not  neglected  by  her  shrewd  and  far-seeing 
ministers,  and  the  many  existing  traces  of  the  reign  of  the  Stuarts  in  the  old  fortifications  of 
Portsmouth,  Devonport,  Sheerness,  Gravesend,  and  other  places  along  the  coasts,  although 
erected  more  probably  from  dread  of  a  Dutch  than  a  French  invasion,  show  that  neither  Charles 
nor  James  neglected  the  defence  of  England  on  its  then  weakest  and  most  accessible  points. 
During  the  reign  of  Anne  and  the  first  two  Georges  the  constant  dread  of  descents  from  the 
partisans  of  the  Pretender,  or  his  French  and  Spanish  allies,  caused  further  extensions  of  our 
coast  defences;  and  when  the  French  fleet  rode  triumphant  in  the  Mediterranean,  after  the  fall 
of  Minorca  and  execution  of  Byng,  we  deemed  it  necessary  to  strengthen  the  land  defences  of 
Portsmouth  by  the  first  fortifying  of  the  old  Hilsea  lines.  It  is  a  curious  thing  that  one  of  our 
ancient  northern  coast  defences,  namely,  the  Old  Fort  on  the  Bass  Rock,  was  the  last  spot  in 
Great  Britain  that  held  out  for  the  Stuarts.  The  long  wars  of  the  French  Revolution,  although 
our  fleets  finally  swept  the  seas  of  our  enemies,  still  demanded  constant  attention  to  various  ex- 
posed and  unprotected  points  of  our  coast ;  but  it  was  not  till  France  again  had  a  navy,  and  the 
defences  of  Cherbourg.  Cronstadt,  and  Sevastopol  created,  as  it  were,  a  new  era,  and  the  due 
progress  of  things  produced  the  Crimean  and  American  wars,  that  the  subject  was  really  taken 
up  in  a  comprehensive  and  extended  manner;  our  eyes  seemed  suddenly  opened  to  the  utter 
worthlessness  of  many  of  our  existing  works,  and  an  honest  effort  made  to  effect  all  the  improved 
modes  of  fortification  now  absolutely  necessary  by  the  monstrous  strides  that  modern  science  has 
made  in  the  weapons  both  of  offence  and  defence.  The  Report  of  the  Commissioners  appointed 
to  consider  the  defences  of  the  United  Kingdom,  dated  the  7th  February,  1860,  entered  fully  into 
the  details  of  their  existing  state,  and  gave  their  recommendations  for  their  augmentation  or 
renewal ;  and  until  the  present  time  immense  works,  costing  an  aggregate  sum  of  at  least  nine 
millions  both  in  coast  and  inland  defences  to  our  harbours  and  arsenals,  have  been  carried  on, 
subject  however  to  the  disadvantage  of  the  ever-changing  increase  hi  the  weapons  of  attack  and  a 
corresponding  increase  ever  forced  on  them  in  those  of  defence,  causing  works  which  might  have 
been  deemed  perfect  a  few  years  ago  to  be  now  nearly  useless  or  obsolete. 

Reconnaissance  of  a  Sea  Frontier. — In  addition  to  the  general  descriptions  necessary  in  making 
a  reconnaissance,  that  of  a  sea-board  line  should  clearly  describe  the  nature  of  the  coast ;  whether 
it  is  bordered  by  dunes  or  sand  hills,  or  edged  with  flat  rocks  in  shallow  water  which  would 
render  access  to  it  more  or  less  dangerous,  or  by  cliffs  which  would  render  it  altogether  in- 
accessible; the  points  on  which  descents  could  be  easily  made,  the  rentrant  angles  affording 
sheltered  creeks  and  anchorages;  the  high  lands  and  capes  affording  eligible  sites  for  the 
erection  of  forts  and  batteries  should  be  clearly  pointed  out,  with  the  height  of  each  above  the 
ordinary  high-water  level,  also  all  islets  and  rocks  capable  of  being  made  available  for  advanced 
works,  snch  as  towers,  and  so  on;  the  shoals,  creeks,  roads,  and  ports,  with  their  soundings,  the 
nature  of  the  winds  necessary  for  entering  and  sailing  out  of  these  ports,  of  which  it  will  be  requisite 
to  note  the  local  peculiarities;  the  state,  garrison,  and  armament  of  the  different  batteries 
established  for  the  defence  of  the  anchoring  grounds ;  the  field-works,  if  any,  formed  on  points 
where  descents  might  be  practicable  ;  the  camps,  fortified  towns,  and  other  strong  places  which 
cover  or  protect  the  principal  maritime  establishments  or  military  arsenals ;  finally,  to  analyse 
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carefully  the  existing  system  of  defence,  and  to  consider  the  best  mode  of  forcing  it    If  rivers 
have  their  mouths  on  these  coasts  it  is  necessary  to  consider  very  carefully  the  influence  of  tl 
tides  on  their  entrances.    It  is  not  less  essential  to  indicate  the  hours  of  high  water  at  all  th 
prmcipal  points  and  ports,  and  the  period  of  tide  more  or  less  favourable  to  the  approach  to  tl 
different  points  of  disembarkation.     To  these  general  remarks,  taken  from  the  French  «AJd< 
Memoire,'  we  may  add  that  in  modern  warfare  it  will  be  very  necessary  to  take  into  nonsidmatfa 
the  various  lines  of  railway  by  which  forces  from  the  interior  may  be  suddenly  concentrated  so  as 
to  crush  any  inferior  or  isolated  body  of  men  who  may  seek  a  hostile  landing  on  a  coast,  and  also 
the  facilities  which  may  exist  for  the  placing  of  obstructions  either  floating  or  hi 

General  Principles  of  Coast  Defence. — Before  entering  into  this  subject  it  must  be  premised  that, 
while  we  write,  some  of  the  most  important  points  of  coast  defence  are  involved  in  much  doubt,  and 
must  be  considered  as  subject  to  important  changes,  according  as  the  experiments  on  our  guns,  oar 
ammunition,  our  armour,  and  our  obstructions,  floating  or  otherwise,  present  from  day  to  day  new 
phases.  We  can  therefore  only  offer  a  few  useful  general  principles  on  tho  subject  from  the  beat 
modern  authorities,  simply  reminding  our  readers  that  tho  great  question  of  ships  rertut  forts  and 
iron  versus  earth  yet  remains  to  be  solved,  when  the  giants  of  the  earth  again  do  but  • 

Von  Wurmbs,  in  his  '  Lehrbuch  der  Kriegs  Baukunst,'  remarks  that  the  defence  of  a  sea- 
surrounded  country,  or  an  extended  line  of  coast,  requires  in  the  first  instance  movable  bodies 
of  troops  cantoned  near  the  most  important  points,  and  acting  in  co-operation  with  divisions  of  the 
fleet,  flotillas  of  gunboats,  and  war  steamers.  Well-arranged  lines  of  railway  and  telegraph  will 
be  here  of  great  importance.  Fortresses  are,  however,  necessary  at  the  principal  arsenals,  dock- 
yards, and  other  sources  of  supply,  as  well  as  at  those  points  where  the  landing  of  a  huge  body 
of  an  enemy's  troops  might  take  place,  and  so  enable  them  to  attack  us  on  tho  land  ci<l- •. 

The  fortification  of  the  prmcipal  important  points  of  a  coast  line,  such  as  our  war  havens 
of  Portsmouth,  Sheerness,  Plymouth,  Milford  Haven,  and  Cork  Harbour,  also  demand  an  enocinte 
on  the  land  side  capable  of  withstanding  a  sudden  assault,  and  outworks  which  are  strong 
enough  to  defy  a  regular  attack,  to  resist  the  operations  of  a  hostile  fleet,  and  finally  to  keep  the 
enemy  at  such  a  distance  as  to  prevent  a  bombardment  of  tho  place  and  its  establishment*, 
has  been  the  principle  adopted  in  the  modern  land  defences  of  our  naval  arsenals,  which  are  now 
surrounded  with  substantial  forts  as  well  towards  the  land  as  the  sea,  so  as  to  hold  an  enemy 
at  bay  until  our  forces  could  be  hurried  up  from  all  sides.  On  other  points,  coast  batteries  or 
forts  of  a  minor  magnitude  become  necessary  to  defend  roads,  havens,  or  anchorages,  to  protect 
the  interests  of  commerce,  or  to  hinder  the  landing  of  an  enemy ;  due  precautions  should  in  all 
cases  be  taken  to  secure  the  rear  of  these  batteries  from  surprise  by  proper  gorge  walls,  and 
so  on. 

As,  nevertheless,  fortresses  cannot  defend  every  point,  or  bo  placed  close  enough  to  hinder 
the  passage  of  a  powerful  fleet,  we  must  therefore  in  such  cases  take  advantage  of  floating  and 
hidden  obstacles  of  every  kind,  such  as  torpedoes,  floating  batteries,  booms,  chains,  rope  ~ 
and  so  on. 

Coast  fortifications,  it  must  always  be  considered,  are  opposed  against  the  power  of  a 
formidable  enemy.  In  the  present  day  we  must  consider  the  enormous  and  still  increasing 
armaments,  both  in  number  and  weight,  of  modern  ships,  and  their  armour  creeping  up  Aon 
4  in.  to  15  in.  in  thickness.  Even  frigates  which  a  few  years  ago  were  seldom  sjqvppM  with 
anything  heavier  than  an  18-pounder,  now  carry  12-ton  guns,  discharging  n  300-11).  ln.lt.  Alw.  in 
a  proper  depth  of  water,  ships  can  change  their  position  easily  nnd  quickly,  and  by  the  : 
Bteam  can  tack  in  the  face  of  contrary  winds  and  lay  their  broadsides  full  on  against  the  opposing 
forts,  unless  these  are  situated  high  enough  above  the  water-It -V.  1. 

But,  on  the  other  hand,  many  circumstances  favour  tho  defence  of  fortresses  against  ships 
when  unsupported  by  land  forces.  The  most  formidable  position  of  shins  in  :i  mast 

defence  is  no  doubt  with  broadside  on,  and,  theoretically  at  leant,  as  close  as  possible ;  bat  in 
taking  up  this  position,  if  the  ship,  not  of  course  a  turret,  allow  itself  to  bo  raked  by  the  fire  of 
the  fort,  it  is  in  the  first  place  quite  powerless  to  return  a  gun,  nnd  it*  ctidd. 
in  many  cases  take  place.    If  the  wind  suddenly  changes,  tho  keel  touches  a  shoal,  or  a  at 
knocks  "the  machinery  out  of  gear  so  as  to  hinder  its  withdrawal  from  an  enemy  a  fire,  then 
it  may  be  destroyed  by  the  guns  of  tho  fortress,  if  they  im-  heavy  enough  to  penetrate  bt 
iron  plating;  for  in  modern  warfare  we  must  consider  all  fighting  t-hiiw  as  thus  protect* 
fate  very  nearly  met  our  fine90-gun  line-of-bnttle  ship  the  'Albion'  MM  50-gnn  frigate  •  Awf 
by  the  fire  of  two  or  three  guns  only  of  the  little  Wasp  and  Telegraph  batfcfBHLOsl  the  ft 
Sevastopol  Harbour,  on  the  17th  October,  1854.     In  uu-d,  rn  tiim-».  many  I 
this  have  been  given.    One  large  shot  striking  a  line-of-battle  ship  near  tho  water-lino  may  sma- 
ller, or  a  shell  bursting  through  her  decks  explode  her  magazines. 

Fig.  1979  shows  the  defences  of  the  entrance  to  8ebn«t-H  HiirUur.  nnd  pod 
lotteries  and  attacking  ships.    The  figures  show  tho  height  in  ft-.  :  <h-wat 

We  may  here  remark  tho  circumstance  that  coast  batteries  have  generally  a  very  lai 
to  aim  at,-a  line-of-battle  ship,  for  instance,  from  Sfoo  to  3nO  ft.  in  length,  and,  with  her  I 
rig-ing,  GOto  80  ft.  in  height;  while  the  ship  may  Imv.-  no  I  ro  at  1 

battery,  covered  with  a  «troiig  earthen  shield,  and  with  tho  muxzlcs  of  its  guns  not 
than  1  i  ft.  above  the  crest.  ..in...  it 

It  is  desirable  to  have  tho  guns  of  a  small  battery  ns  much  as  pos 
not  of  the  same  nature.     It  must  be  also  considered  that  a  sUp  ohan 
of  8  knots  an  hour  moves  COO  yds.  in  2J  minutes;  then-fore  to  meet  I 
number  on  each  battery,  will  be  found  necessary  and  most  efficient  to  in  • 

Previous  to  1861  not  less  than  twenty-three  vnri<-ti<«  of  pins  war* 
batteries,  after  which  period  the  number  WHH  restricted  to  five ivarie 
86  cwt.,  68-pounder  of  95  cwt.,  8-iii.  of  Go  cwt.,  tt^MKHi  of  56  cwt,  and  1 
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the  late  imagined  improvements  in  artillery  our  batteries  will  be  soon  generally  armed  with  the 
12-ton  800-pounder,  and  on  important  points  with  25-ton  GOO-poundera. 

Batteries  for  mortars,  flanked,  how- 
ever, by  a  few  heavy  guns,  are  requisite  1979. 
on  certain  important  points.  That  of 
Puckpool,  commanding  one  of  the 
eastern  cut  ranees  to  Spithead,  is  a 
formidable  buttery  of  this  artillery 
arm,  mounting  thirty  13-in.  mortars. 

Each  description  of  gun  should 
have  a  separate  expense  magazine  for 
its  ammunition. 

Low  barbette  batteries  should 
never  be  used  when  the  work  is  at 
less  elevation  than  100  ft.  above  the 
sea-level,  and  then  only  they  are  safe 
from  enfilade. 

Barbette  batteries  have  the  advan- 
tage of  a  more  extended  range  of  fire 
than  those  with  embrasures. 

If  a  battery  be  less  elevated,  the 
parapet  must  be  heightened,  and  the 
gun  then  fires  through  an  embrasure, 
or  it  must  be  raised,  when  great  range 
is  required,  to  fire  over  a  parapet  of 
7  ft.  protected  by  bonnettes. 

In  earthen  batteries  the  distance 
between  the  guns  must  not  be  less 
than  35  ft.  when  mounted  on  travers- 
ing platforms,  and  traverses  should 
be  provided  for  every  two  guns.  In 
casemated  and  iron-plated  batteries 
the  guns  are  generally  spaced  24  ft. 
from  centre  to  centre,  =  to  a  12-ft. 
pier  and  a  12-ft.  shield. 

Casemated  batteries  are  necessary 
when  it  is  required  to  place  a  work 
close  to  deep  water,  and  more  than  one 
tier  of  guns  is  necessary  to  defend  the 
position. 

All  coast  batteries,  whether  casemated  or  not,  should  be  retired  as  much  as  possible  from  deep 
water,  unless  by  doing  so  the  object  of  the  battery  might  not  be  attained. 

We  in  many  cases  utilize  our  casemates  both  in  coast  and  land  batteries  by  using  them  as 
barracks  for  the  garrison,  but  all  partitions  and  rear  walls  should  be  made  movable  and  as  slight 
as  possible.  Continental  coast  batteries,  when  casemated,  are  generally  open  in  the  rear;  in 
double-tier  casemated  batteries  the  magazines  and  stores  are  usually  placed  in  the  basement  story, 
which  is  faced  with  solid  walls  of  great  strength,  and  covered  with  bomb-proof  arches. 

It  is  almost  useless  to  discuss  here  the  question  of  embrasures.  Modern  science,  however, 
plainly  points  to  the  adoption  of  wrought-iron  shields  both  for  casemated  and  earthen  batteries 
when  the  Moncrieff  system  of  gun-carriage  is  not  used.  The  thickness  of  the  shields  may  vary 
according  to  exposure  from  9  to  15  in.,  with  the  aperture  for  the  gun's  mouth  as  small  as  prac- 
ticable. 

Red-hot  shot  or  shells  filled  with  molten  iron  requiring  a  supply  of  furnaces  and  fuel  to  heat 
same,  were  until  lately  part  of  the  equipment  of  every  coast  battery  of  importance.  The  universal 
adoption  of  iron-clad  vessels  has  however  diminished  very  much  the  importance  of  this  mode  of 
defence,  and  our  best  modern  coast  forts  have  no  appliances  of  any  kind  for  heating  shot  or 
melting  iron  except  in  very  peculiar  circumstances;  an  enemy,  however,  attempting  a  landing 
with  a  flotilla  of  wooden  boats,  might  suffer  severely  from  the  use  of  heated  shot. 

The  following  additional  observations  are  principally  founded  on  Sir  J.  Burgoyne's  '  Notes  on 
the  Coast  Defences  of  Great  Britain.' 

In  all  arched  vaults,  such  as  casemates  liable  to  be  battered,  the  covering  arches  should  be 
brought  endways  to  the  front,  so  as  to  form  a  revetment  en  de'charge. 

Batteries  or  brigades  of  guns  to  be  brought  up  with  troops  to  parts  of  a  coast  threatened, 
will  be  worthy  of  being  organized  in  time  of  war  in  central  secure  stations. 

The  most  effective  fire  against  ships  is  doubtless  from  guns  placed  but  little  above  the  level  of 
the  water,  but  so  placed  they  would  be  subjected  to  an  overwhelming  fire  from  ships  in  return. 

In  proportion  as  batteries  are  elevated  they  lose  in  the  best  effect  of  their  own  fire,  but  become 
far  less  exposed  to  suffer  from  that  of  ships. 

There  is  also  from  elevated  batteries,  if  close  to  the  water,  a  certain  space  near  them  which 
they  cannot  command  at  all,  and  where  vessels  and  boats  would  be  consequently  safe  from  them. 

Sir  J.  Burgoyne  considers  an  elevation  of  not  less  than  50  ft.  as  a  good  medium  elevation :  at 
that  height  the  shot  may  be  made  to  strike  the  water  at  a  distance  of  200  yds.,  and  will  ricochet  well, 
and  at  the  same  time  the  guns  would  be  but  little  exposed  to  direct  fire  from  shipping. 

Kockets  may  be  of  great  service  in  close  quarters  with  ships.  With  reference  to  the  exposure 
of  guns  and  gunners,  he  remark*  ihat  in  military  operations  the  first  aim  is  to  obtain  success ; 
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to  save  life  is  a  secondary  consideration,  excepting  so  far  as  may  not  impede  the  first,  when  of 
course  it  becomes  an  anxious  and  imperative  duty. 

He  recommends  the  construction  of  packets  and  mercantile  steamboats  to  carry  guns  in  ease  of 
need,  and  the  organization  of  the  population  of  the  coaat,  the  coastguard  and  dockyard  men 
our  batteries. 

The  experiences  taught  in  the  last  American  war  have  thrown  quite  a  new  light  on  what  we.  a 
few  years  ago,  learned  in  the  Baltic  and  the  Black  Seas.  Von  SehdUw.  in  his  vmrk  on  'Coast 
Defences,'  lays  down  some  general  rules,  which  we  here  give,  being  worthy  of  consideration,  and 
supporting  his  propositions  by  examples  of  different  conflicts  on  the  coasts  and  rivers  of  America, 
premising  that  he  considers  the  Confederates  in  the  first  place  conimittwl  a  groat  «i-«*kft  in 
attempting  to  fortify  so  many  points  as  they  did  both  on  their  coasts  and  ri 

a.  That  railway  communication  with  different  points  is  preferable  to  fortifying  places  of 
secondary  importance. 

b.  That  exposed  masonry  or  brickwork  is  not  capable  of  withstanding  the  effect  of  modern 
artillery. 

c.  That  earth,  especially  sand  works  properly  constructed  constitute  a  better  protection  against 
modern  artillery  than  permanent  fortifications  built  on  the  old  plan. 

d.  That  guns  mounted  en  barbette,  even  when  protected  by  properly-built  traverses,  may  be 
silenced  by  a  concentrated  fire  from  ships. 

e.  No  fort  now  built  can  keep  out  a  large  fleet  unless  the  channel  be  obstructed. 
/.  A  mere  partial  obstruction  of  a  channel  not  sufficient  to  keep  out  a  large  i! 

g.  No  fleet  can  force  a  passage  if  kept  under  the  fire  of  heavy  batteries  by  properly-placed 
obstructions. 

These  views  of  Von  Scheliha  are  on  the  whole  satisfactory  to  us  with  a  few  exceptions,  when 
we  consider  the  vast  outlay  we  have  made  within  (he  last  few  years  on  our  coast  defence*. 
torpedoes  and  other  hidden  obstructions,  backed  by  the  fire  of  our  modern  forte,  no  fleet  could 
possibly  pass  narrow  channels  like  that  between  Hurst  Castle  and  Sconce  Point,  or  the  winding 
sinuosities  of  deep  water  between  the  Spithead  Forts,  the  Thames,  Medway,  entrance  to  Plvmouth 
Sound,  and  other  similar  localities  leading  to  our  principal  arsenals  and  dockyards,  as  well  as  the 
river  entrances  to  our  great  commercial  emporiums,  as  Liverpool,  Hull,  Bristol,  4c. 

The  vast  alterations  in  the  armaments  even  of  our  older  defences  have  rendered  a  great  number 
of  additions  to  our  magazine  and  store  accommodation  necessary ;  increased  provision  must  be 
made  for  shells,  apparatus  for  large  guns,  and  so  on.  In  the  larger  earthen  coast  batteries  the 
magazines  are  generally  in  the  rear  of  the  work  (which  should  have  its  gorge  closed  by  a  defen- 
sible loop-holed  wall),  and  constructed  with  bomb-proof  arched  brickwork,  with  a  covering  of  earth 
varying  from  4  to  6  ft. ;  smaller  expense  magazines  are  formed  in  the  various  traverses,  and  other 
secure  places  in  the  earth-works.  There  is  considerable  difficulty  in  this  climate  in  pit-serving 
these  magazines  free  from  damp,  principally  arising  from  condensation  of  saturated  air  on  the 
walls.  If  deeply  seated  in  or  covered  with  earth,  the  ventilation  is  often  defective,  and  where 
wooden  floors  are  used  considerable  ravages  have  been  made  by  dry  rot,  the  warm  and  damp 
air  within  the  magazines  appearing  to  favour  the  growth  of  fungi  in  the  timber.  Floors  of 
asphalte  laid  pure  without  grit  are  now  used  in  magazines  with  advantage,  and  the  application 
of  steam  in  drying  the  internal  air  of  magazines  is  a  subject  worthy  of  consideration. 

The  views  of  Rear- Admiral  Porter,  U.S.N.,  on  coast  and  river  defences,  as  enumerated  in  his 
report,  1865,  are  these,  namely  : — 

a.  Too  much  importance  cannot  be  attached  to  the  employment  of  torpedoes  and  other  hidden 
obstacles. 

6.  Considers  that  no  forts  can  withstand  the  united  fire  of  monitors  and  iron-clad  vessels. 

c.  Recommends  the  combination  of  military  with  naval  attacks.  These  formed  an  important 
feature  too  much  overlooked,  perhaps,  in  the  attack  and  defence  of  coaat  forte  daring  the 
American  war,  as  at  Charlestown  Harbour,  Vicksburg,  Ac. 

•    d.  Little  difficulty  occurs  in  running  past  the  strongest  forte  if  no  obstructions  natural  or 
artificial  exist,  but  on  forts  only  no  safe  reliance  can  be  placed. 

e.  He  knows  no  instance  in  which  troops  and  ships  properly  combined  hare  attacked  a  fort 
but  they  have  taken  it. 

/.  One  gun  on  shore  being  considered  equal  to  ten  afloat  is  a  principle  not  at  all  to  be 
depended  on. 

g.  Even  if  guns  in  a  land  battery  are  protected  by  traverses  they  are  not  safe  from  vertical 
fire 

h  It  must,  however,  be  allowed  that  there  are  certain  points  on  every  coast  where  forte  can  ha 
built  unassailable  by  ships,  and  that  Federal  Point,  Wilmington  River,  where  Fort  Fisher  stands, 
is  one  of  them;  also  if  the  engineer  who  built  th.-  latter  had  placed  it  one  mile  inside  of  where  it 
now  stands  it  would  have  been  inaccessible  both  by  sea  and  land. 

i.  Guns  placed  in  a  land  battery  should  not  be  less  than  from  60  to  1C 

j.  Our  frowning  stone  walls  with  their  guns  standing  en  barb* 
ports  in  the  casemates,  look  strong,  while  both  arrangement!  nre  m>nntu 

k.  Latterly  the  rebels  revetted  the  stone  walls  of  their  forte,  external  as  ' 

ftn/  Fogrt  Fisher  was  the  key  to  all  the  immense  system  of  defences  to  Wilmington  Hsrbonr, 

and  will  furnish  food  for  study  to  our  military  engineers  for  years  to  come; 
system  inaugurated  by  the  rebels  will  be  adopted  by  us. 

m.  Never  erect  a  fort  without  consulting  the  hydrograpny  ol 
River  a  chain  of  the  strongest  works  ever  erected  was  lost  because 
all,  was  placed  within  reach  of  ships. 

».  The  shells  of  navy  guns  most  effective  against  land 
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0.  He  recommends  that  nil  our  works  shall  be  of  earthwork,  or  that  those  now  built  should  be 
covered  with  earth ;  the  guns  to  be  mounted  on  monitor  turrets  ;  iron  to  any  thickness  and  guns 
of  any  measure  may  be  thus  used,  and  BO  far  have  an  advantage  against  a  floating  enemy,  in 
which  the  use  must  be  limited. 

p.  The  value  of  laud 

fortifications  is,  he  con-  \  1980. 

eiders,  not  in  the  least 
diminished  by  the  late 
results;  their  import- 
ance is  greater  than 
ever,  but  they  must  be 
properly  built. 

Fig.  1980  shows  the 
position  of  Fort  Fisher 
at  entrance  to  Wil- 
mington River. 

Fig.  1981,  plan  of 
the  defences  of  Fort 
Fisher. 

Classification  of  Coast 
Defences. — The  sea  de- 
fences of  our  naval 
arsenals,  commercial 
harbours,  and  most  ac- 
cessible landing  points 
on  our  coasts,  may  be 
classified  as  follows  : — 

1.  Existing       old 
castles    erected    origi- 
nally in    the  times  of 
theTudors  and  Stuarts, 
many    of    them    still 
forming   the  nuclei  of 
our  present  works. 

2.  Coast     towers, 
martello  towers,  &c.,  of 
more  modern  construc- 
tion, dating  principally 
from  the  period  of  the 
earlier     wars    of    the 
French  Revolution. 

3.  Simple   earthen 
batteries  firing  through 
embrasures  or  en  bar- 
bette,  in    many  cases 
open  or  undefended  at 
gorge. 

4.  Earthen  batteries 
of  improved  formation,    ! 
with  closed  defensible   s 
gorge,    provided    with 
iron  shields  to  embra- 
sures,  and    permanent 
accommodation         for 
gunners,  magazines,  &c. 

5.  Double  or  single 
tier  casemated  compo- 
site    batteries,      with 
granite     facings,    iron 
shields,  and  defensible 
keeps  and  other  works 
at  rear. 

6.  Iron-plated    sea 
forts,  in  many  cases  iso- 
lated, but  covered  with 
iron  wherever  exposed 
to  shot  from  direct  fire 
of  floating  armaments. 

In  this  classification  we  have  not  included  numerous  coast  forts  similar  to  class  No.  5,  con- 
structed on  the  old  principles  of  unprotected  embrasures,  with  walls  of  brick  or  similar  materials, 
in  some  cases  faced  insufficiently  with  stone.  Such  is  Fort  Victoria  and  Cliff  End  Fort,  on  the 
right-hand  side  of  the  Solent  passage,  the  batteries  at  the  entrance  to  Portsmouth  Harbour,  and 
numerous  other  old  though  costly  forts  of  the  same  construction,  which  must  be  considered  to  all 
intents  and  purposes  obsolete,  and  should  be  reconstructed  sooner  or  later,  in  one  of  the  classes 
we  have  given  above.  This  applies  to  defences  constructed  by  Russia,  France,  America,  Spain, 
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Holland,  and  other  Powers,  as  well  as  by  our  own  Government,  during  the  last  couple  of  centuries, 
when  the  principles  of  Vauban  and  Coehorn  were  perhaps  more  considered  in  theory  than  the  ad- 
vantages of  site,  local  marine  difficulties,  &c.,  which  to-day  afford  room  fur  tho  display  of  the 
peculiar  talents  in  coast  defence  by  our  modern  officers  of  engineers. 

Class  1. — Previous  to  Henry  VIU.'s  time  we  had,  on  many  points  of  oar  coast,  castles  in  the 
feudal  style,  such  as  at  Dover,  Scarborough,  Bamborough  in  Northumberland,  and  many  other*, 
erected,  however,  before  the  invention  of  artillery.  Many  of  them  were  allowed  to  fall  to  decay 
when  that  important  element  began  to  come  into  operation,  and  the  earliest  improved  form  of 
coast  defence  appears  in  the  many  castles  erected  by  Henry  VIII.  in  dread  of  an  invasion  by 
the  Catholic  Powers  of  Europe  after  his  quarrel  with  the  Pope.  They  consisted  generally  of  a 
central  keep,  with  curved  casemated  batteries  at  a  lower  elevation,  and  were  constructed  of  strong 
and  substantial  masonry  or  brickwork,  available  for  store  and  barrack  purposes  to  the  present  day. 
The  castles  of  Southsea,  Hurst,  Yarmouth,  and  those  of  Falmouth  and  Dartmouth  Harbours,  Deu, 
and  "Walmer,  are  of  this  period. 

Fig.  1982  shows  Southsea  Castle  as  originally  built. 

1932.  1M3. 


A,  Keep.     B,  B,  Batteries.    D,D,  Ditch. 


Scale,  12J"  to  a  mile 


Fig  1983  shows  Hurst  Castle,  once  the  prison  of  the  first  Charles.    It  is  now  a  place  of  i_^ 
strength  large  casemated  granite  batteries,  same  as  class  No.  5,  mounting  sixty-one  heavy  guns, 
bein"  erected  in  front  and  on  each  flank  of  the  original  castle,  and  showing  that  the  eng 
Henrv  VIII  had  a  good  eye  for  a  site  for  defence.    Besides  these  heavy  guns,  it  will 
eventually  equipped  with  an  armament  of  three  turrets  on  the  upper  platform,  mounting  • 
additional  guns,  certainly  not  less  than  600-pounders  each. 

Fig.  1984  shows  the  modern  extensions  to  the  old  Hurst  Castle. 

1934. 


A,  Original  work.    B,  B,  Modern  extensions.    C,C,  Defensible  wall 

in  rear. 
Scale,  300  ft.  to  an  in. 


Fig.  1985  shows  the  old 
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James  I.    The  old  defences  of  the  sea  entrance  to  Portsmouth  and  Plymouth  Harbours  arc  prin- 
cipally of  the  Stuart  period. 

Fig.  1980  shows  a  bird'u-eye  view  of  the  defences  of  Plymouth,  land  and  sea,  anno  1G43. 


1986. 


Scale,  f"  to  a  mile. 


Class  2. — In  the  early  part  of  the  revolutionary  war  the  damage  inflicted  on  one  of  our  ships 
of  the  line  and  a  frigate  by  a  single-gun  tower  in  Martello  Bay,  in  Corsica,  caused  rather  an 
exaggerated  idea  to  be  formed  of  its  power  of  defence,  and  numbers  of  them  were  erected  on  our 
southern  and  eastern  coasts,  as  well  as  on  the  weakest  points  of  the  Channel  Islands,  on  the  coast 
of  Ireland,  in  the  vicinity  of  Dublin,  Cork,  and  Lough  Swilly,  &c.  Rear- Admiral  Porter,  in  '  Von 
Scheliha,'  reports  a  similar  case  where  a  one-gun,  24-pounder  tower,  cut  up  and  repulsed  a  20-gun 
frigate  that  he  served  in. 

Sir  J.  Burgoyne  considers  towers  may  be  usefully  applied  in  detached  positions,  and  no  doubt, 
if  properly  covered  by  an  earthen  envelope,  would  still  be  found  of  advantage  in  defending  our 
coasts  in  minor  operations,  or  in  groups  of  four  to  six  opposing  the  landing  of  an  enemy  during  a 
period  of  war,  on  many  points  of  the  300  miles  of  shore  accessible  for  landing  troops  of  the  800 
miles  extending  from  the  Humber  to  Penzance. 

Martello  towers  were  nearly  all  built  on  the  same  model,  in  England  of  brick,  and  in  Ireland 
and  the  Channel  Islands  of  granite.  They  generally  mount  a  24-pounder  gun  on  top,  are  loop- 
holed  more  or  less,  and  accommodate  a  garrison  of  from  six  to  twelve  gunners.  In  some  cases 
they  are  surrounded  by  a  ditch  with  small  bridge,  and  covered  by  a  glacis ;  in  other  cases  are 
merely  accessible"  by  a  ladder,  movable  and  defended  by  a  machicoulis.  Few  of  those  towers 
are  now  equipped,  and  they  are  generally  occupied  by  a  few  coastguard  men. 

Figs.  1987  to  1989,  from  '  Von  Wurmbs,'  show  the  plans  and  section  of  a  martello  tower,  the 
stores  and  ammunition  being  kept  in  the  basement.  The  outer  walls  are  generally  from  6  to  8  ft. 
in  thickness. 

Figs.  1990  to  1992  show  one  of  the  series  of  towers  of  the  same  nature  approved  by  the  first 
Napoleon  for  coast  defence  purposes.  They  are  generally  square  instead  of  round,  and  accom- 
modate a  larger  garrison  and  mount  more  guns.  They  were  intended  for  the  same  purposes  as  our 
smaller  towers.  On  many  land  frontiers  where  a  small  garrison  has  to  hold  out  against  numerous 
assailants  unprovided  with  heavy  guns,  such  as  those  of  New  Zealand  and  the  Cape,  these  towers 
would  be  found  very  useful,  and  on  the  frontiers  of  the  latter  colony  several  of  them  have  been 
erected.  They  should,  however,  be  carefully  furnished  in  this  case  with  tanks  or  wells. 

Class  3. — Earthen  Batteries  undefended  at  Sear  or  open  at  Gorge. — On  many  points  of  the  coast 
elevated  from  100  to  300  ft.  above  high-water  mark  these  batteries  will  be  found  economical  in 
construction,  and  effective.  Our  experience  in  the  Crimea,  which  we  have  already  alluded  to, 
where,  on  the  17th  October,  1854,  the  Allied  fleets  attacked  the  outer  defences  of  Sebastopol 
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Harbour,  and  the  warm  reception  our  heavy-armed  ships  met  from  the  guns  of  the  little  Wasp  and 
Telegraph  cliff  batteries,  which  inflicted  more  damage  on  them  than  all  the  guns  of  the  granite 
oasematod  forte  put  together,  will  render  even  iron-clads  cautious  how  they  approach  those  elevated 
batteries,  capable  as  they  are  now  of  being  armed  with  guns  of  the  heaviest  calibre.  Batteries  of 
this  nature  in  time  of  war  would  be  supported  and  supplied  by  magazines  and  depots  situated 
inland,  and  easily  accessible  by  tram-roads  or  otherwise. 

Earthen  batteries  may,  at  an  emergency,  be  easily  thrown  up,  and  by  the  use  of  strong  timber- 
framing  and  earth  even  mount  a  second  tier  of  guns.  Many  of  the  Confederate  batteries  during 
the  late  American  war  were  of  this  construction ;  but  the  materials  they  are  composed  of  should 
be  always  at  hand,  and  therefore  they  are  inapplicable  on  rocky  cliffs,  shiugly  beaches,  and 
similar  sites. 

Fig.  1993  shows  a  cheap  earthen  battery  open  at  rear  for  seven  guns  of  any  calibre  up  to 
800  Ibs.,  the  cost  of  which  with  bomb-proof  magazines,  traverses,  &c.,  will  not  exceed  800/.  a  gun. 
It  is  similar  to  a  very  excellent  battery  lately  constructed  onHatherwood  Cliff,  near  the  Needles, 
in  the  Me  of  Wight. 


1993. 


a,  Terre-pleiu.     6,  Magazine,     c,  Ann-shed,    d,  Gunners'  quarters,     e,  e,  Traverses.  - 


Figs.  1994,  1995,  show  sections  of  an  earthen  battery  covering  a  strong  wood  framing,  forming 
casemate  below,  similar  to  many  erected  by  the  Confederates  during  the  American  war. 


1994. 


1995. 


Longitudinal  Section.     Scale,  24  ft.  to  an  in. 


Figs.  1996,  1997,  plan  and  section  of  Fort  Powell,  in  Mobile  Harbour,  a  combination  of  earth- 
work and  timber. 

Class  4. — Earthen  Batteries,  with  Accommodation  in  Rear  for  Troops  and  Stores,  $c.,  with  dosed  Loop- 
holed  Gorge  and  enfiladed  Ditches  in  Front  and  on  Flanks. — Mounted  with  heavy  guns,  batteries  of 
this  nature  are  a  most  useful  element  of  defence  for  our  commercial  harbours,  and  the  rivers 
leading  to  our  principal  maritime  emporiums,  &c.  They  are  constructed  generally  on  the  most  com- 
manding positions  and  have  ample  acco  mmodation,  in  low  flat-roofed  buildings,  for  their  garrison 


in  the 
as  to  1 
hood.     The    guns,  which 
may  be   of   the  heaviest 
calibre,  fire  either  en  bar- 
bette or  through  earthen 
embrasures  protected  with 
iron  shields.      The  ditch 
in  front  and  on  flanks  is 
often  further  defended  by 
a  loop-holed  Carnot-wall 
and    flanking    caponniere 
chambers.      Of  this  class 
are  batteries  lately  erected 
to  protect  the  channel  of 
the  Humber,  the  entrance 
to  the  Orwell  and  Stour 
rivers  near  Harwich,  the 
new  batteries  on  each  flank 
of    Southsea  Castle,   and 
various  other  points  on  the 
coast.     Moncrieff  gun-pita 
will  be  equally  applicable 
to  batteries   of  this  con- 
struction as  the  last ;  ample 
shelter  for  gunners  is  pro- 
vided  in   the   interior  of 
traverses,  passages  to  ma- 
gazines,  &c.     These  bat- 
teries in  connection  with 
floating  or  hidden  obstruc- 
tions would  make  the  ap- 
proach   to    our   principal 
maritime  towns,  situated  a 
few   miles   inland,  nearly 
impossible ;    the    gunners 
also  enjoying  good  quar- 
ters, not  subject  to  the  in- 
convenience or  dangers  of 
casemated  batteries. 
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well,  and  water-U^  . 
•  force  in  their  neighbour. 


Plan. 
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Section  on  line  A  B. 

In  the  construction  of  batteries  of  this  description  the  immensely  increased  penetrating  power 
of  modern  artillery  on  earth-works  must  be  taken  into  consideration.  The  penetration  of  •  600-lb. 
shot  fired  from  a  13-in.  gun  at  200  yards  is  esti- 

mated at  50  ft.,  and  a  150-lb.  9-in.  shot  at  the  1M«. 

same  distance,  30  ft. 

Fig.  1998  shows  Southsea  Castle,  with  aux- 
iliary earthen  batteries  and  defensible  gorge-wall 
in  rear. 

Figs.  1999  to  2001  show  a  2-gun  battery 
similar  to  those  on  the  Humber  and  near  Har- 
wich, with  Carnot-wall  in  ditch,  soldiers'  quarters, 
and  stores  in  rear.  The  unit  for  such  batteries 
may  be  considered  the  distance  from  centre  to 
centre  of  each  gun  mounted,  or  generally  from 
35  to  40  ft.  American  engineers  consider  this 
distance  ought  to  be  enlarged. 

Earthen  batteries  are  sometimes  armed  with 
mortars  which  will  make,  where  they  are  Seal*,  6*  to  a  mil*. 

mounted,  a  different  arrangement  necessary.  A>  old  Central  Work.    B,  Ntw  W««t  Battarjr. 

Figs.  2002,   2003,  show  a  unit  of  a  mortar  Q,  New  Ewt  llatury 

battery  containing  platforms  of  from  four  to  six 

mortars  in  a  group.    These  may  be  placed  in  the  moat  eligible  position*  for  rertical  flm.  and  tb* 
remainder  of  the  battery  armed  with  heavy  guns. 

Class  5.—  Single  or  Double  Tier  Casemated  Uatttntt,  faced  ritt  firmuU  mid  potM  vttk  from 
Shields  to  Embrasures.—  When  the  Defence  Commission  of  1860  made  their  mart, 

ncvfved 


casemated  batteries,  from  the  experience  the  thrn  nnnrmonred  ship*  bad 
and  the  Crimea,  were  in  high  favour;  it  wns  thrn  a 
granite  versus  iron  ;  and  in  the  representations  in  the 


in  tit*  BwU 

and  the  Crimea,  were  in  high  favour;  it  wns  thrn  a  question  of  (rranite  9tmu  oak,  not  •*  o« 

e  pictorial  papers  of  the  day,  UM  fraaite  I 
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1990. 


2001. 


Plan.  Scale,  300  ft.  to  an  in. 
References: — a,  a,  Glacis.  6,  6,  Slope  of  ditch,  c,  c,  Ditch,  d,  d, 
Curnot-wall.  e,  e,  Banquette.  /,  Capouniere.  g,  g,  Traverses,  h,  h, 
Expense  magazine.  »',  »,  Embrasures,  k,  Gun  en  barbette.  I,  Terre- 
plfin.  m,  Parade,  n,  Magazine,  o,  Quarters  in  rear,  p,  Entrance. 
q,  q,  Defensible  gorge-wall. 


8000. 


Section  on  line  A  B. 


2003. 


Unit  showing  two  guns 

and  traverses. 
Scale,  100  ft.  to  an  in. 

2002. 
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Plan. 

A,  Magazine.     B,  Traverses. 
C,  Mortar  beds. 
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tfection  on  line  A'B'.     Figures  show  height  above  high  water. 

of  Cronstadt  and  Sebastopol  presented  a  most  threatening  and  formidable  appearance.  Those  of 
Cronstadt  had  defied  our  attacks,  because,  as  military  critics  say,  they  were  never  made ;  and  in 
the  little  tussle  between  the  Allied  fleets  and  the  Sebastopol  batteries  it  must  be  confessed  that 
we  stood  in  considerable  awe  of  them,  and  kept,  with  one  or  two  exceptions,  at  a  most  respectful 
distance,  and  when  we  did  approach  nearer  got  the  worst  of  it.  The  destruction  of  the  Bomarsund 
defences  would  naturally  be  attributed  to  their  unfinished  state,  as  well  as  to  the  co-operation 
of  a  land  attack ;  therefore  the  Defence  Commission  were  rather  inclined  to  look  with  favour 
on  granite  walls  and  embrasures,  even  when  unprovided  with  iron  shields  or  platings;  and  we 
find  our  most  important  and  expensive  works  were  proposed  to  be  executed  in  that  material,  and, 
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with  the  (in  the  course  of  time)  necessary  alterations  and  additions  for  iron  shield*  to  embrasures, 
have  been  so  constructed.  We  may  instance — the  Garrison  Point  and  Isle  of  Grain  defence*,  "f«r 
Sheerness ;  the  Thames  and  Medway  forts;  the  important  position  of  Gillkicker  and  Huret  Castle 
in  the  Spithead  and  Solent  defences  of  Portsmouth  Harbour ;  many  works  also  in  the  Plymouth 
and  Milford  Haven  defences.  But  more  recent  experience  has  shown  ua,  in  batteries  at  the  wat.  r- 
level,  or  only  moderately  elevated  above  the  same,  even  when  furnished  with  iron  shield*  to 
embrasures,  that  solid  stone  piers  offer  but  a  joor  resistance  to  the  heavy  guns  of  modern 
warfare.  Unfortunately,  many  of  our  forts  were  already  thus  built  before  the  experience  of  the 
late  American  war  was  acquired ;  and  to  plate  them  with  iron  now  would  cost  nearly  aa  much  M 
their  original  construction ;  and,  indeed,  in  many  cases  when  they  tin-  n-tin-d  from  the  water's  edge 
would  not  be  necessary.  It  is,  however,  probable  that  for  the  future  granite  will  cut.  r  much  less 
into  our  coast  defences  as  an  element  of  resistance  than  it  has  hitherto  done.  An  inspection  <  : 
diagram  we  give,  of  a  granite-faced  iron-embrasured  coast  battery,  Figs.  2014,  2015,  snows  a  nr 
defective  construction,  for  if  the  intermediate  piers  be  battered  down,  the  abutments  of  the  gr»iii«-<l 
arches  necessary  for  the  movement  of  the  guna  within  will  be  destroyed,  and  the  whole  of  the 
bomb-proof  masonry  and  guns  on  terre-plein  above  will  become  a  heap  of  ruins.  The  attention 
of  our  engineers  is  now  directed  to  a  simpler  mode  of  construction,  in  which  wrought-iron  girders 
and  iron-buckled  plates  covered  with  concrete  and  earth  will  probably  supersede  brick  arches 
altogether,  unless  in  cases  where  the  end  of  the  arch  itself  goes  through  the  external  walls,  and 
direct  fire  will  not  affect  its  stability.  Batteries  of  this  nature  are  composed  of  units,  the  unit 
being  a  casemate  for  one  gun ;  a  battery  of  any  number  of  guns  therefore  consists  of  as  many  units 
arranged  in  as  many  tiers  as  may  seem  desirable.  The  store  and  magazine  accommodation  in 
generally  in  the  basement,  where  the  external  walls  are  solid,  and  of  great  thickness,  and  it  will 
be  necessary  to  provide  for  at  least  200  rounds  of  shot  and  shell  for  each  gun,  tx-.-i.l.  >  nil  necessary 
tramways,  lifts,  &c.,  for  the  easy  conveyance  of  the  heavy  missiles  we  now  use,  and  the  fall  of  one 
of  which  might  endanger  the  safety  of  the  whole  battery.  These  magazines  are  lighted  by  oil 
lamps,  with  thick  plate-glass  fronts  and  reflectors,  and  fixed  through  apertures  in  the  external 
walls.  In  many  cases  during  the  late  American  war  it  was  found  necessary  to  revet  stone-fitted 
batteries  with  sand-bags. 

Figs.  2004  to  2006  are  a  plan  and  sections  of  Fort  Sumter,  which  after  a  long  resistance  was 
finally  destroyed  by  the  Federal  American  fleet.  It  is  not  a  favourable  example  of  a  casematod 
battery,  as  the  casemates  are  small  and  confined,  and  the  thickness  of  the  walla  appears  insufficient. 

2004. 


BARBETTE  TIERAND  PARADE 


Sect  to. i  OQ  line  C  D. 


S.vtion  on  line  A  B. 


Figs.  2007,  2008,  show  plan  and  sections  of  the  unit  of  a  single-ti* 
Turret  guns  or  heavy  guns  en  barbette  may  be  mounted  on  top.    In  thu 

'  Vi  'a    200SMio  ^Olllare  a  coast  battery  with  a  small  keep  in  roar,  mounting  thirteen  guns  in 
casemates  and  eight  heavy  rifled  guns  on  terre-plein,  from  Von  Wunnbs'  'Lefii 


lOrlllcU.     Oil      11119     plJLLl^H-MUf      «  U*V**  -~      -"-I 

other  countries  have  already  commenced  plating 
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200T. 


200«. 


Section  on  line  A  B. 


Plan  of  Terre-plein.     Scale,  100  ft.  to  f  in 


Plan. 


2011. 


Section  on  line  A  B. 


2012. 

A        O 


2013. 


Section  on  line  A  B. 


Plan. 
Scale,  48  ft.  to  an  in. 
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however,  that  total  reconstruction  will  be  in  many  cases  found  necessary,  M  it  WM  with  oar 
men-of-war  a  few  years  ago. 

Class  6. — Iron-clad  isolated  Forts  plated  on  Stone  Walls,  or  independent  Iron  Conttrvctiont. — Tb«ra 
are  in  progress  now  the  stone  bases  of  four  marine  forts,  200  ft.  di»met<  r.  «t  Siiitlu-ail.  n- 
of  an  elliptical  shape,  but  nearly  of  the  same  mean  dimensions,  on  tin-  Sh<«\vl  lt.«-k,  l«-hi'id  the 
Plymouth  Breakwater.  Recent  experiments  at  Shoeburyuess  would  seem  to  point  out  that  tbo 
resisting  face  or  iron  construction  of  these  forts  should  be  quite  unconnected  with.  niul  indepen- 
dent of,  the  internal  arrangements  of  masonry  or  brickwork,  forming,  as  it  were,  un  external  shell 
round  same.  The  plating  of  granite  walls  with  iron  plates,  connected  by  heavy  bolU  and  acrewt, 
we  have  always  considered  to  be  a  mistake,  as  the  elasticity  and  continuity  of  ranteriul  which  might 
permit  it  on  the  wooden  sides  of  ships  are  much  wanting  either  on  walls  of  granite  or  briek 
Kussians  are  attempting  a  sort  of  plating  on  their  Cronstadt  forts;  but  practical  men  doubt  of  its 
ever  being  effective,  and  the  expense  of  plating  walla  with  railway  iron  and  such  uutiU  material 
in  the  American  war  led  to  no  satisfactory  results  when  opposed  to  heavy  guns.  The  internal 
arrangements  of  forts  of  this  nature  will  differ  little  from  those  of  the  caaemated  granite  forte 
uhown  in  Figs.  2014,  2015. 

MA 


Mft 


Plan.     Scale,  80  ft.  to  an  in. 

References:— a,  a,  Powder  lifts.    6,  6,  Shell  lifts,  c,  c,  Light  boxe«.    d,  d.  Iron  shieldi.    «, 
feting  and  light    apertures.    M,  Stone  piers.     P,  M,  Powder  magazine*    S,  S,  Sh 
L,  Laboratory.     N,  Terre-plein. 

Sir  J.  F.  Burgoyne,  in  his  letters  to  the  Secretary 
of  State  with  reference  to  the  defence  works,  dated 
20th  February,  1867,  observes:— "The  circumstances 
under  which  it  is  most  requisite  to  apply  iron  defends 
on  the  fullest  scale  are  where  batteries  are  necessarily 
placed  in  very  exposed  and  isolated  situations,  and 
where  the  area  of  the  site  on  which  guns  can  be  placed 
is  unavoidably  restricted ;  such  as  in  the  sea  or  i 
very  few  analogous  positions  on  shore,  where  founda- 
tions are  costly  and  where  the  works  are  subject 
concentrated  fire  from  a  large  number  of  powerful  u-on- 
platcd  men-of-war. 

"  On  the  shore  where  the  space  is  not  limited  and 
where  guns  are  more  or  less  dispersed,  or  in  channels 
where  there  is  no  probability  of  ships  being  able 
engage  batteries  for  a  lengthened  period,  it  u»  COTJ 


:       ..     -  "••      •• 


unci  ico  4^1.  c*  AV,**^  ***'     —  i  — 

to  apply  iron  in  the  form  of  ihiddl 


th*t  part  of  the  work  abort  UM 
„  ut..on  w.  .ul. I  nthrrwiae  be  very  weak. 
toe  tea,  no  enibnwurca  are  neo*a»ry, 

erroneously  supposed  to  have_none.    If^tended  t  "SiS!****  -— 


earth-covered  buildings. 
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In  throwing  tip  earthen  batteries  of  any  size,  the  i  ni/iiiei T  should  study  the  geological  peculi- 
arities of  the  .site,  nature  of  the  formations,  Ac.  Many  serious  failures  iu  our  earth-works  have 
occurred  by  the  neglect  of  this  precaution,  especially  near  the  junction  of  the  chalk  and  tertiary 
formation.-^  and  in  the  various  drift  deposits  on  our  southern  coasts. 

When  earth-works  are  to  be  thrown  up,  the  proper  drainage  of  the  natural  surface  beneath 
them  should  be  considered,  so  as  to  prevent  the  accumulation  of  water  in  the  earth  formed  as  a 
rampart.  This  should  be.a  preliminary  step,  and  is  too  often  overlooked,  causing  constant  slips  in 
the  slopes  formed. 

Karth- works  should  be  formed  in  layers  not  more  than  15  in.  in  thickness,  and  well  rammed. 
Occasional  thin  beds  of  burnt  ballast  or  shingle  should  be  used,  and  agricultural  drain-pipes 
so  laid  as  to  conduct  off  all  superfluous  water  as  quickly  as  possible. 

Slopes  steeper  than  45°  can  hardly  be  formed  without  the  employment  of  built  sodwork,  which 
experience  proves  is  very  liable  to  decay.  Flat  slopes  may  be  either  covered  with  flat  sods  or 
soiled  with  fine  mould  and  sown  with  selected  grass  seeds,  with  roots  calculated  to  form  a  fibrous 
network. 

Conduct  all  rainfall  off  your  works  as  rapidly  as  possible,  by  means  of  surface,  pipe,  or  other 
drainage. 

Give  your  guns  plenty  of  room,  and  let  their  platforms  or  racer-blocks  be  firmly  bedded. 

If  iron  plating  Ibe  used,  let  its  form  be  simple  and  with  as  few  bolts  as  possible,  and  let  nil 
ironwork  of  embrasures  be  painted  the  same  tint  as  the  surrounding  material,  whether  grasswork 
or  granite,  so  as  not  to  present  a  distinguishing  mark  at  a  distance. 

Karth-works  should  be  formed  as  free  from  shingle  or  loose  stone  on  the  external  covering  as 
possible,  although  in  some  cases  a  core  of  such  material  may  be  found  convenient  to  use ;  one  of 
chalk  forms  an  excellent  nucleus  for  a  battery. 

The  comparative  cost  of  earth,  concrete,  granite,  and  iron,  in  relation  to  their  comparative 
strength,  may  be  estimated,  taking  earth  as  the  unit,  as  1,  3,  10,  50.  Concrete  costs  10  times  as 
much  as  earth,  but  offers  3  times  the  resistance ;  granite  100  times  as  much,  but  10  times  the 
•ice ;  and  iron  40  times  as  much,  but  from  2000  to  3000  times  the  resistance. 

Every  battery,  no  matter  how  small,  should  be  provided  with  a  well  or  tank  for  the  supply  of 
water. 

The  position  of  the  flag-staff  of  a  coast  battery  should  be  such  as  to  draw  off  the  fire  of  an 
enemy  to  a  point  where  it  will  do  as  little  harm  as  possible,  as  it  is  often  the  only  target  for  an 
enemy  to  fire  at. 

Let  all  artificial  lights  in  magazines,  &c.,  be  so  placed  that  no  concussion  can  displace  them. 

No  ventilating  shaft  or  passage  should  be  made  which  could  admit  of  the  direct  entrance  of 
any  missile  into  a  magazine  or  passage  of  same. 

And  finally,  gunners  should  be  made  to  feel  perfect  confidence  in  the  stability  of  the  batteries 
they  are  appointed  to  defend,  and  in  the  sufliciencv  of  shelter  and  means  of  supplying  ammuni- 
tion to  the  guns,  and  cover  for  the  wounded. 


TABLE  I. — SHOWING  PROBABLE  MAXIMUM  PENETRATION  OF  PROJECTILES  IN  VARIOUS  MATEBIALS. 
(Appendix  to  Eeport  of  Committee  on  Fortifications,  1868.) 


Maximum  Penetration  in 

Nature  of  Gnn. 

Karth. 

Concrete. 

Brickwork. 

Rubble 
Masonry. 

Granite,  (a) 

Iron 
Plating.(b) 

Remarks. 

ft. 

ft. 

ft. 

ft. 

ft. 

in. 

12-in.     ..      . 

50 

15 

15 

10 

15 

(a)  The   destructive 

10  „      ..      . 

45 

14 

14 

9 

., 

14 

effect  of  a  shot  in  frac- 

9 „      ..      . 

40 

12 

12 

8 

2 

11 

turing  granite,  extends 

8  „      ..      . 

35 

11 

11 

7 

.. 

10 

far  beyond  the  limits  of 

7  „      ..      . 

30 

9 

9 

6 

.. 

9 

actual  penetration. 

110-pounder   • 

28 

8 

8 

5 

.. 

6 

(b)  The      thickness 

70       „ 

24 

7 

7 

4 

5 

given  are  those  of  single 

40       „ 

16 

5 

5 

3 

.. 

4i 

plates,  which  are  just 

20       „ 

12 

4 

4 

2 

4 

capable  of  keeping  out 

12       „ 

0 

2 

2 

1 

•• 

3 

a  shot. 

TABLE  II. — SHOWING  PROBABLE  MAXIMUM  PENETRATION  OF-  SPHEBICAL  MORTAR-SHELLS 

IMPINGING   WITH    THE   GREATEST    VELOCITY   WHICH   THEY   CAN  ACQUIRE   IN   AlB. 


Nature  of 

Maximum  Penetration  in 

Shell. 

Earth. 

Concrete. 

Brickwork. 

Rubble  Masonry. 

ft.   in. 

ft.  In. 

ft.    in. 

in. 

X 

13-in.            6    0 

1    6 

1     6 

8 

10   „             40 

10               10 

7 

8  „             30 

08               08                  6 
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TABLE  III.— SHOWING  COVERING  FOB  BOMB-PROOF  CoNSTRrcnoNs,  SDUCUIITLAB  ABCHHL  ASU 
ARCHES  or  120°.    (Report,  1869.) 


COVERING  FOB  BOXB-I-BOOF  CASEMATE. 

Span. 

Semicircular  Arches. 

Arches  of  120°. 

fenuita. 

Block  Stone.    Brick.    Rubble  Stone. 

Block  Stone.     Brick.  '  Hubble  Stone. 

ft. 

ft.    in. 

No.           ft    ia 

ft.   ia 

No.           ft.    In. 

5 

0    9 

1 

0  11 

0  10 

1 

1    0 

Tin-  thicknewc*  •.• 

6 

0  10 

1 

1     0 

0  11 

It 

1     2 

this  Table  for  arche*  arc 

8 
10 

1     0 
1    2 

1* 
If 

1     2 
1    4 

1     2 
1    3 

11 

4 

1    4 

1     G 

not  iu  tuemaelvei  adequate 
to   retfi*t    the    eoocuwion 

12 

1     3 

1* 

1     G 

1    4J 

2 

1    8 

of  the  fall  or  expiation  of 

14 

1    4 

1* 

1    8 

1     G 

2 

1  10 

the  charge  of  13-in.  shclU. 

16 

1     5 

2 

1     9 

1     7 

ti 

2     1 

They  arc  calculated  in  all 

18 

1     6 

2 

1  10 

1     8 

4 

2    2 

OMea  to  bo  protected  by  a 

20 

1     7 

2* 

1  11 

1    9 

3 

2    4 

further  covering  of  from  2 

22 

1     8 

3* 

2    2 

1  10 

»* 

2    6 

to  8  ft.  of  concn-te,  or  fruiu 

21 

1    9 

3* 

2    4 

2    0 

4 

3    0 

4  to  G  ft.  of  earth. 

TABLE  IV. — SHOWING  WEIGHT  AND  ENERGY  OF  GUNS  AND  PROJECTILES. 


Weight  of 

Initial 
Velocity  with 

Energy  or  Punching 
Po»er  per  loch  of  IT-,-.  «„,_. 
shot's  drcumfertnc*.     ?SLz?: 

Higbwt 

Gun. 

Projectile. 

Highest 
Charge. 

Charge. 

At 
Muule. 

At 

' 

Cast-iron  Smooth  Bore. 

tons.  cwt. 

Iba. 

Ibs. 

ft 

foot-ton  §. 

(MM 

fcot-lOM. 

32-pounder      
8-in.  shell      

2    18 
3      5 

32 

49J 

10 
10 

1690 
1488 

'• 

68-pounder      

4    15 

68 

16 

1579 

46 

18 

452 

Wrought-iron    Muzzle-loading 

Rifles. 

7-in 

6     10 

115 

22 

1430 

75 

52 

1143 

8.. 

9      0 

180 

30 

1880 

88 

66 

12      0 

250 

43 

1840 

111 

85 

1408 

18      0 

400 

00 

12UO 

148 

188 

:>•  • 

11 

25      0 

600 

70 

1212 

163 

187 

12   

30     19 

600 

100 

The  following  statements  will  show  the  financial  position  of  our  defence  work,  from  the  period 

of  the  first  report  of  the  committee  until  1869. 

TABLE  A— ORIGINAL  ESTIMATE  OF  THE  DEFENCE  COMMMWOK  or  18fiO. 


Recommendation  of  Royal  Commtadoo. 

Already 

— 

•uiboilani.  bat 

ToUL 

Place. 

Purchase  of  Land.      Erection  of  Work*. 

not  ruled. 

Portsmouth   
Plymouth      
Pembroke      
Portland        

I. 
330,000 
755,000 
150,000 
100,000 
en  nnn 

£. 
2.070,000 
1,915,000 
450,000 

* 
400,000 
850.000 
165.000 
880,000 

2.800.000 

..  ,  .  ....    • 

,.;,,.,.,     , 

.000 

J'.il    Iktfl 

M<  •<!  way  and  Sheemesa      .  .  / 
Chatham        
Woolwich      
Dover     

180,000 
300,000 
20,000 

1400,000 

1.170,000 
41X1.000 

T'II  000 

000 

1.:     '.' 
1     • 
:     • 
120.000 

Cork      

600.000 

Armament  of  works    .  . 
Floating  defences 

'  " 

•• 

1,000,000 

Totals    ..      .. 

1,885,000 

7,005,000 

1,460,000 

___^____^_— 

i: 

_—  —  —  ——  — 

1000  COAST  DEFENCES. 

When  the  report  of  the  commission  was  considered  by  Government,  it  was  determined  to  raise 
the  money  for  worka  and  lands  by  loan,  aud  to  provide  for  the  armaments  and  floating  defences  in 
the  annual  estimates. 

Omitting,  therefore,  these  last  two  sums  (1,500,000/.),  the  commissioners'  estimate  may  be 
divided  thu«  :  — 

£. 

For  completion  of  works  authorized  previous  to  1860      ......       1,610,000 

For   new   works    recommended    by   the    commiaiion,    including"!     Q  _.A 
1,885,000/.  for  land    ....................  /    8.7*°'°° 

Total      ........    .......  £10,350,000 

This  amount  was,  however,  in  the  first  instance  reduced  by  Government, 
by  the  omission  of  several  important  items,  namely  :  — 


460,000 

4oo'°(") 

Pembroke       ..       Reduction  in  number  of  land-works  ......          150,000 

Medway  ..      ..       Grain  Spit  Fort     ..............          100,000 

Woolwich       ..       Total  amount         ..............          700,000 


8,540,000 
Government  added,  however, 

Dover,  additional 30,000 

Central  Arsenal  (afterwards  omitted)         150,000 

180,000 


First  reduced  estimate       ......     £8,720,000 

In  proposing,  however,  the  first  vote  to  Parliament,  further  works  were  omitted,  namely:  — 

£..  £. 

Amount  proposed  by  Government         ..............     8,720,000 

Portsmouth     ..       Connecting  lines      ........  20,000 

Plvmouth  /Part  of  N.E.  defences  and  the  whole)  ,  soo  nno 

•'     \    oftheSaltash       ........  J  1,800,00 

Chatham..      ..       W.  defences      ..........        700,000 

Pembroke       .. 


!"1  *   DUmber  °f  }      250,000 


2,150,000 

And  a  further  reduction  for  workg  provided  for  in\      OQn  nnfl 
A  Estimates,  1860-61          ..      ..       .......  /        90'00 

-      2,540,000 

Remaining  to  be  provided  by  loan    ..  £6,180,000 
TABLE  B.  —  ESTIMATED  EXPENDITCEE  FOB  COMPLETION. 

£.  £. 

h  ~T*A  A^F*  „  „<,  /outer  line    .  .      .  .  550  ,000 

rLand  defences  (inuerline  ;;          320;000 

Portsmouth  J  Spithead  defences  ........       1,387,000 

'•       Isle  of  Wight  defences  ......          163,000 

Needles  defences,  including  Hurst\        n(n  t\nn 
\    Castle  ........      ..      ../        261'°° 

-  2,681,000 
/Harbour  defences  ........          455,000 

"     \Landdefences       ........          763,000 

-  1,218,000 
/Sea  defences  ..........          265,000      • 

"     \Landdefences       ........          130,000 

-  395,000 
Portland                /Verne  Citadel        ........           125,000 

\Nothe  and  Breakwater  Batteries          316,000 

441,000 

Gravesend  or     /Forts  at  Coalhouse,  Cliffe,  Shornemeade,  and\        ,9n  nnn 
Thames  defencea  \    Slough        ..     ..     ..     .......  .     ..}       420'00 

Carried  forward    ........     £5,155,000 
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TABLE  B.— ESTIMATED  EXPENDITURE  FOB  COMPLETION— <x>*ii***L 


Medway  . 

Chatham 

Dover 

Cork 


Brought  forward     

|  Isle  of  Grain,  Sheerness,  lloo,and  Da  met  Forta 

\Sheernese  laud  defences      

East  defences        

Castle  Hill  Fort,  Dover  Castle,  Western  Heigbiu 
Spike  Island,  Carlii  ulen  Fort 


Incidental  expenses,  works,  and  experiment*    . . 
Lands,  including  all  legal  and  surveyors'  charges 

Total 


5.155.000 

.000 
40,000 

7"  ) 

801.000 
189.000 

6.11)0.000 

165.000 
1.115.000 

£7.470.000 


And  if  turrets  and  turn-tables  be  provided,  as  recommended  by  tho 
Fortification  Committee,  probably  270,000/.  in  addition. 

A  further  summary  of  the  cost  of  these  works  given  in  the  '  Report  of 
the  Committee  appointed  to  inquire  into  the  Construction,  Cost,  &c.,  of  the 
Fortifications,' 1869,  gives  a  total  of  £7,951,437 

TABLE  C  SHOWS    THE  NUMBER    OP   HEAVY  RIFLED   GUNS  REQUIRED  FOB  TH*  ARJUMKXT  or 
SEA  BATTERIES  ERECTED,  OR  IN  COURSE  OF  BRECTION,  UNDER  TUX  LOAN  FOR  Dcrvxcm 


Description  of  Gun. 


Name  of  Work. 

13nGnn, 
36  Tons. 

LI    ,.f 
18  Tot* 

for 

17  Toot. 

fof 

•tToM. 

Portsmouth    ..  ' 

Plymouth 

Pembroke 

Portland 
Thames  .. 

f  Horse  Sand  Fort   
No  Man's  Land  Fort     
Spit  Bank  Fort      

10 
10 
4 

4 
4 

24 
24 
9 
6 

17 

14 
18 
19 

H 
'i 

1 

14 
0 

H 
H 
20 

25 
25 

*4 
4 
20 
18 
H 
5 
61 

s 

9 

19 
7 
21 
7 

'5 
11 
IS 
6 
8 

17 
15 

4 

6 

4 

• 

4 

10 
» 

4 
4 

7 
15 
15 

H 

• 

s 

4 
5 
4 

St  Helen's  Fort                   

*Puckpool  Battery         
Hatlierwood  Battery     

Cliff  End  Butteries       

•• 

Southsea  Batteries        
Gillkicker  Battery        

1 

5 
6 

Plymouth  Breakwater  Fort 
Picklecombe  Battery    
Mount  Edgcumbe  Battery   
Drake's  Island  Battery        

4 
'5 

Stack  Rock  Fort    

6 

Hubberstone  Battery   

•• 

Chapel  Bay  Battery     
St.  Catherine's  Fort     
Proud  Giltar  Battery   
East  Moor  Battery       

» 

k  Freshwater  West  Battery    

IE.  Verne  Battery         
Portland  Breakwater  Fort         ..      .. 

*  Puckpool  bcsidei  mount*  Uilrly  13"  bowitwrt. 


•       •"  • 
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TABLE  C — continued. 


Name  of  Work. 

Description  of  Gun. 

12"  Gun,        10"  of 
25  Tons.      18  Tons. 

9"  of 
12  Tons. 

7  "of 
r>  J  Tons. 

Medway  .. 
Cork        ..      .. 

/  Grain  Fort      

11 

4 
4. 

4 
10 
36 
11 
11 
2 
2 

12 

o 

8 

12 
6 

j  Grain  Battery        

1   Garrison  Point  Battery        
(   Hoo  Fort        

|    Darnet  Fort   

V  Cheney  Rock         

1  Spike  Island  

Carlisle  

General  Total 


896 


*  Two  guns  in  turrets. 

Fig.  2016  shows  a  general  plan  of  the  defences — coast  and  inland — of  Portsmouth,  Spithead, 
and  Isle  of  Wight. 

2016. 

|       5     if.     3,.  a 

rARENAM    '    \JL*<>      O      <>        «x       / 

6;,-'PORTSDOWNHILL 
i  ;*••. 


Land  Defences. 

1.  Fort  Purbrook. 
Widley. 
South  wick. 
Nelson. 
Wellington. 
Fareham. 
El  son. 
Brockhurst. 
Rowner. 


10.    „     Grange. 


'».-.:;=-• 

ST   CAT  HERIMES.PT 

I  (CUT 

REFERENCES. 

11. 

Fort  Corner. 

9. 

Puckpool  Battery. 

21. 

Fort  Monckton. 

1-'. 

Hilsea  Lines. 

10. 

Bembridge  Fort. 

22. 

Blockhouse  Point, 

11. 

Yaverland  Battery. 

23. 

Point  Battery. 

Coast  Defences. 

12. 

Redcliff  Batteiy.  " 

24. 

Southsea  Castle. 

I. 

Needles  Battery. 

13. 

Sandown  Fort. 

25. 

Lump  Fort. 

2. 

Hatherwood  Battery. 

14. 

Athei-field  Battery. 

26. 

Eastney  Fort. 

a. 

Warden  Point. 

15. 

Brook  Battery. 

27. 

Fort  Cumberland. 

4. 

Cliff  End. 

16. 

Hurst  Castle. 

28. 

Spit  Fort. 

5. 

Fort  Victoria. 

17. 

Calshot  Castle. 

29. 

Horse  Sand. 

6. 

Goldenhill. 

18. 

Browndown  Battery. 

30. 

Xo  Man's  Fort. 

7. 

Freshwater  Battery. 

19. 

Stoke  Bay  Lines. 

31. 

St.  Helen's  Fort. 

8. 

Yarmouth  Battery. 

20. 

Gillkicker  Battery. 

COAST  DEFENCES. 
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Fig.  2017,  plan  showing  defences  of  Plymouth  as  roeoinmen<led  by  commiaitoQ  of  1800. 

2017. 


1.  Breakwater  Fort. 

2.  St.  Nicholas  Island  Fort. 

3.  Bovisand  Battery. 

4.  Mount  Edgcumbe  Battery. 

5.  Picklecombe  Battery. 

6.  Cavvsand  Battery. 

Fig.  2019,  plan  of  Portland  Harbour  and  its  defences. 


Scale,  }  in.  to  a  mile. 

REFERENCES. 

7.  Polhawn  Battery. 

8.  K.  Kin?  ami  W.  Kinj?. 

9.  Knatterbury  Hill  and  Mnk.-i 

Heights. 

10.  Tregantle  Fort, 

11.  Scraesdon. 


12. 

14.  Suddoo  work*. 

15.  Hooe  Uk«  Fort. 


Scale,  i  in.  to  a  mile. 
References .— A,   Veme   Rittory. 
B,  Nothe  Fort.    C,  Breakwater  Fort. 
I),  Blacknor  Fort. 
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COFFEE-HULLING  MACHINE. 


Fi?.  2018  shows  the  defences  at  the  entrance  of  the  Thames  and  Medway.     The  channels  will 
be  further  protected  by  obstructions,  floating  and  hidden. 


2018. 


1.  Isle  of  Grain  Fort  and 

Battery. 

2.  Grain  Tower. 

3.  Garrison  Point. 


BEFEBENCES. 

4.  Sheerness  Lines.  7.  Chatham  Lines. 

5.  Hoo  Fort.  8.  Tilbury  Fort. 

6.  Darnet.  9.  Coalhouse  Point. 


10.  Cliffe  Creek. 

11.  Shornemeade  Battery. 

12.  Slough  Battery. 


2020. 


V^r 


See  ABMOUB.    ABTILLERY.  BATTEBY.   FORTIFICATION.   GUNPOWDER.    MATERIALS  OF  CONSTRUC- 
TION.   ORDNANCE. 

Works  on  Coast  Defences : — Baron  P.  E.  Maurice,  '  On  National  Defence  in  England,'  8vo,  1852. 
Sir  R.  Gardiner,  'Considerations  on  National  Defence,'  8vo,  1860.  'Reports  of  the  Defence  Com- 
mission of  I860,'  and  that  of  1869.  General  Barnard,  '  Notes  on  Sea-coast  Defence,'  8vo,  New 
York,  1861.  G.  P.  Bidder,  jim.,  "National  Defences,"  'Minutes  Inst.  C.  E.,'  1861.  Laisne',  'Aide 
Me'moire,'  edit.  1864.  '  Report  of  the  Secretary  of  the  Navy  on  Coast  and  Harbour  Defences,' 
Washington,  1865.  Von  Scheliha,  'Coast  Defence,'  1867.  Commander  J.  S.  Barnes,  'On  Sub- 
marine Warfare,'  8vo,  New  York,  1869.  Von  Wurmbs,  '  Lehrbuch  der  Kriegs  Baukunst.'  Brial-' 
mont,  'De'fenses  des  Etats.'  Straith's 
'Fortification.'  Sir  J.  Burgoyne, 
'  Papers  on  Military  Subjects.'  '  Aide 
Memoire'  of  Royal  Engineers,  and 
Professional  Papers  of  same  corps, 
New  and  Old  Series.  '  Reports  of  Ar 
tillery  Experiments  at  Shoeburyness.' 
Articles  on  "Our  Fortifications"  in 
'The  Times.'  Captain  Piron,  'Essai 
sur  la  De'fense  des  Eaux.'  '  Les  Ports 
Militaires  de  la  France,'  par  MM. 
Eymen,  De  Boro,  Hubert,  Bouchet  et 
Calvet,  8vo,  Paris. 

COFFEE  MILL.  FB.,  Moulin  a 
caff,  GEB.,  Kaffeemiihle ;  ITAL.,  Maci- 
nello ,  SPAN.,  Molino  de  caff, 

See  MILLS. 

COFFEE-HULLING  MACHINE. 
FB.,  Machine  a  e'grener  les  grains  de  caff; 
GEB.,  Maschine  zum  schalen  der  Kaffee- 
bohnen  ;  ITAL.,  Macchma  da  sgusciare  il 
caffe ;  SPAN.,  Maqmna  para  descascarar 
cafe. 

Sections  of  A.  Angell's  Coffee-hulling  Machine  are  shown,  Figs.  2020,  2021.    The  coffee  is  fed 
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;  Br^  A***. 
*»*• 


See  GEARING. 


COIL.    F*.  Glme;  GER.,  Avfyeschouaut  Tau  ;  ITAL.,  £occA*tto  find****,;  SPA*..          a. 

EtetoHnagnrte  Induction.-  An  induction  coil  has  an  influence  by  which  an  dectric  Vs       ,     - 
current  produces  magnetic  polarity  in  certain  bodies  near  or  round  "which  it  DMH 
circuits"'         ct™  Induction  "•  tne  influence  by  which  a  magnet  excites  eleetrioenrrcnts  in  closed 

The  Induction  Coil  of  J.  Kidder,  Fig.  2022,  consists  in  arranging  the  fine  insulated  win»  which 
composes  the  helix  or  helices,  U,  O,  used 
upon  a  magnet  S,  G,  for  obtaining  an  induced 
current  or  currents,  either  wholly  or  in 
greater  quantity  at  or  near  the  centre  of  the 
length  of  the  magnet,  or  what  is  termed  its 
neutral  portion,  in  combination  with  the  \  « 

arrangement  of  the  inner  or  primary  coil  S, 
and  its  core  of  soft  iron  G.  The  said  helix  or 
helices  are  made  adjustable  upon  the  magnet 
between  the  poles  of  S,  D,  and  the  so-called 
neutral  portion  thereof,  for  the  purpose  of 
varying  the  power  of  the  induced  current. 
S,  G,  D,  is  securely  fixed  to  the  base  T.  See  BORING  AND  BLASTI  NO,  p.  573.  TELBGRAPBT 

COKING  OVEN.  FB.,  Four  a  coke;  GER.,  Coaksofen;  ITAL.,  Fonuot  da  am;  SPA*  '  I/onto 
para  hacer  coke. 

See  OVENS. 

COLLAR.     FR.,  Crapaudine  ;  GER.,  Spur-ring  oder  Spurscheibe  ;  ITAI*,  Cottar*  ;  SPAK.,  AtuOo. 

A  collar  is  a  ring-like  part  of  a  machine,  used  commonly  for  restraining  irregularity  of  motion 
or  for  holding  something  to  its  place  ;  as  the  collar  of  a  pump  or  •team-cylinder,  which  U  a  plate  of 
metal  screwed  down  upon  the  stuffing-box,  with  an  aperture  through  which  the  piston-rod  pun*  ; 
the  collar  of  a  shaft  used  to  prevent  the  shaft  from  shifting  its  place  endwise,  and  th- 

A  collar-beam,  or  collar,  is  a  horizontal  piece  of  timber  connecting  and  bracing  two  opposite 
rafters. 

COMBING  MACHINE.    FR.,  Peigneuse  ;  GER.,  Kamm  Maschine  ;  ITAI~,  Uacckina  da  ptttmart. 

See  FLAX  MACHINERY.    WOOL-WORKING  MACHINERY. 

COMPASS.    FR.,  Doussole;  GER.,  Compass;  ITAL.,  JRussola  ;  SPAN.,  fintjuli. 

A  compass  is  an  instrument  consisting  essentially  of  a  magnetized  needle  turning  freely  on  A 
point,  used  to  determine  horizontal  directions,  in  reference  to  the  north  and  other  cardinal  point*. 

An  Azimuth  compass  is  one  constructed  like  the  Mariner's,  except  that  the  card  U  accurst*  ly  divided 
into  360°,  and  the  instrument  is  furnished  with  two  eight*,  and  baa  a  motion  in  azimuth.  It  m 
chiefly  used  to  note  the  actual  magnetic  azimuth,  from  which  is  determined  the  variation  or 
declination  of  the  magnetic  needle. 

The  Mariner's  compass  is  one  which  has  its  needle  permanently  attached  to  a  card  so  that  both 
move  together.  The  card  is  divided  into  thirty-two  parta  or  poinU,  callt-d  aUo  rhumba.  and  the 
glass-covered  box  containing  it  is  suspended  in  gimbals*,  in  "nlrr  topreaenre  it*  hnrimoUl  podtton. 

A  Surveyor's  compass  is  one  having  the  needle  suspended  by  itself,  and  with  a  graduated  efrcl* 
of  360°,  on  which  the  needle  indicates  the  angle  between  a  given  direction  and  the  mafiMtio  north. 
It  is  also  furnished  with  two  sights. 

Variation  compass,  one  of  delicate  construction  employed  in  obacrrationa  on  tho  variation*  of  the 
needle.  See  COMPASSES. 

COMPASSES.    FR.,  Compos;  GER..  Zirkel  ;  ITAL.,  Conspani;  BPAK.,  Compaq 

A  compasses  is  a  simple  instrument  for  describing  circles,  measuring  figure*,  and  in  on.  It  consist* 
of  two,  or  rarely  more,  pointed  branches  or  logs,  usually  joined  at  tho  top  by  a  rivet,  on  which  they 
move. 

Compasses  used  for  drawing  purposes  admit  of  many  refinements,  and  rarr  in  mnstnMtiaB  fa 
many  ways.     With  draughtsmen  the  first  eoMUUratfoi  U  •  perfect  joint,  of  the  making  of  which 
there  are  two  distinct  methods,  one  adopted  pretty  generally  on  the  Continent  end  maetteM  I 
England,  called  the  long  joint,  and  tho  other  the  itctorjonU.    In  the  long  joint*,  the  head  e 
some  distance  down  the  body,  as  shown  in  Fig.  2023  ;  conseouently,  with  the  eketin 
passes,  a  larger  amount  of  surface  comes  continually  into  action,  pmdwrinK  ntoph  fM 
and  stiffness  when  the  instrument  is  nearly  closed  than  whrn  it  is  wide  OMB. 
the  joint  ;  its  only  merit  is  that  it  requires  little  skill  in  making,  as  it  admit! 
work  has  been  commenced  improperly.    It  is  universally  used  for  eoaMMB 
it  answers  very  well  if  properly  made.    The  other  form  of  joint  in  n*,  torhntoaJly 
joint,  Fig.  2024,  is  now  made  to  all  oompaaiee  with  any  pretence  to  i>*d  qoaJ 
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ship.  In  this  joint  the  working  surfaces  are  of  circular  form,  equally  distributed  around  tho 
c.-iitrf  :  eoiiM-qiiently.  the  Compasses  move  with  equal  pressure  whether  nearly  closed  or  wide  open. 
It  is  not  necessary  to  screw  the  centres  of  sector-jointed  compasses  tightly,  as  the  surfaces  are  not 
required  to  eome  in  perfect  contact— for  this  reason,  that  after  the  sector  joint  is  made,  the  work- 
nmii  lulirieate.s  between  the  joint  with  hot  beeswax,  which  aids  in  producing  that  peculiar  dead- 
ness  in  mov.  meiit  -••  much  esteemed  in  the  sector  joint.  If  the  joint  be  made  true  the  wax  \\  ill 
ne\er  leave  it.  The  writer  ha.s  parted  sector  joints  which  have  had  twenty  years  of  constant  wear; 
the  wax  apj*  ared  tho  same  in  quantity  as  when  first  introduced, 
although  it  was  blackened  ;  the  amount  of  wear  on  the  plates  not 
baring  beat  sufficient  to  take  out  the  fine  file-marks  which  were 
left  tanking  the  joint.  This  is  a  peculiarity  of  the  sector  joint 
which  no  other  joint  posac^ 

The  sector  joint,  to  attain  perfect  movement,  should  be  tight- 
ened and  loosened  as  little  as  possible,  thus  allowing  it  to  form  its 
own  surface.  Care  should  be  taken  that  no  oil  gets  upon  the 
joint,  as  it  speedily  dissolves  the  wax  and  spoils  the  joint. 

The  met  hi  K!  of  trying  if  a  joint  is  perfect  is  to  open  the 
compasses  until  they  are  in  line,  and  then  to  close  them  again 
very  slowly,  noticing  if  equal  pressure  is  required  at  all  open- 
ings :  this  will  test  the  evenness  of  the  joint.  Another  important 
consideration  is,  that  the  centre  should  fit  perfectly ;  to  examine 
tliis  it  will  be  necessary  to  take  the  compasses  about  half  open, 
and  close  and  open  them  alternately  and  quickly  for  as  small  a 
distance  as  possible,  as  it  were  to  feel  the  joint.  In  doing  this, 
if  the  centre  should  not  fit,  a  slight  jerk  will  be  felt  immediately 
after  commencing  to  open  or  close  them.  Improperly-made  sector  L  Jomt< 
joints  are  worse  to  work  with  than  improperly-made  long  joints. 

With  regard  to  compasses  with  changeable  points,  there  are  two  ways  of  fixing  the  points  to 
the  compasses :  in  one  manner  by  an  angular  pin  which  fits  into  a  socket  and  is  secured  by  a  screw, 
and  the  other  very  much  better  plan  of  a  cylindrical  socket  opened  on  one  side,  so  that  it  forms  a 
spring.  In  the  first  plan  the  screw  is  always  slipping  its  thread  or  getting  lost.  The  opening  legs 
of  Drawing  compasses  are  occasionally  made  of  tubes ;  these  are  termed  Tubular  compasses.  These 
have  inner  tubes,  or,  what  is  better,  solid  bars,  fitted  telescopically,  which  extend  the  legs  to  take 
higher  radii  if  required.  With  tubular  compasses,  the  points  turn  on  an  axis,  so  that  there  are  no 
loose  pieces;  these  kind  of  compasses  are  preferred  by  many  mechanical  draughtsmen.  A  smaller 
kind  of  compasses,  termed  bows,  have  a  handle  above  the  head  joint.  In  the  common  English  con- 
struction of  this  instrument  the  opening  joint  is  placed  very  near  to  the  centre  of  the  instrument. 
This  is  obviously  wrong ;  the  opening  joint  should  be  placed  as  near  to  the  top  of  the  instrument  as 
is  consistent  with  allowing  just  sufficient  length  to  form  a  handle.  The  hollows  are  better  placed 
sloping  inwards  than  outwards.  In  compasses,  Figs.  2025,  2026,  of  a  superior  class,  the  points  of 
which  are  made  to  carry  needles,  Stanley,  of  Great  Turnstile,  Holborn,  has  made  improvements 
which  are  said  to  obviate  the  general  shakiness  of  these  points.  Instead  of  splitting  the  point  down 
in  the  English  fashion,  or  boring  a  cylindrical  hole  up  the  point,  in  the  Continental  fashion,  to  con- 
tain the  needle,  in  the  new  plan  a  conical  hole  is  bored  from  the  back  of  the  point,  so  that  when  the 
needle  is  pressed  into  the  hole  it  is  wedged  sufficiently  to  hold  it  firm.  The  back  of  the  needle  is 
secured  by  a  cross-bolt,  which  holds  the  needle  more  firmly  than  it  is  held  in  any  other  pian  in  use. 
Stanley  also  makes  another  point,  especially  for  tracings.  In  this  point  the  needle  is  pressed  for- 
ward by  a  soft  spring,  so  that  it  merely  bites  the  surface  of  the  paper  sufficient  to  make  a  circle 
without  entering  it  in  a  perceptible  degree.  This  is  a  very  useful  point  for  tracing  from  old 
drawings  with  large  centre-holes,  or  in  a  general  way  for  a  draughtsman  with  a  heavy  hand. 


2025. 


2026. 


Enlarged  Section  of  Stanley'*  Spring  Point. 
2027. 


Section.       Front  of  Point. 


New  Adjusting  Beam  Compasses. 


Beam  Compasses,  Fig.  2027. — These  are  distinct  from  those  described  above,  in  having  no  joint ; 
the  distance  between  the  points  being  obtained  by  a  pair  of  heads  sliding  on  a  lath  or  beam.  The 
points  are  made  plain,  or  for  ink  and  pencil,  as  in  the  ordinary  drawing  compasses.  The  general 
method  of  fine  adjustment  is  by  a  screw  at  the  end  of  the  beam  which  is  made  to  carry  one  of 
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the  beads  with  its  motion.  A.  Strange  has  introduced  a  new  adjustment  in  these  beam  compasses. 
now  being  used  in  plotting  the  survey  of  India.  This  id  shown  i  ;  It  eonsisMof  » 

point  with  a  socket  joint  fitted  into  the  end  of  the  beam  compaasea.  The  point,  after  being  pro- 
perly  ground  to  its  socket  and  fitted  with  a  milled  head  above,  i*  1*  ut  K.  low  the  socket,  «u  that  the 
point  is  made  an  eccentric.  In  taking  a  distance  oft"  with  this  benm.  nft.-r  clamping  the  movable 
head  as  nearly  as  possible  to  the  distance  required,  the  mill,  d  head  is  slightly  turned  either  way 
and  the  point  brought  exactly  to  the  position  with  great  precision  and  ease. 

Reconnoitring  Compass,  for  the  use  of  military  men,  travellers,  geologist*,  and  to  on. — Every  timTeller, 
when  exploring  a  new  country,  should  be  provided  with  a  portable  compass,  to  find  hi*  wav  when 
the  sun  or  the  stars  are  not  visible.  Such  an  instrument,  to  be  complete,  should  be  capable  of 
being  used  in  the  hand,  as  well  as  of  being  placed  on  a  stand,  for  the  purpose  of  observing  hori- 
zontal angles.  We  ought  also  to  be  able  to  place  it  upon  a  board  M.I 
purpose  of  setting  it,  by  means  of  notches  d  in  the  centres  of  the  squires  of  the  plane. 

The  compass  which  we  give  appears  to  satisfy  all  these  conditions.  As  usual  for  this  kind  of 
instrument,  it  is  in  the  form  of  a  watch ;  it  has  a  small  pendulum  P  for  observing  vertical  angle*. 
The  following  are  the  additions  which  have  been  made  to  it : — 

1 .  A  small  flat  piece  6  b  has  been  fixed  to  one  side ;  the  use  of  this  part  ia  to  observe  horizontal 
or  vertical  angles.    For  these  latter  angles  it  offers  special  advantages  when  the  observer  wishes 
to  take  inclines  which  do  not  reach  the  eye,  as  in  the  case  of  the  profile  of  a  distant  mountain. 

2.  The  bottom  of  the  compass  has  been  provided  with  a  female  screw  C,  Fig.  2028,  for  the  pur- 
pose of  fixing  it  to  a  table  by  means  of  the  screw  </,  or  to  a  stand  by  mean*  \uble  rest  T", 
Fig.  2030,  similar  to  the  one  described  for  Burel's  level.    They  are  affixed  to  the  compass  in  the 
same  way  as  a  key  to  a  watch. 

3.  A  small  reflector  A,  quicksilvered  half  upon  one  face,  hulf  upon  the  other,  and  turning  upou 
a  hinge  F,  Figs.  2028,  2029,  is  fixed  to  the  ring  of  the  compa.ss.    This  r  \es  as  a  limb 
when  the  instrument  is  placed  upon  a  stand,  or  even  when  held  in  the  hand.    When  on  a  stand, 
dipping  or  descending  angles  are  observed  on  the  upper  side  of  the  reflector,  and  ascending  angle* 
on  the  lower  side. 

When  held  in  the  hand,  the  eye,  being  situated  above  the  limb  to  observe  descending  *nglfft 
may  at  the  same  time  read  the  degree  marked  by  the  needle ;  but  in  the  case  of  ascending  *"g^*f» 
the  eye,  being  situated  below  the  compass  to  see  the  opposite  side  of  the  reflector  A,  cannot  sve 
the  degrees.  To  remedy  this,  Captain  Hossard  quicksilvered  a  portion  A'  of  the  glass  of  the 
compass.  By  this  means  we  may  see  the  image  of  the  eye  in  the  reflector  A',  and  make  it  coincide, 
in  the  same  vertical  plane,  with  the  image  of  the  object  observed  reflected  by  the  reflector  A. 
When  the  planes  perpendicular  to  A  and  A'  coincide,  they  form  a  plane  perpendicular  to  the  binge 
F,  and  consequently  a  new  reflecting  limb,  which  is  such  that,  the  point  observed  Ix-ing  eitunt.-d 
above  the  eye,  the  eye  may  at  the  same  time  be  situated  above  the  compass,  and  thu*  read  the 
degrees  marked  by  the  needle.  A  small  flat  piece  of  mica  g,  adapted  to  the  extremity  «.f  the  com- 
pass-needle, enables  the  observer,  by  inclining  it  a  little,  to  apply  friction  to  the  limb,  and  so  arrest 
its  oscillations. 


2029.     This  cord,  passing  through  in  II  to  the  opposite  side  of  the  compass,  allows  it  to  be  sus- 
pended for  the  purpose  of  taking  directions  in  mines.    This  compass  costs  i 

Field-glass  with  Support  and  a  Micrometer  for  determining  distances.—  Having  procured  a  level  and 
a  compass,  a  third  instrument  not  less  useful  is  requisite  :  this  is  the  field-glass,  not 
distinguishing  distant  objects,  but  for  determining  distances  by  the  addition  of  a  : 
its  focus     Those  are  most  portable  and  clear  which  reverse  the  objects 
euce  for  those  who  are  accustomed  to  such  glasses.    A  small  micron..  -t.-r,  engraved  «. 
in  which  the  millimetre  is  divided  into  8  or  10,  is  sufficient  to  determine  d 
accuracy  by  means  of  the  formula  X  =  "4,  x  100,  in  which  X  ia  the  distance  from  the  object  to 
the  object-glass  ;  H  the  size  of  the  object;  h  the  number  of  divisions  which  it  intarepU  .poo  the 
micrometer  ;  <t>  a  constant  coefficient,  determined  by  experiment  when  X 
is  the  focal  distance  of  the  object-glass,  measured  in  parts  of  the  uacrametc 
X  =  -  *  x  100  is  engraved  upon  the  cover  of  the  field-glass  with  the  value  of  *,  which  rariesfrom 

11  to  12.  A, 

We  find  also  upon  the  cover  another  formula  X  =  jffj  relative  to  the  case 


being  unknown,  two  successive  observations,  h  and  A',  are 


/?,V,  Z«*/.-The  advantage,  poase-ed  by  this  instrument  «e  :- 

1    The  simplicity  of  its  construction  and  reel 

I  K  Sei  wHh°.0h"KU  U  -i,  «.  i»  ,hc 
4.  The  smallness  of  its  size. 
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Description  of  the  Instrument.—  The  principle  upon  which  thia  level  i*  constructed  U  thin,  namelr 
that  the  Hue  A  A,  Fig.  20153,  which  joius  the  centre  of  the  eye  and  the  centra  of  iU  rofloetk 
horizontal  when  the  reflector  is  vertical. 

The  instrument  consists  of  a  reflector  B  fixed  in  a  small  pendulum  C.  which  naturallr  retain* 
the  vertical  position  by  turning  alxmt  the  horizontal  axis  D,  by  means  of  a  tingle  piece  of  ribbon. 
A  lid  E,  Fig.  2034,  fitted  to  the  tube  F,  shuts  in  the  instrument  and  protect*  it  from  the  wiud  An 
aperture  K  K  in  the  tube  F  allows  the  reflector  to  be  seen;  this  aperture  U  d<***l  by  turning  a 
second  tube  G.  A  stopper  H  closes  the  tube  F  at  the  bottom. 

To  use  the  instrument,  withdraw  the  stopper  II,  open  the  aperture  K  K.  and  looking  into  the 
reflector,  bring  the  image  of  the  eye-ball  upon  its  edge,  so  as  to  make  it  coincide  with  the  object 
towards  which  the  operator  is  looking. 

When  great  accuracy  is  required  the  instrument  must  be  placed  on  a  stand.  The  rcenlU  thiu 
obtained  have  been  equal  in  point  of  accuracy  to  those  given  by  the  M,>i  fit-level.  [A  remit 
established  from  experiments  made  at  Lyons  by  order  of  Lieut.  mint-General  Rohnult  do  Floury, 
who  was  the  first  to  conceive  the  idea  of  applying  the  principle  of  n  ll.<-t;  n  t<>  I 

When  an  approximative  value  is  sufficient,  the  tube  may  be  held  in  tin-  hand. 

These  levels  were  first  constructed  with  a  double  MpeiMloB  ;  it  lias  aince  been  discovered  that 
one  is  sufficient.  They  also  bore  in  the  middle  of  the  relic  ct<  >r  a  horizontal  line;  thu  line  wac 
found  to  be  embarrassing,  especially  when  the  instrument  was  used  in  tin-  hand  ;  it 


the  holding  of  Ihc  image  of  the  eye  upon  it,  which  was  always  a  dinicnlt  <>|««  ration  ;  many  forgot 
it,  looked  only  upon  this  horizontal,  and  thus  obtained  an  in<'lined  line  of  hi-ht. 

Rectification  of  the  fnstrument.  —  The  reflector  B,  Figs.  2033,  203.1.  is  quick.*ilv(  red.  hnlf  upon  one 
side,  half  upon  the  other.  It  follows  from  this  arrangement  that  the  instrument  in  rrvenfii 
that,  if  it  is  properly  set,  we  ought  to  obtain  the  same  result  by  using  either  fare  of  the  reflector. 
This  arrangement  renders  the  rectification  of  the  instrument  very  <  :»y.  and  enables  tw  at  any 
moment  to  verify  its  adjustment.  When  its  adjustment  is  not  correct,  it  may  be-  rtx-tilied  by  mean* 
of  the  screw  L  which  presses  upon  the  reflector  and  changes  its  inclination. 

This  mode  of  rectification  supposes  the  two  faces  of  the  reflector  parallel. 

Measuring  and  Tracing  Inclines.  —  To  render  the  instrument  capable  of  measuring  or  tracing  incHnea, 
a  rod  J  furnished  with  a  heavy  head  I  is  introduced  into  the  holeM  in  the  |>eiidiiliini  <  .  Fig.  2033. 
The  reflector  thus  assumes  an  inclined  position,  and  the  trigonometrical  tangent  of  the  angle  of 
inclination  sought,  is  proportional  to  the  distance  from  the  centre  of  gravity  of  the  weighted  rod  to 
the  reflector. 

,The  division  of  the  tube  J  is  founded  upon  the  following  demonstration,  due  to  Gonlier. 

lA  heavy  rod  ()  P,  Fig.  2036,  is  suspended  at  the  point  O.  Its  centre  of  gravity  is  nt  A.  Under 
the  action  of  weight,  this  rod  is  vertically  in  equilibrium. 

Suppose  at  the  point  A,  at  right  angles  with  O  P,  another  rod  A  B  fixed  to  it  in  nny  manner  : 
suppose  the  centre  of  gravity  of  this  second  rod  at  the  point  B,  what  will  be  the  position  of  equi- 
librium of  the  system  ? 

Let  pp'  be  the  weights  of  the  two  rods  applied  at  the  points  A  and  B  ;  their  resultant  p  4-  )>' 

passes  to  the  point  G  of  the  line  A  B  determined  by  the  relation  -r-^  =  -; 

The  system,  under  the  action  of  the  force  p  +  p'.  will  turn  about  the  point  O,  until  O  liai 
arrived  at  G'  upon  the  vertical  passing  through  the  point  O. 
Let  us  now  determine  the  angle  <t>. 

GB  +  AG?      p  +  p'        AB     p  +  p' 
We  deduce  from  ihe  relation  -  -r-^  -  =  -  —  »  or  TTj  =  —  "D  —  • 

Now  AG  is  the  trigonometrical  tangent  of  the  angle  <f>,  therefore  AC  =  R  tan.  f,  whence 

AB          p' 

tan.  <(>  =  -^-  x 


R       P  +  P 

But is  a  constant  quantity  K,  therefore  tan  4>  =  A  B  x  K ;  tan.  f  U,  therefore, 

R  ( p  +  p') 
proportional  to  A  B. 

If  the  rod  A  B  be  divided  into  equal  parts,  wo  shall  have  Ihe  measure  < 
To  effect  the  division  of  the  rod,  the  tangent  of  the  angle  *  must  be  determined  < 
this  value  introduced  into  the  equation;  from  thin  wo  may  deduce  the  muni-  r  .,| 
Binding  to  this  particular  value  of  the  angle.   We  shall  then  have  merely  tc 

upon  the  rod.  •*  u*  IK     i  in  in  * 

If  now  we  wish  to  take  Ihe  angle  of  a  plane  with  the  hot* 
greater  or  less  degree;  this  will  cause  the  mirror  to  incline,  mid  vfc 
Side  with  the  obiect  looked  at  upon  the  line  of  inclination,  tl,.-  n  fleeto 
incline     The  angle  of  the  reflector  with  the  vertical  (the  angle  *)  equal*,  tb 

of  wood,  Fig.  2037,  fitted  to  the  tube  F  ;  or  of  copper.  1     r  ' 

When  we  have  to  measure  an  incline  the  tangent  of  ^•""fr**?"***  I*S1J 

cylinder  I  must  be  drawn  out,  and  the  MI 
the  end  of  the  tube  M'  may  be  adapted  nt 


face  of  the  reflector  brought  forward,  and  M' 
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It  is  obvious  that  the  axis  D  must  be  Imri/outal  to  enable,  tlio  ribbon  to  which  the  reflector  is 
suspended,  mid,  consequently,  tho  wliolo  system,  to  turu  freely  under  the  action  of  the  rod.  It  lias 
been  found,  however,  that  on  holding  the  instrument  in  the  hand,  its  weight  is  sufficient  to  move 
tho  apparatus  in  u  vertical  plane.  Thus  we  have  the  required  condition  of  exactness. 

Level  rctiii'-f'l  to  the  /icjlcttinq  Pendulum  and  tts  A  >/ -,  Kiir.  2035. — The  instrument  has  been 
rd  need  to  it.-.  Min|i]est  expression  by  retaining  only  the  pendulum  (',  with  its  reflector  15,  and  its 
nxis.  In  this  condition  it  is  still  very  convenient  to  use  in  the  hand,  even  in  taking  inclines;  but 
it  i-  mure  expoM-d  to  the  wind,  and  it  can  be  placed  upon  a  stand  only  by  means  of  a  screw-ring 
fixed  on  one  side  of  the  utaml  and  passing,  on  the  other,  through  a  little  cylinder  placed  for  this 
purpose  on  tho  upper  portion  of  the  level.  This  little  cylinder  i>  not  represented  in  the  l«'ig.  2035. 

Level  sercimj  as  a  Uoniomcter. — The  base  of  tho  tube  F,  Figs.  2033,  2034.  may  be  easily  divided 
at  every  five  degrees,  and  a  corresponding  portion  of  the  rest  T,  Fig.  2037,  inlaid  with  copper, 
serves  as  a  vernier. 


to  2017  are  front  elevations  of  the  mechanism  by  which  the  sliding  bar  hereafter  referred  to  is 
raised  and  lowered;  Figs.  2048,  2049,  are  a  side  elevation  and  a  plan  respectively  of  the  said 
mechanism;  Figs.  2500,  2051,  are  detached  parts  of  the  same.  The  same  letters  of  reference 
indicate  tho  same  parts  in  each  figure. 


2038. 


A1,  A*,  are  the  front  and  back  plates  carrying  the  several  parts  of  the  compass ;  O  is  the  com- 
pass card,  the  position  of  which  is  seen  in  the  several  figures.  The  said  card  O  is  furnished  with 
a  magnetized  bar  o1  carrying  sliding  weights  o3,  o3,  by  means  of  which  the  balance  of  the  card 
can  be  adjusted  as  required,  o2  is  a  metallic  ring  affixed  to  the  under-side  of  the  compass  card  O, 
the  ring  being  furnished  with  raised  letters  or  printing  types  indicating  the  points  of  the  com- 
pass, the  letters  or  types  of  the  ring  o2  being  situated  under  and  corresponding  to  those  on  the 
compass  card  O.  The  said  compass  card  fitted  with  its  printing  ring  is  suspended  by  and 
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turns  on  a  central  pointed  support  in  the  usual  manner,  aa  represented  in  the  figure*.  Tbe  oon» 
struction  of  the  compass  card  and  its  metallic  printing  riii£  will  be  readily  onderatood  by  an 
examination  of  Figs.  2042  to  2044,  Fig.  2042  rojin -M-nting  a  plan  of  the  uudi-r-ttidt-  < >f  the  cnmpaaa 
card  and  ring,  and  Figs.  2043,  2044,  cross-sections  of  the  eaiue  taken  at  right  angle*  to  one 
another.  Underneath  the  printing  ring  o*  of  the  compass  card  O  u  a  bar  R  |.n-vi.|.tl  with  avt 
screws  r,  r,  which  screws  r,  r,  by  being  adjusted  as  required  under  the  rii 

sive  vibration  of  the  said  ring  and  card,  d*  is  a  drum  on  the  axu  of  the  fu*ee  hereafter 
described.  Over  this  drum  and  the  pulleys  c/4,  d*,  an  inking  rihboa  d*  j»mrm.  which  ribbon  ia 
kept  in  a  state  of  tension  by  the  said  pulleys  d4,  d*.  One  of  the  axes  <P,  </*,  upon  wbiefa  the 
pulleys  c/,  c/,  are  mounted  is  fixed  to  one  of  the  bars  d1,  and  the  other  of  th*  aaid  axea  it  fixed  in 
an  arm  ffl  which  is  jointed  to  the  other  bar,  the  said  arm  <P  Win^  preaiiod  outward*  by  a  apring 
d8,  Figs.  2038,  2039.  The  required  tension  in  the  inking  ribbon  </*  i*  thus  maintained.  The 


turn  on  the  axes  /,',  /,',  and  are  ^''V^™  ,£rd  •'•  .  <*abiaa  ti»  atrip*  p*fa*£ 

,1  little  below  the  printing  HIIRO of  *^«J«™  ,"• „.,,, 

is  printed.     By  an  examination  ol  I-  g.  2« Us.  -  •••  •  .JJJJJJJJ  ,/.  wi|M>e  ^JUy  •««.     J  U  a 
passes  over  the  cushion  I  and  jenrean  it  |«flMito»  /,/»*%•  •flw-    TW  bar  J  baa 

sliding  bar  having  guide-slots  j  , ./  ,  *<       "f '"..  »^  *   M  of  mcchaaiam  arttaUed  by  Uw «a«a> 

a  risinff  and  falling  motion  coinmuni.^!..!  t.  .......... 


.          ... 
f^^^  pMatr  bar/  J. 


• 
I 
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with  the  oresser  bar  j?  is  a  rod  /,  which  on  each  descent  of  the  bar  J  presses  upon  the  inking 
ribbon  </*,  and  thereby  leaves  on  the  paper  A»  a  dot  indicating  the  exnct  direction  of  the  ship's 
head,  the  pressure  exerted 
by  the  said  rod  j*  being 
moderated  by  a  coiled  spring 
;">.  The  rising  and  falling 
motion  of  the  sliding  bar  J 
inn!  the  feeding  forward  of 
the  inking  ribbon  d*  and 
t-trip  of  paper  A*  are  effected 
nt  the  proper  times  by  me- 
chanism constructed  and 
actuated  by  clockwork  in 
the  following  manner:  —  B 
is  a  clock  dial  for  indicating 
the  time,  the  said  dial  being 
fixed  to  the  plate  A* ;  C  is 
the  spring  or  going  barrel  of 
the  clock;  D  is  the  fusee, 
which  is  wound  up  by  a 
handle  d1  on  its  axis.  On 
the  axis  of  the  fusee  is  the 
drum  d*  over  which  the  ink- 
ing ribbon  d*  is  passed.  By 
the  motion  of  the  said  fusee 
the  ribbon  J1  is  moved  slowly 
over  the  drum,  and  a  fresh 
portion  of  it  is  successively 
brought  over  a  blank  por- 
tion of  the  strip  of  paper  A* 
for  the  next  impression  of 
the  type  or  printing  ring  and 
rod.  Motion  is  communi- 
cated from  the  fusee  D  by 
means  of  toothed  wheels  d3, 
E1,  E2,  F1,  F2,  and  G  to  an 
axis  g1,  on  which  are  fixed 
a  counter -balance  </2  and 
snail-shaped  cam  g*.  The 
speed  of  the  axis  g1  is  re- 
tarded by  a  fly-wheel  S 
on  a  shaft  s1,  on  which  is 
fixed  a  pinion  s2  which  is 
driven  by  a  toothed  wheel 
g10.  To  the  axis  g1  a  lever  08, 
Fig.  2050,  is  fixed,  the  end 
g4  of  which  lever  constitutes 
a  detent.  To  the  free  end 
of  the  said  lever  g8  is  a  seg- 
mental  bar  <75,  which  is  fur- 
nished with  detents  06,  g7. 
The  detents  g*,  g6,  and  g7, 
operate  in  conjunction  with 
the  cam  L,  as  hereafter  de- 
scribed. The  said  cam  L 
is  shown  separately  in  Fig. 
2051.  Above  the  lever  ga  is 
another  lever  K  turning  on 
an  axis  kl  and  pressed  down 
by  the  spring  represented. 
The  said  lever  K  is  sup- 
ported by  an  arm  £2  and  cam 
g*.  The  lower  end  of  the 
arm  K1  of  the  lever  K  is 
turned  at  right  angles,  and 
upon  this  bent  part  the  cam 
<7*  acts.  The  lower  end  of 
the  sliding  bar  J,  by  which 
the  descent  of  the  printing 
ring  o2  upon  the  strip  of 
paper  h3  is  effected,  is  jointed 
to  the  free  end  of  the  lever  K. 
The  sliding  bar  J  is  raised, 

supported,  and  allowed  to  descend  at  the  proper  times  by  the  operation  of  the  cam  g*  upon  the  arm 
A2  of  the  lever  K,  to  which  the  said  sliding  bar  J  is  jointed  combined  with  the  operation  of  the  cam 
L  upon  the  lever  g8.  The  cam  L  is  double-acting,  the  portions  marked  /',  /2,  having  flat  faces, 
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Fig.  2051.  Tl.e  said  cam  L  is  fixed  on  an  axia  /*,  which  carries  the  •eoonda'  hand  of  the  dock. 
and  gives  motion  by  means  of  a  toothed  wheel  P  to  a  pinion  M,  which  u  connected  to  a  chrau 
meter  escapement  N,  by  which  the  motion  of  tlie  apparatus  u  regulaU  J.  The  toothed  wheel  I* 
connected  with  the  said  escapement  N,  carries  a  movable  pin  I*,  which  oooe  a  minute  aete  on  a 


2041. 


pin  J9  on  the  periphery  of  a  wind-up  barrel  J10,  so 
that  in  case  the  "going"  or  spring  barrel  C  is  run 
down,  the  motion  of  the  works  is  stopped.  The  action 
of  the  parts  for  giving  the  rising  and  falling  motion  to 
the  bar  J  is  as  follows : — When  the  parts  arc  in  the  re- 
spective positions  repiesonted  in  Figs.  2038  and  2045, 
the  sliding  bar  J  is  bupported  in  its  raised  position 
by  the  arm  k2  resting  on  the  cam  y*.  At  every  hulf 
minute  the  detent  </4  of  the  lever  g*  escapes  from  the 
part  /2  of  the  cam  L  by  the  rotation  of  the  axis  P  of 
the  seconds'  hand,  and  the  said  lever  g*  fall*  fn-in  th«- 
position  represented  in  Figs.  2038  and  2045  to  thnt 
represented  in  Fig.  2046  by  the  partial  rotation  of  the 
axis  i/1,  upon  which  the  said  lever  (/•  is  fixed,  the  cam 
g*  partaking  of  the  same  motion.  On  the  completion 
of  the  minute  the  detent  g6  of  the  lever  /  escape*  by 
the  further  rotation  of  the  cam  L  from  the  part  /',  and 
the  cam  u3  releases  the  arm  A*  and  allows  the  lever  K 
and  bur  J  to  fall,  the  said  parts  assuming  the  pc*  ' 
represented  in  Figs.  2047  to  2049.  Uy  the  dcnovnt  <.f 
'the  bar  J  the  printing  of  the  ship's  course  uj>on  _tl 
compass  O  being  depressed  by  the  prcsaer  W  f.  and  the  r 
make  a  dot  on  the  paper.  The  dot.-nt  //«  »f  the  ferer  /  havm* 
caused  the  descent  of  the  bar  J  and  the  printing  of  the  ship  •  ooone,  th 
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•which  is  of  slightly  greater  length  than  the  detent  gK,  rests  on  the  said  cam  L  for  two  seconds,  in 
order  to  defer  for  that  space  of  time  the  revolution  of  the  cam  <y3,  and  thus  prevent  the  undue 


2047. 


2048. 


vibration  of  the  compass  card,  which  would  result  from  the  too  sudden  rise  of  the  presser  bar  j7 
from  the  ring  o2  of  the  said  compass  card.     On  the  expiration  of  the  two  seconds  the  rotation  of  the 
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cam  L  permits  the  escape  of  the  detent ,/'  therefrom  and  allows  of  the  further  rotation  of  tb*  rt 
wliereby  the  said  cam  is  brought  round  to  the  position  represented  in  Fi 
and  by  acting  on  the  arm  If  of  the  lever  K  raises  the  bar  J  and  lifts  tht'pn-asuro  Ur  r  a 
/3  2049.  ^ 


The  lever  </s  having  been  brought  round  with 
the  com  </3  to  the  position  Figs.  2038  and  2045, 
the  said  lever  <f  is  again  ready  to  be  released  at 
the  proper  times  by  the  cam  L  and  cause  by  its 
action  the  descent  of  the  cam ./  and  the  conse- 
quent fall  of  the  bar  J  and  the  printing  of  the 
ship's  course  as  hereinbefore  described.  In 
Fig.  2041  the  printing  of  the  ship's  course  and 
the  centre  of  the  ship's  course  at  intervals  of  a  minute  upon  the  stripof  i  per  /.'  in  indicnt"!  in  «l«.tt«tl 
lines.  The  strip  of  paper  A3  is  shifted  on  the  raising  of  the  bar  J  so  as  to  bring  a  blank  pnrt  in  , 
for  the  next  impression  in  the  following  manner :— On  the  face  of  one  of  thr  drum.-  H:.  uj-.n  winch 
the  strip  of  paper  A3  is  coiled,  is  a  series  cf  pins  /**,  /*4,  one  of  which  pins  is  actt-d  upon  nt  end. 
of  the  bar  J  by  the  pawl/  joinred  to  the  lower  end  of  the  said  bar  J  :  an  inU-rmir. 
motion  is  thereby  given  to  the  drum  H2,  the  return  motion  of  the  said  drum  being  prrvont«tl  by 
the  pawl/,  which  turns  on  one  of  the  guide-pins/  of  the  bar  J,  Fig.  -ii:;s.  Attnchi-d  to  the  j»wl 
/  is  an  elbow  lever/,  by  means  of  which  the  said  pawl  /  can  be  thrown  into  or  <-ut  <-f  pur  with 
the  drum  H2,  as  may  be  required.  The  said  pawl/  is  furnished  with  a  catch  /  which,  whon  the 
said  pawl  is  out  of  gear,  as  indicated  by  dotted  lines  in  Fig.  2038,  rests  on  the  hoariiuj  A  in  whic-h 
the  axis  I3  turns  and  thus  prevents  the  descent  of  the  sliding  bar  J.  Uy  iiu-nti*  <>f  u  milled  button 
T  fixed  on  an  axis  t  connected  by  toothed  wheels  to  the  motion  work  of  the  handnnf  the  cWk.  the 
said  hands  may  be  set  as  required.  The  parts  of  the  mechanism  of  the  clock  which  I  have  not 
described  are  of  the  ordinary  kind.  The  whole  of  the  compass  is  su8]N-nded  on  gimbals  1'  1'.  to 
allow  for  the  motion  of  the  ship.  Instead  of  causing  the  descent  of  the  sliding  rod  J  and  the 
printing  of  the  ship's  course  at  intervals  of  a  minute,  the  clockwork  may  IK?  so  arranged  as  toraiue 
the  descent  of  the  said  rod  J  at  other  short  intervals.  In  England,  thus  compass  is  eonstraeted 
only  by  Elliott  Brothers,  London. 

Medley's  Minin/j-Compass,  or  Dial,  Figs.  2052,  2053,  invented  by  the  late  John  Hedley,  and  manu- 
factured extensively  by  John  Davis  of  Derby.    This  dial  {Kwaeaseu  many  advantages  over  U*e 

2052. 


1 .  The  Dial  as  an  ordinary  rigid  one. 

2.  Inclined  to  suit  the  declivity  of  a  pit. 


8.  Arc  attached  «t  plmmr*.  f«w  mctrtafeiaf  tfc*  ssflt »  At 

4.  Screw  for  moving  ih*  rowr. 

onlimry  nm%  and  te 
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a  ring  moving  on  centres.  This  ring,  Fig.  2053,  carries  the  eights,  and  can  be  moved  to  any  angle, 
the  centres  remaining  in  all  cases  horizontal.  To  the  ring  is  attached,  when  required  for  use,  a  gradu- 
ated arc,  which  gives  the  vertical  angle  and  difference  for  hypothenuse  and  base.  A  vernier  is  fixed 
to  the  horizontal  circle  for  dialling  with  the  fast  needle.  See  GEODESY.  HAND-TOOLS.  SUBVEYING. 

CONCRETE.     FB.,  Be'tvn;  GEU.,  GrundmSrtel ;  ITAL.,  Calcestruzzo ;  SPAN.,  llormigon. 

S;  ••  Ci  MIA  r.     r.iv-rui  iTin\.     LIME  AND  MOKTAU. 

CONDENSER.     FB.,  Cvndensateur ;  GEB.,  Condensator ;  ITAL.,  Condcnsatorc ;  SPAN.,  Condensador. 

See  DETAILS  or  ENUIM.S. 

CONSTRUCTION.  FB.,  Construct  ion  ;  GEB.,  Konstruction ;  ITAL.,  Costruzione ;  SPAN.,  Con- 
struction. 

This  article,  placed  under  what  we  consider  an  appropriate  term,  is  designed  more  for  artisans 
engaged  in  ordinary  building  operations,  than  for  civil  and  military  engineers. 

Foundations. — The  foundation  of  a  building  is  the  horizontal  platform,  either  natural  or  artificial, 
prepared  for  carrying  the  walls  and  superstructure.  It  must  not  be  confounded  with  footings,  which 
are  the  bases  of  walls  made  broader  to  distribute  the  weight  more  equally  over  the  foundation  ;  nor 
with  piers,  although  it  is  not  always  easy  to  define  where  a  foundation  ends  and  where  a  pier  begins : 
in  general,  all  those  parts  of  a  structure  which  are  sunk  in  the  natural  soil,  the  conditions  of  which 
are  therefore  different  from  those  parts  above  ground,  are  foundations. 

There  are  three  important  points  which  should  be  considered  in  all  foundations : — 

1st.  That  the  weight  to  a  unit  of  area  imposed  upon  it  should  not  be  more  than  it  and  the  sub- 
soil below  it  can  bear. 

2nd.  That  it  should  be  as  nearly  as  possible  homogeneous  and  equally  strong  tliroughout. 

3rd.  That  the  upper  surface  should  be  horizontal :  if  not  in  one,  then  in  several  planes. 

Foundations  particularized. 


1 .  Rock,  gravel,  and  such  unalterable  grounds. 

2.  Clay,  sand,  and  such  alterable  grounds. 

3.  Firm  ground  underlying  soft  ground. 

4.  Firm  ground  overlying  soft  ground. 

5.  Soft  ground  of  indefinite  thickness. 

6.  Concrete. 

7.  Fascines. 


8.  Piling. 

9.  Hollow  cylinders. 

10.  Foundations  in  water. 

11.  Loose  stones. 

12.  Coursed  masonry  and  concrete. 

13.  Caissons. 

14.  Coffer-dams. 


Rock. — It  is  generally  supposed  that  rock  is  a  dangerous  substratum  to  make  a  foundation 
platform  from;  for  it  is  rarely  that  rock  is  found  so  homogeneous  as  to  provide  a  large  horizontal 
surface  without  artificial  filling  in ;  and  it  is  difficult  to  make  the  filling  in  as  hard  as  the  rock 
itself,  which  it  should  be,  that  the  settlement,  if  any,  may  be  uniform.  Also  in  many  cases  of  in- 
clined strata  there  is  the  danger  of  one  part  of  the  strata  slipping  over  the  other  from  the  additional 
pressure  of  the  building. 

Renaud,  from  experience,  recommends  that  a  foundation  in  rock  should  never  be  less  than 
Om  •  3  in  depth,  for  security  against  slipping  and  detrusion. 

Hughes  gives  an  example  of  a  pier  of  an  aqueduct  50  ft.  high,  which  being  founded  partly  on 
rock  and  partly  on  gravel,  was  split,  owing  to  unequal  settlement. 

Gravel. — Many  consider  a  sound  thick  stratum  of  gravel  to  be  the  most  secure  foundation  possible. 
In  such  cases  it  is  only  necessary  to  sink  a  little  into  the  stratum,  rather  more  than  into  rock,  and 
to  take  care  that  the  area  of  foundation  is  proportional  to  the  weight  a  square  unit  the  gravel  is 
calculated  to  bear.  When  the  gravel  is  not  sound,  besides  the  latter  precaution,  it  is  advisable  to  sink 
deeper  and  fill  in  with  an  artificial  foundation  of  concrete  or  large  stones  or  hard  durable  timber. 

Sand. — When  in  thick  strata,  and  not  liable  to  be  moved  by  water  or  other  disturbing  cause,  sand 
forms  a  very  good  foundation  ;  it  is  desirable  to  sink  deeper  into  sand  than  into  gravel,  and  to  fill 
in  with  an  artificial  foundation  to  counteract  any  irregular  settlement  of  the  sand.  When  exposed 
to  the  action  of  water  or  any  other  moving  action,  however  slight,  sand  is  a  dangerous  foundation 
to  trust  to,  on  account  of  its  great  mobility. 

Clay  appears  to  be  considered  an  uncertain  and  troublesome  substratum  for  a  foundation,  on 
account  of  the  irregularity  of  its  strata,  and  its  action  on  being  disturbed ;  for  there  is  a  tide  in 
the  land  as  well  as  in  the  sea.  In  consequence  of  clay's  plasticity  and  its  retention  of  water,  it  is 
liable  to  yield  unequally  to  the  pressure  of  a  building,  and  to  move  irregularly  when  exposed  or 
cut  into :  consequently,  care  must  be  taken  both  to  spread  the  structure  over  a  large  area  of  founda- 
tion and  to  load  the  foundation  uniformly  in  the  course  of  the  construction.  Dobson  gives  examples 
of  the  expansion  of  clay  on  exposure  to  air  by  cutting  and  also  on  saturation  with  water.  In  the 
Box-hill  Tunnel  6  in.  was  allowed  for  the  expansion ;  and  in  the  Metropolitan  Railway  the  expansion 
of  the  clay  on  cutting  had  to  be  provided  for  in  the  centering  and  staging.  A  bed  of  clay  can  be 
sometimes  made  firmer  by  piling  or  by  making  holes  in  it  and  filling  them  with  stones  or  gravel :  the 
elasticity  of  clay  is  sometimes  so  great  that  Renaud  states  that  piles  are  often  forced  up  again  by 
the  action  of  driving  the  neighbouring  piles. 

It  frequently  happens,  especially  in  the  alluvial  banks  of  rivers,  that  below  the  soft  ground  of 
the  immediate  surface  lies  a  hard  stratum,  and  when  the  thickness  of  the  soft  superstratum  is  not 
great  (30  ft.  may  be  considered  a  maximum  for  ordinary  cases),  a  secure  foundation  may  be  obtained 
by  carrying  piles  or  piers  down  to  the  hard  ground  below  and  supporting  a  horizontal  platform  on 
their  tops.  These  may  be  wooden  or  iron  piles  driven  till  they  enter  the  hard  bottom  ;  or  piers 
formed  by  sinking  well-holes  through  the  soft  ground  and  filling  them  up  with  masonry,  loose 
stones,  or,  Renaud  says,  even  sand,  though  this  last  should  only  be  used  when  the  superstratum  is 
sufficiently  firm  to  resist  the  lateral  pressure  of  the  sand.  The  tops  of  these,  if  piles,  may  be  con- 
nected by  beams  and  planks  forming  a  horizontal  platform ;  or  if  piers,  by  arches  filled  in  at  the 
spandrils  to  a  horizontal  surface.  These  piles  or  piers  must  be  considered  as  columns  fixed  at  the 
bottom  and  calculated  accordingly,  without  trusting  to  the  lateral  support  of  the  intermediate  strata. 
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Firm  Ground  overlying  Soft  Ground.— In  some  cases  of  alluvial  foundations,  a  . 

tively  firm  of  gravel  or  clay  is  found  at  the  surface  or  near  it,  the  substrata  below 

softer.  In  such  cases,  if  the  weight  of  the  structure  is  not  very  great,  it  is  frequently  iVrsjrabUto 
leave  the  hard  crust  unbroken ;  but  then  the  area  of  foundation  should  be  enlarged,  beyond  what 
•would  be  used  for  the  same  stratum,  if  of  considerable  thickness ;  and  special  care  •*""iH  be  *nfm 
to  distribute  the  pressure  equally.  Also  in  these  cases  the  hard  crust  should  be  eat  into  as  little 
as  possible  for  any  purpose;  if  it  is  clay  there  is  danger  of  it  yielding  by  exposure  to  air  and  wet ; 
if  the  substratum  is  sand  there  is  danger  of  its  being  moved  by  the  action  causud  by  drainage  or 
any  operations  of  that  kind,  consequent  on  the  building. 

Soft  Ground  of  Indefinite  Thickness. — When  the  soft  superstratum  U  of  indefinite  or  rery  great 
thickness,  and  not  hard  enough  to  Jiwit  the  building  ii|»>n  it,  )>y  extending  the  area  of  the  msjkitr 
tiou,  it  must  be  supported  upon  piles  or  piers,  carried  sumciuutly  df«-p  th:it  th.  fn<-ti  -.\  ••:»  t!.  \r 
sides  will  be  enough  to  carry  the  weight.  In  the  case  of  piling,  they  should  be  closer  frgiHhff  than 
in  the  former  case,  and  the  heads  of  the  piles,  besides  being  eomeetad  t. '_••  th<  r  \\u:>  timber  frame- 
work, should  be  surrounded  with  a  mass  of  masonry  or  concrete,  to  di.-tnl.uti-  the  weight  and  add 
to  the  resistance.  If  piers  are  employed  they  may  be  of  masonry,  sunk  in  the  manner  that  wells 
are  formed,  and  which  are  used  as  foundations  by  the  natives  in  India,  or  they  may  be  hollow 
cylinders  of  iron. 

When  the  ground  is  exceedingly  soft,  there  is  considerable  danger  of  the  prossuici  on  that  part 
underneath  the  building  causing  that  part  surrounding  it  to  rise  above  its  original  level;  tnocmnter- 
act  this,  as  far  as  possible,  the  piling  or  piers  should  be  extended  beyond  the  area  of  the  foundation, 
and  the  ground  in  the  immediate  neighbourhood  should  be  consolidated  or  weighted  with  stones ur 
concrete,  and  as  few  excavations  as  possible  should  be  made  in  the  natural  soil.  It  is  also  necessary 
in  these  cases  to  equalize  the  pressure  all  over  the  area  of  the  foundation,  because  there  is  sore  to 
be  a  settlement,  however  small,  and  the  smallest  irregular  settlement  will  cause  a  break  in  the 
structure.  Equalization  of  the  pressure  on  the  foundation  will  not,  however,  prevent  an  absolute 
settlement,  nor  a  rising  in  the  neighbouring  ground,  which  latter  can  only  be  esonter  acted  by 
piling  and  counterbalancing  the  pressure  by  weighting  the  surrounding  |«rts. 

Concrete. — The  nature  of  concrete  that  should  be  used  for  a  foundation  depends  on  the 
of  the  soil  it  is  to  be  laid  in ;  the  object  in  all  cases  being  to  get  as  nearly  as  possible  a  hoawn 
bed  under  the  structure.    If  the  soil  is  dry,  a  concrete  of  sand,  gravel,  and  as  much  ordinary  lime 
as  is  necessary  to  produce  a  coherence  of  it  altogether  is  sufficient ;  as  it  is  little  more  than  a  bod 
of  coherent  gravel ;  but  then  it  must  be  spread  over  such  an  area  that  it  might  be  sloped  at  an 
angle  of  45°  from  the  outside  of  the  footings  of  the  walls,  down  to  the  bottom  of  the  foundation ; 
and  of  such  a  thickness  that  it  will  not  be  liable  to  crack  under  the  pressure.     For  ordinary  build- 
ings probably  from  2  to  3  ft.  is  sufficient.    If  the  soil  is  wet,  or  the  building  is  of  great  weight  or 
special  character,  the  concrete  should  be  made  of  hydraulic  lime  and  sand  and  broken  stones,  la 
about  the  same  proportions  as  would  bo  used  in  rubble  masonry  ;  that  is  to  say,  the  lime  •hould  bo 
about  |,  the  sand  about  f ,  and  the  broken  stones  about  f    These,  however,  must  be  considered  only 
as  average  proportions  for  medium  hydraulic  lime  and  ordinary  wet  soils:  the  proportion  of  USB* 
must  be  varied  inversely  as  its  quality  is  better  or  worse,  or  as  the  circumstances  U 
important.    In  such  cases  the  concrete,  if  properly  constituted  and  laid,  may  be  OODSM 
solid  coherent  mass,  capable  of  bearing  without  crushing  the  weight  the  square  foot  met 
recognized  tables  as  the  crushing  resistance  of  different  kinds  of  concrete,  a  pn»|«-r  c. 
safety  beiii"  used.    The  bed  of  concrete  must  also  be,  thick  enough  not  t»  break  by  tranr 
but  so  as  to  settle  in  one  mass  if  the  subsoil  yields.    These  two  considerations  will  ilntamlM  I 
area  of  the  bed  for  the  foundation. 

With  moderate  hydraulic  limes  and  common  limes  there  will  be  an  ex  me 
concrete,  consequent  on  the  slaking :  in  some  cases  the  lime  '"creases  to  dot 
this  may  be  almost  entirely  provided  for  by  allowing  time  for  tl 
before  laying  the  concrete ;  in  some  cases,  however,  the  Imir.  ,-r  ,o 
to  slake,  that  the  process  is  completed  alter  the  e..n.-r.-te  is  laid,  and 
able  to  consider  this  expansion  in  preparing  the  site  for  the  « 

As  the  principal  object  in  laying  a  bod  of  concrete  is  to  form  s 
hardens,  it  has  been  sometimes  recommended  that  it  rlmuld  I. 
j-i_  .-A  .  ii,: *;„„  i,/»vnv»r  h««  thn  disadvantage  of  separating  the  flue  fr 

allow  tb»  lisM  to 
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Authorities  differ  as  to  the  best  size  of  fascine  for  foundations ;  Pasley  recommends  6  in.  diameter ; 
Lewis  used  tin  m  lii  in. diameter  successfully,  as  a  foundation  fora3-gun  martello  tower  at  Holle.*li:y 
Bay  on  the  coast  of  Suffolk,  built  in  1812.  Hughes,  U.S.,  says  that  on  the  Dutch  railway  from 
Amsterdam  to  Utrecht,  they  used  two  kinds,  a  saucisson  of  Om>4  circumference  and  a  fascine  of 
Om-5  circumference.  But  all  agree  Unit  they  should  he  compactly  made  of  carefully-selected  wood. 
When  the  sward  of  a  site  of  the  town  was  removed,  preparatory  to  laying  the  foundation,  speaking 
of  the  operations  in  Holland,  the  ground  was  found  so  soft,  that  a  10-ft.  rod  was  easily  thrust  down 
the  whole  length  of  the  rod  with  the  hand. 

tract  from  Paper  by  I/uyhes,  U.S. — Description  of  the  Fascine  Foundation  of  the  Embankment  of  the 
Amstfrdam  and  Utrecht  Railway. — The  fascine  foundation  is  to  bo  formed  by  an  under  and  upper 
framework  of  hurdles  (saucissons)  O""!  thick,  with  a  backing  of  fascines  between  them.  Including 
the  second  layer  of  s<iucissons  of  the  under  frame,  and  the  first  layer  of  the  upper  frame,  the  mean 
deptli  of  the  backing  ought  to  be  Om>5.  The  suucissons  to  be  of  a  uniform  texture  of  straight  sticks, 
.'•tri'iigly  connected  together  by  not  less  than  eight  twig  bindings  for  every  metre  in  length.  Those 
of  the  first  layer  of  the  under  frame  to  be  placed  lengthways,  in  the  direction  of  the  road,  at  1  metre 
central  interval;  those  of  the  second  layer  at  right  angles  to  the  first,  also  at  1  metre  central 
interval.  The  longitudinal  saucissons  to  break  joint ;  the  two  layers  to  be  tied  together  at  every 
crossing  with  strong  twig  bindings.  Upon  this  under  frame,  which  must  be  well  filled  up  with 
sand  to  the  level  of  its  upper  surface,  are  to  be  laid  the  first  course  of  fascines ;  then  two  transverse 
layers  crossing  the  first  at  right  angles;  and  on  this  a  fourth  layer,  like  the  first,  at  right  angles 
across  the  axis  of  the  way,  but  having  the  larger  ends  of  the  fascines  turned  to  the  other  side :  they 
are  to  be  well  rammed  together.  The  packing  must  have  a  depth  in  the  centre  of  Om  •  6,  and  at  the 
side  D""'1!.  The  upper  frame,  of  the  same  construction  as  the  lower  frame,  to  be  placed  over  it,  so 
that  the  upper  layer  of  saucissons  comes  parallel  to  the  axis  of  the  road.  Through  each  crossing, 
Stakes  are  to  be  driven,  passing  through  the  hurdles  of  the  under  frame. 

The  fascines  to  be  made  of  sound  and  clean  willow  wood  of  not  less  than  three  years'  growth,  or 
of  oak  brushwood  of  not  less  than  five  or  six  years'  growth  ;  the  wood  to  be  straight  and  cut  green 
last  season,  to  be  firmly  bound  with  two  bindings  and  well  tightened.  The  length  to  be  3J  to  4J 
metres. 

Piling. — There  are  two  modes  in  which  piles  may  be  used  to  form  a  foundation : 
1st.   When  the  soil  is  soft  for  a  considerable  depth  ;  in  which  case  a  large  area  should  be  covered  with 
piles  connected  together  by  framework  at  the  top,  and  so  forming  one  united  body,  which  would 
resist  settlement  chiefly  by  the  friction  of  the  subsoil  against  the  sides  of  the  piles. 

2nd.  When  there  is  a  stratum  of  hard  ground  below  the  soft ;  in  which  case  the  piles  should  be  driven 
into  the  hard  stratum  and  each  pile  would  act  as  an  independent  column  bearing  a  certain  pro- 
portion of  the  whole  weight,  and  resisting  settlement  both  by  friction  and  by  its  own  transverse 
strength. 

1st.  Soft  ground  throughout. — M.  Renaud  says  the  piles  should  be  from  Om>8  to  lm-2  central  in- 
terval, which  agrees  with  the  general  practice  in  England ;  they  should  be  at  that  interval  both 
ways,  that  is,  the  area  should  be  studded  with  piles  1  yd.  apart  both  ways ;  in  England  the  size  of 
piles  is  generally  determined  by  the  size  of  the  logs  or  balks  in  which  pine  timber  is  sold  in  the 
market,  and  which  are  about  12  in.  square  on  the  average ;  a  pile  made  of  one  such  piece  is  com- 
monly called  a  whole  pile ;  when  one  such  balk  is  cut  into  two  piles  they  are  called  half  piles. 
M.  Kenaud  says  the  diameter  should  be  -^  of  the  length,  and  never  less  than  Om-18.  Mr.  Dobson 
recommends  the  area  to  be  enclosed  with  sheet  piling  before  the  main  piles  are  driven,  in  order  to 
consolidate  the  ground  better ;  he  says  soft  clay  is  too  compressible  to  be  well  consolidated  by 
piling ;  it  is  so  elastic  that  sometimes  a  pile  is  forced  out  of  the  ground  by  the  driving  of  a 
neighbouring  pile. 

When  the  tops  of  the  piles  are  connected  by  timber,  Dobson  says  the  first  pieces  should  be 
those  across  the  breadth  of  foundation,  and  the  longitudinal  pieces  running  parallel  to  the  length 
of  foundation  should  be  over  them :  on  these  latter,  planking  should  be  laid  to  carry  the  masonry  ; 
it  distributes  the  weight  better  to  lay  the  planking  diagonally.  When  the  upper  stratum  of  the 
ground  is  very  soft,  or  when  the  timber  framing  at  the  top  is  fixed  at  considerable  intervals,  the 
upper  part  of  the  ground  should  be  taken  out  and  filled  in  with  stones,  or  concrete  or  regular 
masonry,  to  increase  the  resistance  of  the  piles  and  to  form  a  more  uniform  platform  for  the 
superstructure ;  when  of  concrete,  this  top  filliug-in  should  be  about  3  ft.  thick  for  large  buildings 
not  excessively  heavy. 

2nd.  Hard  around  below. — In  this  case,  as  each  pile  resists  partly  by  its  resistance  to  deflection,  the 
diameter  or  cross-section  should  be  greater  in  proportion  to  the  length :  when  the  deptli  is  consider- 
able, say  above  25  ft.,  and  the  weight  of  the  structure  is  considerable,  two  or  more  piles  should  be 
driven  close  together  and  well  connected  together  at  top ;  the  piles  should  come  immediately  under 
the  weight  to  be  borne,  and  their  number  should  be  determined  from  that  weight,  and  the  timber 
framework  at  top  should  be  strong  and  well  tied  together.  It  is  advantageous  in  this  case  to 
arrange  the  superstructure  of  the  building  so  that  it  may  be  ultimately  carried  on  piers  at  intervals, 
and  consequently  that  piling  will  only  be  required  underneath  those  piers.  It  is  evidently  of  great 
consequence  that  the  piles  should  be  quite  vertical. 

Various  kinds  have  been  used  when  the  piling  was  of  uniform  character  in  straight  lines,  and 
when  labour  was  expensive.  Nasmyth's  steam  pile-driver  has  been  used  in  England ;  it  is  an 
ingenious  adaptation  of  his  steam-hammer ;  the  steam-cylinder  rests  on  the  head  of  the  pile,  so 
that  the  action  of  raising  the  ram  tends  to  drive  the  pile  down,  as  well  as  the  fall  of  the  ram  itself. 
Another  and  more  common  mode  of  applying  steam  is  by  making  the  steam  work  an  endless  chain, 
•which  passes  over  a  pulley  at  the  top  of  the  driving  machine  and  round  an  axle  at  the  bottom  ;  the 
chain  is  made  so  that  it  lays  hold  of  the  catch  of  the  ram  by  a  self-acting  apparatus.  It  is  released 
at  any  height  required  in  a  similar  manner  to  that  of  the  crab-engine,  and  immediately  on  coming 
to  rest  on  the  pile  is  caught  by  the  endless  chain  again. 
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The  upright  part  of  the  pile-engine  must  be  truly  vertical  when  the  pile  k  to  be  vertical,  beeaa* 
the  ram  is  guided  in  its  fall  by  the  two  uprights ;  when  the  pile  is  to  be  driven  in  an  inclined 
position,  if  the  framing  of  the  engine  admits  of  it,  the  guiding  piece*  should  U-  indhutl  •onfdingiy. 
but  if  (as  is  usually  the  case)  the  framing  does  not  admit  of  it,  temporary  guiding  piece*  mart  be 
laid  against  the  uprights  to  the  slope  required,  and  th<-  ram  most  work  in  thrm. 

The  statical  weight  which  any  given  pile  will  support,  without  .-inkiir.-.  m«v  be  theoretically 
calculated  from  knowing  the  effect  upon  it  of  a  known  ram  fulling  a  know  1 1  the*  weight. 

of  the  ram  be  w,  and  the  weight  of  the  pile  p,  and  the  fall  of  tho  rain  ,  ^.  30M,  and 

the  distance  through  which  it  has  driven  the  pile  be  B  C ;  then 
the  velocity  of  impact  is  v  =  /Jig  AB,  and  the  velocity  with 


which  the  pile  and    ram  move  on  together   is   r,  = 


+  p 


Then  the  weights  w  +  p  have  passed  through  the  space  13  C'  \\  ith 
a  velocity  commencing  with  r,  and  decreasing  to  o;  therefore 


the  accelerative  velocity  of  the  motion  is  (  -      —  r  I  , 
forces  are  proportional  to  the  velocities,  they  generate  in  a  unit 


and  as 


(/f\  T>  r\\  \L 

- — — - —  t  J   I  P  : :  P  being  the 

pressure  which  would  generate  the  accelerative  velocity,  and, 
consequently,  the  statical  pressure  which  the  pile  will  bear  with- 
out moving  farther. 

This  calculation  is  more  applicable  to  piles  which  resist  by 
the  friction  on  their  sides;  it  is  applicable  to  those  which  are 
driven  through  very  soft  ground  into  a  hard  substratum,  but  in 
this  case,  in  addition  to  this  calculation,  a  further  one  should  be 
made,  considering  the  pile  as  a  column  fixed  at  its  lower  end,  and 
liable  to  break  by  deflection. 

ill.  Renaud  has  given  an  empirical  rule  which  will  serve  as  a 
guide.    He  says,  first  of  all,  that  piles  of  a  diameter  of  ^j  of  their 
length  will  carry  Ok •  5  a  millimetre  square ;  this  must  mean  resist- 
ance to  deflection,  or  crushing  the  wood.    He  also  says,  if  a  ram 
of  600  kilogrammes  falling  from  a  height  of  3m<6  drives  a  pile 
Om>03  in  ten  blows;  or  if  the  same  ram  falling  from  a  height  of 
blows;   then  in  either  case  the  pile  will  bear  25,000  kilograms 
By  which  it  is  apparently  supposed  that  the  statical  resistance  vanes  directly  * 
the  fall  and  weight  of  ram,  and  inversely  as  the  depth  driven  in  by  a  bl 
ever,  place  much  dependence  on  his  formula,  for  he  recommends  a  practi 


1—2  drives 


aseypo«ou   that  if  a  scarp  revetment  30  ft  high  is  built  on  pile*  .3  lit  «|«  J 
each  pile  will  carry  about  10  cub.  yds.  of  masonry  and  about  3  cub  yds.  of  earth 
former  at  160  Ibs.  and  the  earth  at  100  Ibs.  tho  cubic  foot,  the  total  weight  on  01 


says  that  at  Neuilly  Bridge,  the  arches  « 
masonry  on  each  pier  is  15417648  Ibs.,  which  is  borne  by  135 


shoe  should  be  of  wrought  iron.  .  f .    ..      tol         nd  ^  ^^  fa  wkkk 

Wrought-iron  piles  have  been  g^^SKSliC  a  b™7bU«iS  JJrcw  .1  th.  «*  art 
they  have  been  driven  in  England  has  been  ,  ,u  ton,  and  thu.  MWfaf  H 

weighting  the  pile  when  vertical,  and  t  / ;  (   .  f  ,    .,       ...  .  .  ;  . 

into  the  ground. ,  Tins  melK^is  on  y  ^fg^"?  Jading,  of  tb.  £«»*•  •*"* 

i  wrought-iion  MMW-pUM,  a*  Mcd  at  U» 


• 
and 

»rlln  »n- 


,,«„«,  w~~.v.— As  before  mentioned,  in 
it  is  desired  to  reach  a  hard  substratum,  tt 
piers  at  intervals,  the  foundation  of 
ing  to  the  depth  required,  and  sustained 

sinking  these  cylinders  is  by  excavati  Td'mumry  »'-'U  an  wn««.     •—  i— 

their  own  weight,  in  the  manner  in  which  fa  IbTSBLi  to  rink  many  of  \**»~*»*J 

appears  to  have  been  long  in  use  in  Indin,  J-gl      *&**  «b«  «°p  ^  •"«  *  *tf5 
wells  over  the  area  of  the  foundation  r^uiml  ,  .. 

-  '        il     English  .  i.'_-iii'  :.^  ^  ^Qggiud  t»A  **m*m» 
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in  water.  When  they  are  applicable,  they  arc  economical  and  expeditious,  and  they  can  be 
carried  to  great  depths.  They  are  generally  made  of  cast  iron,  but  the  largest  cylinders  are  of 
wrought  iron.  They  are  generally  made  of  from  5  to  10  ft.  diameter,  and  in  lengths  of  from  6  to 
10  ft.:  probably  3  ft.  diameter  is  the  smallest  size  that  could  be  used,  and  sometimes  they  are  of 
much  larger  diameter.  The  soil  inside  is  excavated  by  hand  labour;  therefore  in  passing  through 
watery  soil  it  is  necessary  to  keep  the  water  out,  which  is  done  by  forcing  into  it  a  pressure  of  air 
sufficient  for  the  purpose.  There  must  in  such  cases  be  an  arrangement  of  air-tight  partitions 
across  the  interior  of  the  cylinders  with  trap-doors  in  them  for  the  passage  of  men  and  materials, 
for  tlie  men  are  working,  like  in  a  diving-bell,  under  a  heavy  pressure  of  air.  M.  Renaud  men- 
tions a  cylinder  foundation  at  Bordeaux,  on  the  Gironde,  a  gravelly  bottom  movable  by  floods; 
the  cylinders  were  3m-G  diameter.  There  were  13™ '35  of  water,  and  7m-5  of  foundation  below 
that,  making  a  total  pressure  of  20m'85.  The  thickness  of  the  cast  iron  was  Om'0i.  The  joints 
were  planed,  and  had  a  ring  of  india-rubber  between  them,  laid  in  a  groove  in  the  joint.  In  this 
case  the  cylinders  were  forced  down  by  hydraulic  pressure.  He  also  mentions  a  foundation  in  the 
Rhine  at  Strasburg,  consisting  of  a  cylinder  of  wrought  iron,  7  metres  diameter  and  Om-008  thick- 
11. ->s  of  metal,  the  depth  of  water  being  11  metres  and  total  depth  of  cylinder  17  metres.  It  was 
filled  with  concrete. 

The  centre  pier  of  Saltash  Bridge,  near  Plymouth,  rests  on  a  wrought-iron  cylinder,  37  ft. 
diameter  and  70  ft.  deep  from  the  surface  of  the  water.  The  cylinder  rests  on  trap  rock,  and  is 
filled  with  granite  masonry. 

It  is  the  general  practice  to  fill  the  interior  of  the  cylinder  with  cement  or  masonry,  so  that 
when  the  iron  is  destroyed  by  rust  the  masonry  column  will  resist  by  its  own  strength. 

Foundations  in  Water. — The  difficulties  in  making  foundations  under  water,  which  are  added 
to  the  ordinary  difficulties  on  laud,  are,  1st.  The  presence  of  water,  impeding  all  operations; 
2nd.  The  stratum  of  mud  or  gravel  generally  found  on  all  beds  of  streams ;  3rd.  The  danger  of 
the  foundation  being  undermined  by  the  current.  There  are  five  different  methods  used  for 
making  foundations  in  water,  so  as  to  meet  these  difficulties. 

1st.   By  piling  or  cylinders. 

2nd.  By  throwing  in  loose  stones  to  form  an  artificial  bank  up  to  the  surface  of  the  water. 

3rd.  By  using  a  diving  apparatus,  and  building  regular  masonry  under  the  water. 

4th.  By  sinking  a  box  or  caisson  of  the  size  of  the  foundation  required,  and  building  inside  it. 

5th.  By  enclosing  the  area  of  the  foundation  in  a  coffer-dam,  and  pumping  the  water  out  of  it. 

Before  the  introduction  of  iron  cylinders  and  of  the  use  of  concrete  so  extensively,  the  ordinary 
method  of  obtaining  a  foundation  for  the  piers  of  a  bridge  was  by  piling  under  the  area  of  the 
pier,  and  cutting  off  the  piles  as  low  as  the  water  admitted,  and  planking  over  the  tops  of  them  to 
form  the  platform.  To  prevent  the  current,  increased  by  the  obstruction  of  the  piers,  from  carrying 
away  the  soil  about  the  piles,  a  mass  of  loose  stones  was  generally  laid  round  the  upper  part  of  the 
piling ;  but  this  was  not  always  efficacious  in  strong  streams  with  soft  bottoms.  In  such  cases 
M.  Renaud  recommends  that  the  area  of  the  pier  should  be  enclosed  with  sheet  piling  and  filled 
in  with  concrete.  He  mentions  an  example  of  a  difficult  case  of  foundations  in  a  stream  with  a 
bed  of  moving  gravel,  at  Moulins,  on  the  Allier.  Three  bridges  had  been  carried  away  by  the 
undermining  of  the  foundations.  A  flat  bed  of  masonry,  lm  -65  thick,  and  1  metre  below  low  water, 
was  laid  on  the  gravel  from  bank  to  bank  for  a  length  on  the  stream  of  34  metres,  and  protected 
above  and  below  stream  with  a  wall.  Several  of  the  bridges  over  the  Thames  at  London  have 
given  way  in  consequence  of  the  undermining  of  their  pile  foundations  by  the  increased  current 
caused  by  the  improvements  in  the  river.  Therefore  piling  is  not  used  now  generally,  except  for 
long  sea-walls  and  in  special  cases. 

Loose  Stones, — By  this  method  masses  of  loose  stone,  just  as  taken  from  the  quarry,  are  thrown 
into  the  water  from  a  stage  built  on  piles  over  the  area  of  the  foundation  required,  and  are  left  to 
find  their  own  position  of  equilibrium.  It  is  therefore  a  method  chiefly  applicable  to  breakwaters, 
moles,  and  such  extensive  sea-works.  The  principal  point  for  consideration  is  the  size  of  the 
stones  to  be  used  in  the  different  parts  of  the  work.  As  the  action  of  waves  is  greatest  near  the 
surface,  and,  according  to  experiments  made  in  the  Gulf  of  Lyons,  does  not  extend  below  24  to 
30  ft  even  during  hurricanes,  the  smallest  stones  should  be  placed  at  the  bottom  and  the  largest 
at  the  top.  In  forming  the  foundations  for  the  walls  of  the  Basin  Napoleon  at  Marseilles,  the 
French  engineers  laid  down  precise  rules  for  these  sizes.  The  stone  was  a  limestone,  and  they 
divided  all  that  came  from  the  quarry  into  the  following  four  classes : — 

1st.  Rubble,  in  pieces  weighing  from       5  to    100  kilogrammes  each. 
2nd.  Blocks          „                „                  100  to  1300  „  „ 

3rd.  Blocks          „  „  1300  to  3UOO  „  „ 

4th.  Blocks         „  „  3900  „        upwards. 

And  the  following  proportions  of  each  class  were  used : — 

1st J 

2nd 

3rd $ 

4th | 

Dobson  quotes  from  Poirel's  account  of  a  mole  constructed  at  Algiers  in  1841,  of  loose  stones,  of 
which  the  minimum  size  was  from  18  to  27  cub.  ft.,  and  the  general  size  under  100  cub.  ft.  It  was 
found  that  up  to  a  level  of  from  13  to  16  ft.  below  low  water  the  stones  preserved  a  slope  of  1  to  1, 
or  1  height  to  1^  base,  and  above  that  level  they  preserved  a  general  slope  of  1  to  6  and  1  to  10, 
becoming  flatter  nearer  the  surface ;  but  that  nearer  the  surface  the  stones  never  rested  long  in  one 
position,  but  were  altered  by  every  storm. 

In  building  a  superstructure  of  regular  masonry  on  the  top  of  a  foundation  of  loose  stones,  it  is 
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desirable  that  the  junction  of  the  regular  masonry  with  the  loose  stone*  should  I*  w*II  m^.^i  ~ 
the  exposed  side  to  allow  for  the  subsequent  movement  of  the  4006* 

The  breakwaters  of  the  harbours  of  refuge  at  Portland  aud  Ho,rnead  are  exnUen*   .»  I 
remarkable  examples  of  foundations  of  loose  stones  in  water 

Eeguiar  Masonry.—  In  places  where  squared  masonry  u  not  expensive.  or  where.  from 
stances,  it  is  necessary  to  have  a  vertical  face  to  the  foundations  and  walls.  thefoand.i! 
sometimes  built  up  from  the  bottom  in  regular  masonry,  with  the  help  of  a  diyin**, 
diving  apparatus     It  is  advantageous,  when  practicable,  that  sea-walls  ,J»ould  have  vertical  fc 


, 

(or  nearly  vertical)  to  a  depth  of  20  or  30  ft.  below  low  water,  because  the  wave*  will 
generally  m  that  depth,  and  the  wall  would  in  that  case  hare  to  rcsut  ouly  the  «^lt>«Tl 
of  the  waves,  and  not  the  progressive  action.    With  the  assistance  of  a  divine  I 
process  of  construction  is  carried  on  in  much  the  same  inauiier  an  ou  dry  laud. 
levelled,  and  any  superficial  strata  removed,  and  the  stones  are  lowered  and  placed  i 
course  a  strong  hydraulic  lime  must  be  used  for  the  mortar. 


. 

Caissons.—  In  this  method  a  large  case  or  box  (called  a  caisson  in  Franco  which  n^i^  fnm  the 
more  frequent  use  m  that  country  of  this  method,  has  also  been  adopted  in  EnglandTb  floated 
over  the  area  of  the  foundation,  and  sunk  by  building  the  foundation  inside  it-  at  it  sinks.  U 
sides  of  the  caisson  are  &\so  carried  up  sufficiently  high  to  keep  out  the  water,  and  thus  ibenrat 


box  containing  the  masonry  gradually  sinks  to  the  bottom  ;  the  bottom  mu*t  be  levelled  ai 
pared  for  it  beforehand,  with  the  help  of  a  diving  apparatus.  The  caisson  baa  bwn  generally 
made  of  wood,  but  wrought  iron  has  been  used.  Renaud  calls  it  a  great  flat-bottomed  boat,  and  says 
the  method  is  applicable  to  deep  water.  Both  he  and  Dobsou  agree  that  the  great  difficulty  u  in 
obtaining  a  hard  level  surface  for  the  bottom  of  the  caisson  to  rest  upon.  Any  aoft  strata  ^t"«iH 
be  dredged  away  ;  and  if  the  surface  is  irregular,  a  bed  of  hydraulic  concrete  aboold  be  laid  over 
it  ;  if  the  natural  bed  is  too  soft  to  carry  the  caisson,  piles  mubt  driven  over  the  area,  and  a  Hat- 
form  of  concrete  or  planks  formed  on  the  top  of  them  for  the  caisson  to  reat  on. 

Coffer-dams.  —  When  circumstances  require  that  a  perpendicular  wall  should  be  built  in  not  vety 
deep  water  —  say  20  ft.—  and  when  there  is  good  holding  ground  for  piles,  and  the  area  of  the 
foundation  is  not  very  large,  then  it  is  a  very  efficacious  method  of  obtaining  a  foundation,  to 
enclose  the  area  with  a  temporary  water-tight  wall,  and  pump  out  the  water  from  the  interior,  and 
proceed  to  form  the  foundation,  as  if  it  was  on  dry  land.  This  temporary  water-tight  wall  it  eon* 
inonly  called  a  co/er-dam,  and  is  generally  made  by  driving  two  rows  of  j>ilin>r,  about  4  PL  apart, 
the  piles  in  each  row  touching  each  other,  and  the  space  between  being  filled  up  with  cUy.  In 
constructing  the  coffer-dam,  a  row  of  what  are  called  yutilc-pilcs  ore  driven  along  the  line  of  the 
coffer-dam  ;  they  are  generally  made  of  whole  timbers,  and  are  at,  about,  10  ft.  intervals  ;  on  the  iniMT 
(or  coffer-dam)  side  of  these,  two  longitudinal  timbers  are  fixed,  called  vxtb-pHcet,  one  at  low  down 

-tin^  the  guide-piles 


as  the  water  will  permit,  and  the  other  near  the  top,  thus  comm-t 

inside  of  and  close  against  the  wale-pieces  are  driven  what  are  called  sheet-ptlet,  about  8  in.  think 
and  of  the  breadth  of  whole  timbers,  driven  as  close  together  as  possible.  At  about  4  ft.  distance, 
another  row  of  guide-piles,  wales,  and  sheet-piles  is  formed,  the  sheet-piles  beiugon  the  inner  aide. 
so  that  the  two  rows  of  sheet-piles  form  a  long  narrow  deep  trough  ;  from  this  trough  the  natural 
mud  or  sand  must  be  excavated  by  dredging  down  to  some  impervious  btratum,  and  mart  than  be 
filled  up  to  above  the  highest  water-line  with  an  impervious  clay,  well  worked  and  kneaded  into 
its  place,  which  working  is  generally  done  by  men's  feet  :  the  clay  to  worked  is  commonly  called 

sions  of  its 


This  is  a  general  description  of  a  good-sized  coffer-dam,  l>ut  the  dimensions  of  its  part 
must  vary  with  the  size  and  circumstances  of  the  whole  ;  and  it  may  be  made  sometimes  without 
piling,  and  sometimes  the  rows  of  piles  may  require  additional  piles,  and  braces,  and  strut*,  to 
resist  the  pressure  of  the  water.  For  when  the  water  within  the  area  of  the  foundation  is  rumored, 
the  piles  of  the  coffer-dam  will  be  in  the  condition  of  beams  fix.  d  nt  the  lower  end,  and  a»bjaot  to 
a  transverse  strain  arising  from  the  pressure  of  the  water  acting  at  its  centre  of  pressure.  The 
principal  points  to  be  considered  in  using  coffer-dams  are  :  — 

In  toft  ground  there  is  danger  that  before  there  u  any  weight  put  on  the  area  of  foondation, 
it  may  be  forced  up  by  the  pressure  round  the  outside  of  the  cotter-dam. 

It  is  very  necessary  that  the  piles  should  have  good  hold  into  a  bound  substratum.  Thar*  is 
always  great  danger  of  leakage  between  the  bottom  of  the  puddle  wall  and  the  natural  brd  of  the 
water  ;  leakage  through  the  puddle  is  also  to  be  guarded  against;  sometimes  gravellsmix^l  with 
the  puddle  to  lessen  its  tendency  to  crack,  and  so  leak.  Springs  of  water  arising  tootatha  grand 
inside  the  foundation  area  should  be  provided  for  by  draining  to  a  suitable  spot  and  pnMptny.  ^ 
is  probable  that  after  the  water  inside  has  been  removed,  a  pump  will  have  to  be  kept  constantly 
at  work  to  keep  down  leakiigc  and  springs.  The  clay  for  the  puddle  wall  should  be  oat  avail  and 
well  rammed  or  punned,  as  it  is  called,  in  layers. 

Coffer-dams  have  been  much  used  in  England  for  foundation  work  in  water,  bpcaoat  it  onabH 
the  bottom  to  be  well  examined  and  carefully  prepared  for  the  superstrneture.     It  is  an  expsM 
and  laborious  method,  because  a  part  of  the  piling  has  to  be  driven  from  barges,  and  I 
the  puddling. 

Sheet-piles  must  be  shod  and  capped  similarly  to  other  pilce:  their  toes  are  gen 
a  bevel  or  incline,  forming  a  point,  which  in  driving  is  placed  next  the  last  driven  pile,  so  U 
pressure  against  the  bevelled  part  in  driving  forces  tin-  toe  dose  to  the  last  pU* 

Sometimes  coffer-dams  are  only  used  to  form  «Aors«  or  revetments  to  the  d  *•„** 

foundations,  and  the  water  is  not  removed  :  tin  n  the  soft  strata  raqn 
out,  generally  by  hand  dredging;  and  the  foundation  is  formed  by  putting  U 
in  mass  between  the  rows  of  piling  of  the  rotl'i-r  dnm. 

Walls.—  A  wall  of  a  house  has  two  duties  to  perform  :  - 
second,  to  screen  the  interior  from  the  weather.    These  two  duties  sb 
guished  in  considering  the  construction  of  every  wall.     For  the  first 
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sufficient  that  the  wall  should  consist  of  piors  or  columns  at  intervals,  extending  in  an  unbroken 
perpendicular  line  from  roof  to  foundation.  For  the  second  duty,  the  spaces  between  these  piers 
may  be  filled  in  a  slighter  manner,  and  oven  with  different  material,  because  the  utmost  pressure 
I  his  part  of  the  wall  has  to  carry  is  that  of  its  own  weight,  and  part  of  that  may  be  frequently 
thrown  upon  the  piers.  In  ordinary  dwellings  these  two  parts  are  generally  united  into  one 
common  thickness  of  wall,  in  which  apertures  are  left  for  the  doors  and  windows  ;  but  it  is  not 
1,  >>  ii,  ,-,  ->:ir\  1..  krrp  tli-iii  tli.-tiiii't  in  tin-  miiiil,  anil  to  t-n.-urc  that  the  solid  1.  locks  between  tins 
apertures,  which  are  the  real  piers  carrying  the  whole  weight  of  the  structure,  extend  in  an  un- 
l.rnkeii  lino  from  roof  to  foundation,  and  that  the  spaces  above  and  below  the  apertures  have  as 


little  weight  to  carry  as  practicable. 

fymired  Masonry.  —  Stone  walls  are  built  sometimes  of  regularly  squared  masonry  laid  in  uniform 
horizontal  courses  ;  sometimes  of  masonry  only  roughly  squared  and  laid  in  courses,  horizontal,  but 
not  regular,  and  which  is  technically  called  /bmdoM  rubble  ;  sometimes  of  rough  masonry  without 
any  courses,  but  roughly  shaped  to  fit  into  each  other,  and  which  is  technically  called  Uncourscd 
rubble;  and  sometimes  of  rubble  faced  with  squared  masonry,  and  which  is  technically  called 
Ashlar.  The  choice  of  either  of  these  modes  of  building  must  depend  on  the  material  available, 
and  the  object  of  the  work.  For  walls  of  dwellings  the  first  method  is  the  strongest  and  most  cer- 
tain. With  such  masonry  the  mortar  or  cement  should  be  of  a  fine  description,  and  only  sufficient 
of  it  used  to  make  a  layer  between  one  stone  and  another,  as  the  main  strength  of  the  wall  depends 
on  the  bonding  and  mutual  pressures  of  the  stones,  and  the  chief  object  of  the  mortar  is  to  ensure 
the  pressures  being  distributed  over  the  surface. 

The  danger  to  be  apprehended  in  stone  walls  of  square  blocks  is  that  the  blocks  will  not  press 
evenly  on  the  beds  of  their  courses,  and  so  cause  fracture  of  a  stone  ;  therefore  stones  should  not  be 
too  long,  compared  with  their  breadth.  Of  whatever  the  quality  of  stone,  the  wall  should  consist 
of  as  much  stone  and  as  little  mortar  as  possible. 

The  courses  of  such  masonry  should  be  horizontal  and  of  equal  or  nearly  equal  heights  :  the 
horizontal  joints  in  a  wall  may  extend  through  it,  as  the  pressures  are  generally  vertical,  but  the  ver- 
tical joints  should  be  broken  both  transversely  and  longitudinally,  otherwise  the  wall  approximates 
more  or  less  to  the  condition  of  an  assemblage  of  thin  columns.  Subject  to  this  condition,  it  is 
immaterial,  as  far  as  construction  is  concerned,  where  the  vertical  joints  occur.  Bondimj  is  the 
technical  name  for  breaking  joint  so  as  to  connect  the  parts  of  the  wall  into  one  mass  as  much  as 
possible,  and  where  it  occurs  regularly  the  stones  are  called  headers  and  stretchers  ;  occasionally  a 
through  bond  stone  should  occur  extending  through  or  nearly  through  the  wall.  Kenaud  recommends 
that  the  length  of  stones  in  squared  masonry  should  not  be  more  than  four  or  five  times  the  height  : 
and  Hosking  recommends  that  the  through  bond  stones  should  not  be  very  long,  but  extend  only  about 
|  through  the  wall,  laid  alternately  from  each  face.  Tredgold  recommends  that  even  through  bond 
stones  should  not  be  more  than  three  times  their  thickness  in  length.  As  a  general  rule,  the  stones 
should  be  cut  with  the  natural  quarry-bed  horizontal. 

Hubble  masonry,  if  coursed,  is  subject  to  the  same  general  conditions  as  squared  masonry  as 
respects  bond  and  joints.  More  mortar  is  necessary,  on  account  of  the  greater  irregularity  of  the 
surfaces  ;  for  the  stone  is  only  roughly  dressed  with  the  hammer  and  chisel,  and  the  stones  being  of 
irregular  sizes,  the  horizontal  joints  are  broken  ;  therefore  the  bonding  is  not  so  regular  nor  so  good, 
and  more  through  bond  stones  are  required.  This  description  of  walling  is,  therefore,  more  suited 
for  thicker  walls  than  the  squared  masonry  ;  it  is  very  effective  when  the  stone  is  of  a  highly-strati- 
fied character  and  capable  of  being  roughly  squared  without  much  difficulty.  It  was  much  used 
by  the  Gothic  builders,  who  had  a  difficulty  in  obtaining  large  blocks  of  squared  stone.  Squared 
masonry  is  the  exception  in  Gothic  buildings,  and  is  used  for  columns,  groins,  and  such  like 
principal  parts,  the  main  body  of  the  walls  and  arches  being  filled  in  with  rubble  in  random 
courses. 

Uncoursed  Hubble  Masonry  is  the  term  applied  to  masonry  of  unsquared  stones,  roughly  dressed 
to  fit  into  each  other,  and  therefore  without  regular  horizontal  or  vertical  joints.  It  requires 
higher  skill  to  build  such  a  wall  well,  than  one  of  horizontal  courses,  to  fit  the  stones  properly  into 
each  other,  and  so  make  the  wall  as  much  as  possible  one  mass  of  tightly-wedged  stones  ;  therefore, 
it  shows  a  skilful  builder  to  build  a  dry  rubble  wall  without  mortar  ;  but  uncoursed  rubble 
requires  more  mortar  than  coursed  and  of  a  better  quality,  for  as  there  is  a  greater  liability  in  the 
Wall  to  slip  over  its  joints  from  the  vertical  pressures,  a  greater  part  of  its  strength  depends  on  the 
resistance  of  the  mortar  to  shearing.  It  is  a  method  most  suitable  with  unstratified  stones  having 
irregular  planes  of  cleavage,  and  it  should  be  the  object  in  fitting  the  stones  together  to  make  use 
of  those  natural  planes  of  cleavage. 

This  method  was  first  used  in  what  is  called  Cyclopean  or  polygonal  walling,  which,  in  the 
Mediterranean,  was  of  large  blocks  dressed  to  the  form  of  the  natural  cleavage,  sometimes  with 
care,  and  so  fittiug  closely  without  mortar,  and  forming  a  very  strong  wall,  though  expensive  in 
labour.  Many  of  the  old  Venetian  walls  in  the  Mediterranean  and  also  Gothic  walls  in  many 
places  are  built  of  small  stones  in  this  manner.  The  stones  should  be  of  uniform  size,  with  bond 
stones  to  tie  the  two  faces  of  the  wall  together.  But  the  most  usual  and  efficacious  mode  of  bonding 
a  wall  of  this  masonry  is  by  horizontal  bands  of  a  few  courses  of  squared  masonry  or  of  brickwork 
extending  through  the  thickness  of  the  wall  and  all  round  the  building.  Such  a  method  was 
commonly  employed  by  the  Romans  ;  walls  of  rubble-work,  sometimes  very  rough,  sometimes  no 
better  than  coarse  concrete,  and  alternated  with  bands  of  the  thin  Eoman  brick,  constitute  a 
general  type  of  Eoman  masonry.  M.  Benaud  says  the  intervals  of  the  courses  of  bricks  were  from 
1  metre  to  lm'4. 

But  the  most  advantageous  employment  of  this  description  of  masonry  is  in  revetments  and  such 
like  walls  of  fortifications.  Such  walls  are  generally  of  considerable  thickness,  and  have  generally 
only  one  fair  face  —  two  favourable  circumstances  for  its  use.  If  well  built  with  stones  of  nearly 
equal  size  and  with  good  mortar  well  filled  in,  it  offers  a  better  resistance  to  artillery  fire  than 
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squared  masonry,  unless  of  very  superior  description.  It  is  necessary  in  such  eases  to  put  a  faring  to 
the  wall  of  rather  larger  and  more  regular  stones,  and  to  make  the  exterior  faee  perpendicular 
in  order  to  avoid  the  growth  of  vegetation  on  it.  Kcnau.l  .-ay*  truly  tlmt  in  all  masonry  of 
small  pieces  the  bond  is  not  so  important  as  the  mortar  and  the  care  of  execution. 

Brickwork. — If  the  stones  of  a  wall  of  squared  masonry  were  obliged  to  be  all  of  one  siae,  theav 
in  order  to  ensure  the  effective  bonding  in  the  horizontal  courses,  the  length  of  the  stones  fh««kl 
be  double  the  width;  then  the  stones  in  one  horizontal  course  would  be  1 
next  course  crossways,  or,  as  it  is  technically  called,  stretchers  and  headers.    Set-  I 

Mortar. — The  mortar  and  tho  workmanship  are  of  more  consequence  in  brickwork  than  the 
bricks  themselves.  If  the  pressures  on  a  wall  were  always  exactly  vertical,  then  all  that  is  required 
in  the  building  would  be  to  distribute  those  pressures  over  the  parts  intended  to  carry  them;  bat 
there  is  almost  always  a  liability  of  inclined  pressures  on  all  walls,  and  a  certain  inclined  pressure 
on  many :  hence  the  mortar  is  subject  to  a  shearing  strain,  nnd  much  <>f  tli<»  efficiency  of  the  wall 
depends  on  its  strength  and  adhesion  to  the  bricks.  This  is  particularly  the  case  in  walls  of  forti- 
fications exposed  to  artillery  fire.  It  is  invariably  found  in  cases  of  breaching  brick  wall*  by 
artillery  that  the  brickwork  is  shaken  for  considerable  distances  beyond  the  actual  rapture,  and 
that  the  Hue  of  shake  almost  always  follows  the  joints.  Tin-  line  of  pn-s-ur.-  in  this  case  being 
nearly  horizontal,  the  only  resistance  to  motion  besides  the  weight  of  the  |»rti"n  of  the  wall  is  the 
resistance  to  shearing  of  one  or  more  joints  of  brickwork.  Hence  it  is  especially  important  in  walls 
of  brickwork  and  squared  masonry  so  exposed  to  arrange  them  in  large  msstm 

The  proper  thickness  of  the  joint  of  mortar  in  brickwork  must  depend  somewhat  on  the  nature 
of  the  lime  used.  If  the  mortar  is  equal  in  strength  to  the  bricks,  the  joints  may  be  as  large  as  the 
bricks,  as  was  the  case  in  the  old  Roman  brickwork,  the  joints  of  which  were  fmm  0""02  to  0"-08. 
This  was  partly  on  account  of  the  thinness  of  the  Roman  brick  compared  with  its  area.  When  tba 
mortar  is  inferior  in  strength  to  the  bricks,  as  is  generally  the  case,  the  less  there  is  of  it  the  bettor. 
Hosking  recommends  that  with  bricks  2J  in  high  no  four  courses  should  reach  11)  in.,  which  allow* 
less  than  T%  in.  for  a  joint.  He  also  points  out  that  thick  joints  of  mortar  (unless  of  superior 
description)  are  more  liable  to  injury  by  wet  and  frost,  and  to  cause  a  greater  amount  of  settle- 
ment in  the  wall.  The  minimum  size  for  a  joint  is  simply  that  no  two  bricks  should  touch  each 
other. 

The  necessity  of  using  clean  and  moist  bricks  will  be  pointed  out  in  our  article  on  Lime* 
and  Mortars,  and  also  the  advantage  of  using  stiff  mortar,  as  compared  with  the  more  common 
practice  of  (.iroutimj,  which  is  the  term  used  for  a  very  liquid  mortar  pourod  over  the  wall  at  every 
one  or  two  courses,  with  the  object  of  filling  up  the  joints  thoroughly.  Besides  the  evils  of  drown- 
ing the  lime,  and  saturating  the  brickwork,  and  tempting  the  bricklayer  to  use  wet  mortar  and  dr» 
bricks,  it  is  evident  from  the  foregoing  considerations  that  a  wall  so  built  would  not  hare  as  much 
resistance  to  shearing  in  its  joints  as  one  well  filled  up  witli  stiff  mortar. 

Secondary  Parts. — By  the  secondary  parts  of  walls  are  meant  cornices,  string  courses,  window- 
Hills,  chimneys,  and  so  on. 

These  are  frequently  made  of  stone,  although  all  the  remainder  of  the  building  mar  b 
The  object  of  a  cornice  or  coping,  as  far  as  construction  is  concerned,  is  to  prevent  wet  from  entorfaf 
in  the  top  of  the  wall.     It  should  therefore  project  over  the  exposed  face  of  the  wall,  and 
sloped  on  the  top,  and  hollowed  out  on  tho  under-side,  to  prevent  the  water  from  runnin 
wall;  and  it  should  be  itself  impervious  to  water.    Stones,  when  used  BT  HM   I    ' 
generally  connected  together  by  metal  cramps  or  stone  do«r/«.    A  cornice  or  coping  « 
should  be  made  of  bricks,  specially  moulded  and  burnt  for  the  purpose,  and  i 
The  formation  of  a  cornice  by  projecting  courses  (or  corbelling)  is  subject  to  the  same 
as  in  footings ;  the  pressures  are  exerted  on  the  projections  in  a  similar  n 
direction.   String  courses  are  now  seldom  used,  except  for  purely  ornamental  PurP°«**«  •* 
it  is  only  necessary  to  bed  and  bond  the  stones  or  bricks  sufli.-..  ntly  int.. 
stable  support.    For  constructive  purposes,  string  courses  are  bonding  o 
and  should  therefore  go  through  the  wall. 

Window-sills  are  more  frequently  made  of  stone  than  any  other  of  these 
transverse  strain  they  are  subject  to:  in  order  to  preserve  the  borixontal  line,  th 
made  in  one  piece,  resting  on  the  piers  of  the  wall  at  each  side  and  r 
between;  otherwise  there  would  be  danger  of  fracture,  owing  to  tho  une, 
piers  and  the  intervening  part.    A  window-Hill  is  th-  .--ping  of  that  part  « 
should  therefore  be  shaped  similarly  to  a  coping  or  cornice. 

If  there  is  no  danger  of  irregular  settlement  tho  Hill  need  not  !> 

To  provide  a  place  for  the  fire  and  its  flue  in  ear),  room  in  el.in.tr, 
part  of  the  wall  is  made  thicker  from  the  foundation  ;  eonswjtiontly ;.  it 
fire-places  in  the  successive  stories  so  as  to  eon,.-  nv.-r  i-nHi  othrr.     1 1 

«•  *        f  Q  4sx   -"\  ft     \fiilit    nnrl   HIM  tilt    1  •  II    4rWw*  MMi  v  It»  iliWlta  •av»»W'*»»*f 
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being  BO  ranch  more  delicate  a  substance  tlmn  water,  requires  much  more  careful  provision  for  its 
flow.  After  passing  through  the  grate,  it  should  be  allowed  to  flow  into  the  open  air  as  regularly 
as  possible:  there  is,  then-fore,  an  advantage  in  having  very  smooth  sides  to  the  flues;  this  is 
prni-rally  offi-ctcd  by  plastering  the  inside  of  them  with  a  special  plaster  to  resist  heat;  it  is 
common  hair  mortar  mixed  with  cow-dung.  A  much  better  mode  has  been  lately  employed,  by 
inserting  glazed  earthenware  pipes  in  the  wall,  which  gets  rid  of  the  objectionable  corners  of  the 
brick  HUP,  and  of  its  unnecessarily  largo  size.  The  large  size  of  the  flue  both  decreases  the 
M  locity  of  tho  stream  of  hot  air,  and  allows  cold  air  to  descend  and  check  the  flow  of  it  ;  the  flue 
should  decrease  in  size  slightly  as  it  ascends. 

.  rrying  all  tho  flues  up  together  in  one  stack,  or  chimney-breast,  as  it  is  called,  is  both  econo- 
mical.  and  tends  to  preserve  an  equal  temperature  in  them;  for  the  latter  reason,  which  is  a 
most  important  one,  brickwork  is  better  for  chimneys  than  stonework.  But  for  the  last  few  feet 
above  tho  roof,  each  flue  should  be  in  a  separate  stack  of  its  own,  and  an  small  as  possible,  for 
everything  that  obstructs  the  wind  tends  to  produce  a  counter-current  in  the  flue.  No  two  fires 
should  lead  into  one  flue,  unless  they  are  always  alight  together,  or  a  down-draught  will  occur 
probably  in  the  one  not  lighted.  No  woodwork  should  be  built  into  the  chimney-breast  or  any 
part  of  the  chimney  for  any  purpose  whatever. 

Thicktiess  of  Walls.  —  The  thickness  of  the  walls  of  ordinary  buildings,  Fig.  2055,  is  more  a  prac- 
tical than  a  theoretical  question.    As  M.  Renaud  points  onr>, 

out,  tlu-  theoretical  thickness  to  meet  the  vertical  pressure 
only  would  be  very  small  in  any  case.  The  rupture  of  the 
wall  by  separation  of  the  joints  would  almost  always  take 
place  before  the  crushing  of  the  stone  itself,  and  that 
force  should,  therefore,  be  provided  for,  or  at  least  the 
two  must  be  taken  into  consideration  together.  With 
squared  stones  the  crushing  would  be  the  most  probable, 
and  in  this  case  generally  the  safe  weight  is  taken  at  •£, 
the  breaking  weight.  In  rubble-work  tho  tendency  is  to 
rupture  of  the  joints,  owing  to  the  irregular  pressures; 
tho  proportion  of  tho  safe  weight  to  the  breaking  weight 
should  therefore  be  less. 

M.  Renaud  quotes  the  following  theoretical  rules  from  Rondelet  for  the  thickness  of  walls  of 
ordinary  buildings  :  — 

for  Isolated  Walls, 


<„-„ 


s  =  weight  of  cub.  metre  of  masonry. 
This  rule  is  evidently  based  on  the  assumption  that  the  force  acting  on  the  wall  is  similar  to  that 

of  the  wind,  in  which  case  the  equation  for  overturning  tho  wall  would  be  s.h.b.-  =  p.h.-  . 

n  m 

where  p  =  force  per  unit  of  area  of  wind,  and  n  and  m  are  coefficients  depending  on  the  circum- 
stances in  each  case. 

For  Walls  of  Houses,  Fig.  2056, 

Ik 

where  /  =  span  or  distance  between  opposite  sides  in  metres. 


Jl*  +  /«» 

Which  appears  to  be  based  on  the  assumption  that  the  pressure  on  the 
walls  varies  as  the  span  of  the  roof.  The  height  h  in  this  case  is  to  be 
taken  between  the  floors  or  points  of  support  supposing  them  to  be  of 
strong  construction. 

He  states  the  following  to  be  the  usual  thicknesses  of  walls  in  Paris ; 
they  are  of  squared  masonry  of  limestone : — 


Houses  18  metres  high   .. 
Walls  tolerably  close 
Floors  4  to  5  metres  apart 

„      at  top 

Large  houses 


Exterior  Walls. 
Metres. 

0-5 

0-45 
0-6  to  0-8 


Interior  Walla. 
Mfetres. 

0-4 

0-4 
0-43  to  0-5 


The  interior  faces  of  the  walls  are  always  made  perpendicular,  and  the  batter  or  increase  is 
always  on  the  outside. 

In  London  the  minimum  dimensions  for  walls  of  houses  in  streets  is  fixed  by  Act  of  Parliament, 
in  order  to  provide  for  the  strength  and  security  from  fire  of  rows  of  houses  with  common  party 
walls.  But  these  dimensions  must  not  be  taken  as  guides  for  military  buildings  of  a  permanent 
character ;  in  such  buildings  it  is  not  safe  with  the  ordinary  description  of  brickwork  to  make  any 
wall  less  than  1£  brick  thick ;  and,  in  accordance  with  the  principle  of  the  Act,  an  additional  half 
brick  should  be  added  to  the  thickness  for  every  two  stories  of  height.  This  addition  is  generally 
made  in  England  on  the  inner  face  of  the  wall,  for  the  convenience  of  resting  the  beams  of  the 
floors  on  them.  This  is  perhaps  a  better  constructive  arrangement  than  the  French  one,  but  it  must 
depend  upon  the  circumstances  of  each  case  which  is  adopted. 

Footings. — In  the  process  of  constructing  a  wall,  the  mason  or  bricklayer  first  lays  the  footings 
on  the  foundation  platform.  The  footing  is  an  enlarged  portion  of  the  wall  for  the  purpose  of 
distributing  the  weight  over  the  foundation :  it  is  properly  a  portion  of  the  wall  and  not  of  the 
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foundation,  although  it  is  not  always  cosy  to  draw  the  line  between  them.  When  th«  I 
down  through  the  centre  of  the  wall,  the  footings  may  project  equally  on  each  side  ;  when  othenriae. 
the  footings  should  be  so  arranged  that  the  lino  of  "pressure  shall  pan  m^rlr  through  the  zrnin 
of  them  into  the  foundation.  The  size  of  footing  and  the  mode  of  forming  the  increase  to  the 
thickness  of  the  wall  must  depend  on  the  circumstances  and  th-  :  rdinarr  baildfan 

Tredgold  recommends  that  the  extreme  breadth  of  the  f-.-tin.-  MjW.il  u  elar  or  mud. 

be  double  the  thickness  of  the  wall  ;  if  on  gravel  or  chalk  subaoiJ  that  it>  l.r«  :idth  to  be  tW  of  the 
wall  as  3  to  2. 

Supposing  the  whole  pressure  per  lineal  foot  on  the  wall  to  be  equally  distributed  ow»  the 
breadth  of  footing  a  b,  Fig.  2057,  then  the  reaction  of  the  subsoil  on  the  put  6c  will  be  equivalent 
to  that  proportion  of  the  whole  pressure,  acting  upwards  and 
tending  to  break  the  projecting  part  6  c  about  the  section  c  d, 
•which  section  must  be  strong  enough  to  resist  that  transverse 
strain  ;  in  brickwork  it  is  usual  to  make  the  projection  of  a 
footing  for  light  buildings  J  of  a  brick  in  every  course,  and 
for  heavy  buildings  J  of  a  brick  in  every  two  courses.  In 
stonework  the  proportional  projection  for  a  given  height  of 
course  may  be  greater,  according  to  the  relative  transverse 
length  of  the  stone.  The  footings  should  always  be  made  of 
large  stones  or  of  picked  bricks,  laid  in  very  good  mortar,  and 
well  bonded,  with  the  object  of  distributing  the  pressure  as  |  \J 

uniformly  as  possible  over  the  foundations.    The  foundation 

platform  should,  if  possible,  be  in  one  horizontal  plane,  and  '  :        \ 

the  footings  should  be  equal  in  height  throughout  the  main  a  c       * 

walls  of  a  building,  in  order  to  avoid,  as  much  aa  possible,  irregularity  of  settlement  from  unequal 
heights  of  wall. 

The  Damp  Course,  as  it  is  commonly  called,  a  coarse  of  some  impervious  material  to 


the  damp  rising  from  the  ground  through  the  masonry  into  the  body  of  the  wall.  It  is  generally 
placed  immediately  above  the  footings,  if  these  project  above  ground  ;  bat  the  damp  course  should 
be,  if  possible,  1  ft.  above  the  ground.  It  generally  consists  of  two  or  three  courses  of  hard-burnt 
bricks  laid  in  hydraulic  mortar.  A  highly-burnt  glazed  hollow  brick  is  made  f«r  the  purpose,  the 
perforations  being  horizontal,  so  that  a  current  of  air  passes  through  the  wall  at  that  point.  Per* 
forated  bricks  are  liable  to  crack  under  pressure. 


TABLE  OF  THE  PRESSURES 


THE  FOOTINGS  or  WALLS. 


From  Tredgold,  Encyclopredia  Britannica,  and  Renaud. 

Tredgold's  Rule  for  breadth  of  walls  W  =  \f  b  <f,  when  bd  =  area  of  cross-section  of  part  of  wall 
under  consideration,  W  =  safe  weights  in  Ibs.  /  =  tabular  number  =  |th  the  splitting  or  |th 
the  crushing  force,  in  Ibs.  per  square  foot. 


Name  of  Building. 

V«lo*  of/. 

TuMOUt. 

titoMM«wM  •»•• 
' 

BtJMMBl 

TMMOtA 

PlMMM 

;:  '   . 

1.1  . 

Pillar  of  All  Saint's  Church,  Angers,  Forneaux  stone     .  . 
Pantheon,  Paris,  pillar  Bayneux  stone       
Elgin  Chapter  House,  central  pillar,  red  sandstone 
Piers  of  St.  Paul's  Dome,  London,  squared  limestone,  Fort-j 

It*. 
110.000 
62,000 

80.000 

Resistant 

•a 
.,       ,, 

60.000 
40.000 

89.000 

83.000 
18.000 

•    •.  • 

kite. 
29  43 

i  •  : 
16  W 

14  -M 

31   11 

•  K 

Piers  of  St.  Peter's  Dome,  Rome,  coursed  rubble      
Keystone  Neuilly  Bridge,  Paris,  Sallancourt  stone  ..      ..      .. 
Party  Wall,  basilica  of  Constantino,   Rome,  course* 

Palace  of  the  Chancellerie,  Rome,  columns  of  rcz  do  < 

SKk-jsfe%  SSHSs?1  l~uma- ' 

climate,  for  different  kinds  of  coverings,  will  8  o 


CONSTRUCTION. 

Garbet  has  stated  a  very  proper  general  principle  to  bo  observed  in  all  roof-frames,  of  whatever 
inclination,  that  the  numbers  of  orders  of  bearers  should  be  as  few  as  possible.  This  will  be  best  illus- 
trated by  describing  the  arrangement  of  ordinary  roofs.  When  covered  with  slates  or  tiles,  or  any 
similar  covering  in  small  flat  pieces,  the  bearers  immediately  under  them  must  consist  either  of 
boards  extruding  continuously  underneath,  or  of  battens  placed  horizontally  at  the  interval  of  two 
courses  of  the  slates  or  tiles.  These  again  must  be  carried  by  beams  called  rafters,  placed  down 
the  slope  of  the  roof  at  right  angles  to  the  others.  This  arrangement  Garbet  would  call  two  orders 
ot  bearers  :  it  is  the  mode  generally  adopted  in  roofs  not  exceeding  20  ft.  span :  each  pair  of  opposite 
lafters  are  generally  tied  together,  either  by  a  tie-beam  at  their  feet  or  by  a  collar-beam  about  half-way 
up  ;  fivm  which  this  has  got  the  name  of  the  collar-beam  roof. 

Wln-n  the  span  exceeds  20  ft.,  the  bearers  would  become  so  large  that  it  would  be  economical 
to  introduce  an  additional  order  of  bearers.  The  ordinary  method  is  to  support  the  common  rafters 
by  one  or  more  beams  extending  horizontally  beneath  them,  called  purlins,  which  themselves  are 
supported  on  other  rafters  below  them,  which  latter  being  placed  at  considerable  intervals,  are  much 
btrmiger,  and  are  called  the  principal  rafters.  The  common  rafters  rest  against  a  horizontal  beam 
standing  on  the  foot  of  the  principal  rafters,  and  called  a  pole-plate,  and  abut  against  a  hori/ontal 
ri  ifc-piccc  at  the  top;  thus  they  have  little  strain  on  them  beyond  the  transverse  struiu  between 
th'-  purlins.  The  purlins  are  subject  to  a  transverse  strain  between  the  principal  rafters.  Tim 
principal  rafters  are  supported  by  a  framework  of  which  they  themselves  form  a  part,  and  which 
varies  according  to  the  span  of  the  roof.  This  framework  is  called  a  roof-truss  or  a  tni.<.«;/  ,„ •;.. 
and  forms  the  final  and  most  important  bearer  of  the  roof.  For  spans  between  20  and  30  ft.,  this 
truss  generally  consists  of  two  struts  supporting  the  principal  rafters  half-way  down,  and  meeting  in 
the  centre,  where  their  combined  vertical  force  is  suspended  by  a  vertical  rod  or  post  called  a  /':in  ;- 
post,  to  the  vertex  of  the  roof.  The  horizontal  force  at  the  foot  of  each  principal  rafter  is  carried  by 
a  tie-beam,  which  also  supports  the  ceiling,  if  there  is  one,  and  is  itself  supported  by  the  king-[x>st. 

When  the  span  is  above  30  ft.,  in  order  to  provide  intermediate  points  of  support  for  the  prin- 
cipal rafters,  two  vertical  posts,  in  such  case  called  queen-posts,  are  introduced  each  with  its  struts, 
the  heads  of  the  posts  being  connected  by  a  horizontal  beam,  called  a  straining-beam,  which  carries 
the  horizontal  strains  arising  from  them. 

The  general  principle  of  such  trusses  is  to  carry  the  strains  of  the  roofs  in  such  a  way  as  to 
relieve  the  walls  from  any  but  vertical  strains. 

Garbet  would  call  the  above  arrangement  one  of  four  orders  of  bearers,  namely: — 1.  Boards. 
2.  Common  Eafters.  3.  Purlins.  4.  Principal  Rafters.  The  usual  interval  for  such  "  tru. 
pals"  in  ordinary  roofs  is  10  ft.,  and  the  interval  of  such  purlins  is  about  G  ft. :  with  those  fixed 
intervals  this  form  of  roof-frame  is  applicable  to  a  considerable  range  of  spans.  It  is  evident,  how- 
ever, that  as  the  span  increases,  it  will  at  last  be  more  economical  to  increase  the  interval  of  the 
principals,  and  to  strengthen  the  purlins  accordingly  by  framing  or  "trussing"  them  :  and  that  for 
small  spans  it  will  be  economical  to  combine  the  principal  and  common  rafters  in  one,  and  to  dis- 
pense with  the  purlins.  The  span  at  which  it  is  desirable  to  introduce  an  additional  order  of 
bearers,  in  any  such  system  of  framework  for  constructions,  is  determined  by  considerations  both  of 
economy  and  stiffness ;  for,  besides  the  calculations  for  the  comparative  cost  with  or  without  tho 
additional  bearer,  it  is  necessary  to  consider  the  deflection ;  and  as  that  varies  directly  as  the  cube 
of  the  length  between  the  points  of  support,  it  may  be  desirable  in  some  cases,  where  it  is  necessary 
to  limit  the  absolute  deflection,  to  introduce  an  additional  order  of  bearers  before  the  economical 
limit  has  been  reached. 

The  examination  of  the  strains  exerted  m  a  queen-post  roof  will  sufficiently  explain  them  for  all 
this  class  of  roofs.  The  boards  or  battens  are  subject  to  a  transverse  strain  between  the  points  of 
support  afforded  by  the  common  rafters,  which  i&  made  up  of  the  weight  of  the  roof  covering  and 
the  allowance  for  pressure  ot  wind  (reduced  to  tb<i  vertical  direction) ;  they  should  never  have  a 
long  bearing,  as  stiffness  is  very  essential  in  Ihe  bearers  ot  the  roof-covering.  Each  common  rafter 
is  subject  to  a  transverse  strain  between  its  point  ot  support  and  to  a  longitudinal  compression  from 
the  reaction  from  the  opposite  rafter ,  the  force  causing  both  these  strains  is  that  of  the  weight 
of  roof-covering  and  boards,  and  pressure  of  wind  bearing  on  toe  area  supported  by  the  rafter. 
The  purlins  and  pole-plates  and  ridge-pieces  are  subject  to  transverse  strains  arising  from  the 
pressure  of  the  common  rafters  they  carry  divided  proportionally  between  Ihem;  the  pole-plate 
also  carries  the  longitudinal  compressile  pressure  ot  the  rafters,  and  transmits  it  to  the  principal 
rafters.  The  principal  rafters  are  not  generally  subject  to  transverse  strain,  except  from  their  own 
weight,  but  chiefly  to  longitudinal  compression,  because  the  purlins  are  generally  placed  imme- 
diately over  the  points  of  support  of  the  rafter.  Thus,  at  the  junction  of  the  lower  strut  with  the 
rafter,  the  pressure  of  all  that  part  of  the  purlin  and  its  superincumbent  weight  that  is  carried 
at  that  point,  is  resolved  into  a  compressile  strain  down  the  principal  rafter,  and  another  down 
the  strut ;  and  at  the  junction  of  the  queen-post,  principal  rafter,  and  straining-beam,  the  pressure 
of  that  purlin,  together  with  the  vertical  strain  from  the  queen-post,  are  resolved  into  a  compressile 
strain  down  the  principal  rafter,  and  another  along  the  straining-beam :  and  at  the  upper  strut  a 
similar  compressile  strain  results ;  and  at  the  vertex,  the  pressure  of  the  ridge-piece  and  vertical 
strain  from  the  king-post  are  resolved  into  compressile  strains  down  the  principal  rafters.  Thus, 
the  principal  rafter  is  subject  to  accessions  of  compressile  strains  at  these  points  from  the  vertex  to 
the  foot ;  and  each  part  of  it  must  be  calculated  accordingly  to  resist  those  strains.  The  struts  are 
subject  to  compressile  strains  arising  as  above  mentioned.  The  king-post  and  queen-posts  are  subject 
to  tensile  strains  arising  from  the  vertical  components  of  the  compressile  strains. 

The  tie-beam  is  subject  to  the  tensile  strain  which  is  the  horizontal  component  of  the  compressile 
strain  down  the  principal  rafter ;  the  vertical  component  of  the  same  being  carried  by  the  walls. 
Tie-beams  are  generally  made  much  larger  than  necessary  to  resist  this  strain  only,  even  after 
allowing  for  the  usual  coefficient  of  safety,  because  they  have  generally  to  carry  the  transverse 
strain  aridiug  from  the  ceiling  of  the  rooms  below.  The  beams  of  that  ceiling  are  generally  fixed 
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greater  than  its  breadth.    Each  of  the^SSL  „  t^ 


and  so  carry  the  rain  cleaT  of  the  buUduS     As  t  «Tn^  "ftF"  "***  to  £"***  ""*  *•  **• 

edge;  a  practice  which  not  only  has  the  disadvantage  of  directing  tho  line  n>7, 
tne  axis,  but  subiects  that  short  nnrt  nf  t\m  HA_W..«A.  4 


The  ordinary  method  of  framing  these  beams  together,  BO  as  to  tend 


Flat  roofs  are  used  in  countries  where  there  is  little  rainfall,  as  in  the  southern  sad  Mam 
coasts  of  the  Mediterranean,  probably  both  from  their  usefulness  and  economi  I  • 

not  only  the  most  simple  mode  of  covering  the  house-e  mere  repetition  of  a  floor—  bat  s. 
another  story  and  a  garden  to  it.     The  following  extract  from  a  paper  by  Sir  H.  Joan  on  MalU 
houses  shows  the  mode  of  constructing  a  flat  roof  in  that  island  :    Ifcams  of  red  pine  from 
Adriatic,  about  10  by  12  in.,  are  placed  horizontally  across  the  walls,  at  central  intervals  of  a>»*a 
4  ft.     Sometimes  a  series  of  arched  ribs  of  stone  are  built  across  from  wall  to  wall  instead  of  the 
beams.     On  these  flat  stones  of  the  soft  Maltese  snndstone,  about  4  ft  long,  10  or  12  in.  wide,  and 
3  in.  thick,  are  placed,  butting  close  together  without  mortar;  on  these  a  concrete  of  red  anrilla 
eeous  earth  and  small  stones,  and  called  "  Forka,"  is  laid,  with  a  slight  slope  on  the  upper  surface 
to  carry  off  the  rain  that  falls  :  this  forba  is  kept  moist  and  beaten  with  rammers.    When  dry, 
there  is  spread  over  it  a  layer  of  cement  \  in.  thick,  composed  of  four  part*  lime,  tone  parts  p*?r— 
lana,  or  of  five  parts  lime  and  three  parts  poun<lcd  earthenware.    This  in  spread  in  a  liquid  ste!*, 
and  then  beaten  with  rammers  and  worked  with  trowels,  and  kept  moist  until  it  ha*  set    Tat 
beating  is  done  by  women  kneeling,  with  hnnd  boards. 

In  countries  where  stone  suitable  for  this  purpose  cannot  be  procured,  timber  is  used  butred, 
or  a  combination  of  wood  beams  and  flat  tiles,  or  wood  beams  and  concrete  of  a  quick-eatta* 
cement  is  used.  Asphalte  is  sometimes  substituted  instead  of  cement  for  the  exterior  eaatiaf  hi 
this  country  when  flat  roofs  are  made;  there  is  some  danger  in  UMH-  it.  <>n  account  of  toe  expan- 
sion and  contraction  of  the  framework  below.  It  is  necessary  in  nil  tint  roofs  to  make  the  frame- 
work very  stiff—  that  is,  to  avoid  any  considerable  amount  of  deflection,  which  would  break  UM 
impervious  coating  of  cement  or  asphalte  ;  consequently,  it  would  be  desirable  to  iolHidaiie  a* 
additional  order  of  bearers,  or  to  provide  in  some  other  way  fur  •tiftVning  the  stntctare  at  a 


smaller  span  than  in  an  ordinary  wooden  floor.  For  tin-  name  object  of  sHa^nlM  the  framework, 
it  should  be  connected  with  the  walls  as  firmly  as  practicable;  the  ends  of  the  oeaaM  should  be 
framed  into  the  wiill-plntes  or  templates,  which  should  rest  on  the  wall  as  near  the  centre  of  its 
breadth  as  practicable.  When  a  masonry  parapet  is  made  round  the  walk,  great  rare  sboeld  be 
taken  in  the  construction  of  the  open  gutters  a)  the  sides  to  carry  off  the  mof-watrr,  and  prrrmt  it 
getting  into  the  walls;  frequent  outl.  :  .  the  parapet  should  be  provide** 

forms  the  most  effectual  gutter :  and  next  t<  >  that,  ( -or  haps,  a  coorrrte  of  hydraalk*  i 

Gothic  and  Arched  Jioofs.—ln  England  roofo  aru  generally  made  in  one  plane  from  Ik*  ridg*  la 
the  eaves;  but  in  France  and  some  other  countri-  «.  it  is  common  to  make  them  fa  two  pUaes; 
this  is  partly  for  the  architectural  effect,  but  chiefly  for  the  economy  of  gaining  an  additional  atovj 


,   lilt-    jMirillirs    in'1    n>mup 

Iii  the  prinripal  truss  of  the  Mmnnl  roof  (as  that  of  two 
r-t . -mployod  it  extensively  in  ParU),  tifsidss  the  Mate  i 
•  :i.-li  »tli.-r  n  it hout  ties,  there  are  tie-beams  from  eeehai 


in  the  roof.    The  general  method  <>l  arranging  the  roof  is  the  same  ia  almost  all 

the  principal  trusses  at  interval*,  tin-  purliiiH,  the  common  rafters  and  bnari 

framing  of  the  truss  that  varies.     In 

is  called,  from  the  architect  who  first 

which  might  be  made  to  balance  each  ntlirr  without  ties, 

the  next  but  one,  and  connected  mp-tiii-r  «t  tne  crossing ;  these  ties  do  not  carry  the  whole 

zontal  strain  of  the  roof,  like  that  of  I  !>  truss,  bat  leave  a  portion  of  h  to  he  earned 

by  the  walls,  or  by  (!.•  Mr.  n-th  nl  tin-  i-.|i  ami  IronM  »t  the  crossing  of  two  MiUi  Use. 

*  Insomeof  the'ol.l  (...tin.-   .  frsrnc  of  the  principal  trass  «a*  made  vhhoeft  ear 

direct  ties,  <-hi.  tly  fur  th.-  »-ake  of  the  rff.vl  when  the  timben  of  toe  roof  were  visible.  MM  also 
because  the  high  pitch  of  the  roof  caused  tbe  borutontal  strain*  lo  be  kes     Tbc  priaciMl 
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were  generally  supported  by  a  collar-beam  high  up,  and  at  one  or  two  points  lower  down  by  ver- 
tical posts  resting  on  the  ends  of  horizontal  pieces  projecting  from  the  point  of  support  next  below, 
the  projecting  points  of  junction  of  these  vertical  and  horizontal  pieces  being  connected  by  curved 
struts:  the  series  of  these  curved  pieces  being  carried  from  the  walls  on  eai-h  Mile  up  to  the  collar- 
beam  in  the  centre,  they  formed  an  imperfect  tie  to  the  roof— imperfect  because  it  depended  on  so 
many  joints,  and  because,  if  perfectly  jointed,  it  resisted  deflection  by  the  strength  of  the  joint, 
ami  not  by  the  beam  itself.  The  lowest  of  these  curved  pieces,  being  carried  to  a  point  consider- 
ably lower  in  the  walls  than  the  eaves,  brought  the  general  line  of  pressure  of  the  roof  to  a  lower 
point  on  the  wall,  and  thus  reduced  the  necessary  thickness  of  the  wall  to  meet  it.  Hampton 
Court  Palace  contains  a  good  specimen  of  these  roofs;  those  at  the  old  palace  at  Eltham,  and  at 
Wotminster  Hull,  arc  also  remarkable  examples. 

When  the  span  of  a  roof  exceeds  50  ft.,  the  queen-post  roof-truss  becomes  heavy,  and  uses  a 
large  proportion  of  limber  in  the  dead  weight  of  the  bearers :  the  polygonal  or  curved  truss  is  one 
of  the  fonns  which  has  been  proposed  to  avoid  this  ineffective  use  of  timber  in  very  large  spans. 
In  it  a  polygonal  or  curved  rib  of  wood  is  formed,  to  which  the  tie-beam  is  suspended,  and  from 
which  the  purlins  are  supported :  the  curve  of  this  rib  should  be  such  that  a  line  of  pressure  will 
pass  through  it,  thus  putting  it  entirely  in  compression  throughout  its  length;  the  tie-beam  and 
suspension-bars  will  then  be  in  tension.  Dobson  states  that  Philibert  de  Lorme  was  one  of  the 
first  architects  who  proposed  a  polygonal  rib  of  wood,  which  he  constructed  of  two  or  more  thick- 
nesses of  plank,  the  pieces  of  which  were  in  equal  lengths,  and  their  ends  abutted  against  each 
other;  each  thickness  of  plank  thus  forming  a  polygonal  rib;  the  two  thicknesses  were  bolted 
together. 

ir(i//s  of  Framed  Work. — Walls  of  wooden  buildings  generally  consist  of  vertical  pieces,  placed 
close  enough  together  to  support  the  boarding  or  plastering  with  which  they  are  covered,  and 
ri '.-ting  on  a  horizontal  piece  at  bottom,  commonly  called  a  ground-plate,  and  connected  at  the  top 
by  a  will-plate.  When  the  ground-plate  is  supported  continuously  by  a  wall,  it  only  performs  the 
part  of  an  ordinary  plate — that  of  distributing  the  pressures  equally ;  and  the  uprights,  or  posts  or 
studs,  as  they  are  sometimes  called,  are  so  many  wooden  columns,  carrying  each  its  proportion  of 
the  vertical  pressure.  No  piece  of  quadrilateral  framing  can  be  put  together  so  firmly  as  to  resist 
completely  some  small  distortion  of  shape  from  lateral  pressure ;  therefore,  it  is  most  desirable  in 
every  wooden  wall,  as  in  every  piece  of  framework,  to  have  some  inclined  pieces  framed  into  the 
structure,  by  which  the  pressures  can  be  resolvable  into  triangles.  These  inclined  pieces,  which 
are  called  struts  or  braces,  are  sometimes  only  battens  fastened  across  the  studs.  The  Corner-posts 
are  generally  larger,  as  they  have  to  withstand  a  double  lateral  pressure.  It  would  make  a  stiffer, 
though  a  more  expensive  wall,  if  the  studs  were  placed  farther  apart,  and,  consequently,  made 
of  large  cross-section,  and  an  intermediate  order  of  bearers  for  the  boards  was  introduced.  In 
America  a  wall  is  sometimes  made  entirely  of  boards  in  two  or  more  thicknesses,  placed  at  right 
angles  or  diagonally  to  each  other.  When  a  wooden  wall  has  to  span  an  opening,  as  is  frequently 
the  case  in  the  interiors  of  houses,  in  partition  walls  covered  with  lath  and  plaster,  it  becomes  a 
very  deep-framed  girder,  and  should  be  framed  on  the  principle  of  the  queen-post  truss,  in  which 
the  braces  would  represent  the  principal  rafters,  and  the  top  plate  would  represent  the  straining- 
beam,  and  the  bottom  plate  would  be  the  tie-beam,  which  should  be  supported  from  the  top  plate 
and  braces  by  the  vertical  studs ;  in  such  a  framework  the  studs  below  the  braces  would  be  in 
tension ;  those  above  the  braces  in  compression.  The  bottom  plate  might  in  such  case  support 
part  of  the  weight  of  a  floor  or  ceiling.  In  arranging  the  openings  for  doors  and  windows  in 
wooden  walls,  great  consideration  should  be  paid  to  the  position  of  the  braces ;  the  studs  on  each 
side  of  the-opening  should  be  made  stronger  than  ordinary  studs,  in  order  to  form  the  framework 
of  the  door  or  window ;  and  with  a  careful  arrangement  of  the  braces  in  connection  with  these 
frames,  these  openings  may  be  made  to  add  to  the  stability  of  the  wall. 

Scurfs. — In  all  scarfs  and  joints  in  woodwork,  it  is  an  important  principle  that  the  bearing 
parts  should  have  as  large  a  surface  as  possible,  in  order  to  save  the  fibres  from  injury.  For  the 
same  reason,  timbers  in  framework  should  be  cut  as  little  as  possible.  Also,  that  the  inevitable 
expansion  and  contraction  of  the  wood  should  be  borne  in  mind  in  the  form  of  the  joint. 

The  following  notes  on  scarfs  and  joints  are  extracted  from  Tredgold's  Carpentry : — 

1.  Longitudinal  scarf  to  resist  tension  only,  such  as  for  some  tie-beams,  king-posts,  and 
so  on. 

Fish-joint,  Fig.  2058. — In  this  the  two  pieces  of  timber  abut  on  each  other,  end  to  end,  and  an 
iron  or  wooden  plate  is  fastened  on  each  side  by  bolts  passing  through  the  beams ;  the  tensile 
strain     is     thus      passed 
through  the  bolts  to  the  2058- 

fibres  of  the  timbers.    The        

shrinkage  of  the  timbers   <c 


0121121 


JoJ 


loosens  this  joint,  and  the    ^* 
pressure  of  the  bolts  injures  /* 
the  fibre ;  the  total  area  of 
bolt-sections  should  be  at 
least  equal  to  ^  the  area 
of  the  section  of  beam. 

Indented     Scarf,     Fig.      £ 

2059.— To    determine  the     > 

depths     of    indents     and     '  7 

length  of  scarf,  the  tensile 

strength  of  6  c  should  be  equal  to  the  compressile  strength  of  a  c  and  to  the  shearing  strength  of 

c  d.    Therefore,  when  the  compressile  and  tensile  resistances  of  the  wood  are  equal,  6  c  should  be 

}  the  depth  of  the  whole  beam. 
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In  fir  and  other  straight-grained  wood,  c</  ;=  1C  to  20  c&. 

In  oak,  ash,  elm,  and  such  woods,          cd  =    8  to  10 

In  fir,  and  so  on,  a  scarf  with  bolts  only,  the  whole  length  of  scarf  =  6  tiny*  breadth  of  ^^ 

In  oak,       „  „  „  =3 

In  fir,  a  scarf  with  bolts  and  indents,  the  whole  length  of  scarf  =  4  tine*  depth  of  hfe» 

In  oak,         „  „  „  „  „  =  J 

2.  Longitudinal  joint  to  resist  compression :  as  for  pillars,  struU,  and  to  on. 

Fish-joint,  Fig.  20CO.— If  four  fishing-pieces  are  iiM-d.  um-  <  n  <  u<-li  nkk>  of  the  joint,  and  ft  piece 
of  hard  timber  is  inserted  between  the  ends  of  the  pieces,  to  distribute  the  pramim  equally,  aa 
effective  joint  can  be  made  without  injuring  the  fibres. 

Indented  Scarf,  Fig.  2001.— Similar  calculations  can  bo  made  for  thu,  a>  fur  the  joint,  to 
resist  tension:  a  key  or 
double  wedge  of  hard  wood 
is  inserted  at  a  to  ensure  a 
fair  bearing;  they  should 
not  be  driven  too  tight,  or 
the  fibres  of  the  beam  may 
be  injured.  No  bolts  or 
plates  are  required  for  it ; 
but  a  tongue  or  mortice 
and  tenon  at  eavh  end  is 
necessary,  to  prevent  side 
shifting,  as  at  c,  Fig.  205'J. 

Plain  Scarf. — This  joint 
is  to  be  recommended,  as 
it  does  little  injury  to  the 
fibres,  and  the  bearing 
surfaces  are  large  and  per- 
pendicular to  the  strains; 
but  it  requires  bolts  and 

plates,  Fig.  20G1. 

3.  Longitudinal  joint  to     '  a  <' 

resist  transverse   strain,   as 

in  some  tie-beams  and  girders —This  joint  is  recommended.    The  d.-pth 
of  scarfs  may  be  calculated  as  for  tensile  strain.     It  is  necessary  to  have  a  plate 
the  upper  and  lowei  sides,  as  at  a  6,  and  bolts  through  the  beams;  at  d  arc  the  bard 

'    Straining-beam.— A  horizontal  beam  may  be  connected  with  and  supported  by  a  vertical  bma 

(as  in  the  case  ol  straining-beams  m  a  roof)  In  the  manner  shown,  tig.  200J. 


15. 


2063. 


X'' 


i    • 


7oi»<.-4.  7V«,n«~™  ;<*",  **»•**  «  i»  >«••  P"'"1"'  "-1  *"  "*  *"* "*>*'"* 

combining  these  objects  with  other  *££•£**** 
ework.     The  tenon  is  i  tin-  daptt 


a  nx.rtico  tlmt  it  will   Rflim  th-  oriftad  wor, 


resting  one 


other,  and  cutting  a 


1030  CONSTRUCTION. 

mortice  in  the  upper  one.  There  is  both  a  practical  advantage  in  this,  in  being  able  to  use  long 
timbers,  ami  a  theoretical  one,  in  getting  a  better  bearing,  and  in  having  the  upper  beams  vir- 
tually lixid  :it  tarli  end,  instead  of  merely  supported,  as  in  the  former  method. 

-•>((;/•/»./,  Figs.  201JG,  2007,  as  in  wall-plates  and  such  beams,  which  have  to  bo  connected 
together  and  are  not  subject  to  transverse  strain. 

The  beams  are  halved  into  each  other,  as  it  is  called,  half  the  thickness  of  the  beam  being  cut 
out  of  each.     Sometimes  the  form  of  this  halving  is  dovetailed,  as  in  Fig.  2008,  which  is  objection- 
able, because  the  shrinking  of  the  timber  causes  the  joint  to  become  loose;  for  this  reason  no  </««- 
joints  are  to  be  recommended  in  carpentry.    The  better  form  for  the  halving  is  shown  in 
Figs.  206u,  20G7. 

5.  Transverse  joints,  perpendicular,  Figs.  20G9  to  2071 ;  such  as  posts  or  studs  into  plates. — The 
object  of  every  system  of  joints  is  to  reduce  all  the  pressures  into  the  direction  of  the  axes  of  the 
pieces. 

The  ordinary  mode  of  connecting  two  beams,  the  one  perpendicular  and  the  other  horizontal,  is 
by  cutting  two  shoulders  in  the  end  of  the  perpendicular  piece,  leaving  a  tenon  or  tongue  between 
them,  which  fits  into  a  corresponding  mortice  or  hole  cut  in  the  horizontal  pier.  As  the  only 
object  in  the  tenon  and  mortice  is  to  prevent  lateral  motion,  Tredgold  recommends  a  short  tenon 
having  a  thickness  of  about  one-quarter  that  of  the  timber. 

It  is  evidently  of  great  importance  that  the  tenon  and  mortice  should  be  cut  square  and  accu- 
rately ;  on  account  of  the  difficulty  of  ensuring  this,  Tredgold  recommends  an  angular-shaped  or  a 
curved  joint,  as  shown  in  Figs.  2070,  2071. 

G.  Inclined  joints,  Figs.  2072  to  2074 ;  such  a»  principal  rafters  with  tie-beams. — The  resistance 
of  a  joint  is  always  most  effectual  where  the  abutment  one  piece  rests  against  is  perpendicular  to 
the  strain  down  that  piece.  Thus,  in  the  figure,  if  the  strain  down  the  rafter  is  in  the  direction 
cbe,  and  6d  is  one  of  the  abutting  surfaces,  then,  if  ac  be  drawn  perpendicular  to  6  a,  and  bd,  the 
other  abutting  surface,  be  made  parallel  to  ac,  then  in  the  triangle  of  forces  abc,  if  be  represent 
the  whole  strain,  <«c  will  represent  the  strain  on  b  a,  and  6  a  will  represent  the  strain  on  bd:  thus 
the  two  components  of  the  whole  strain  will  be  perpendicular  to  the  two  abutting  surfaces.  Tred- 
gold recommends  that  bd  should  be  rather  more  than  half  the  depth  of  the  rafter.  There  should 
be  a  tenon  at  the  under-side  of  the  rafter,  and  a  mortice  in  the  tie-beam,  to  prevent  the  beams 
blipping  over  each  other;  the  thickness  of  the  tenon  should  be  about  \  that  of  the  beam.  As  the 
shrinking  of  the  wood,  which  is  sure  to  occur  after  the  framework  is  up,  will  have  the  effect  of 
lowering  the  slope  of  the  rafters,  and  thus  bring  a  greater  pressure  about  the  point  a  of  the 
joint,  that  part  of  the  joint  should  be  left  a  little  open,  as  shown  in  the  figure,  in  the  original  con- 
struction of  it. 

Tredgold  recommends  either  of  the  accompanying  forms  for  this  joint,  in  which  the  tenon  is 
made  on  the  tie-beam,  and  the  mortice  on  the  rafter ;  it  has  the  advantage  of  showing  the  whole 
of  the  workmanship  of  the  joint  more  completely  to  view  than  the  other  method. 

7.  King  and  Queen  Posts,  Figs.  2075,  '2076. — The  upper  end  of  the  principal  rafters  may  be 
framed  into  the  king-posts  in  a  similar  manner  to  the  lower  end  into  the  tie-beam.  But  in  this 
case  the  joint,  when  originally  made,  should  be  left  slightly  open  at  a,  as  the  effect  of  a  settlement 
from  shrinking  will  be  to  bring  a  greater  pressure  on  that  part.  Or,  the  upper  end  of  the  king- 
post may  be  enlarged  and  cut  with  a  shoulder  at  right  angles  to  the  direction  of  the  rafter.  In 
both  these  cases  there  should  be  a  small  tenon  and  mortice  to  prevent  the  beams  slipping  over  each 
other  sideways.  The  lower  ends  of  the  struts  may  be  connected  with  the  king-post  by  either  of 
the  above  methods :  if  the  king-post  is  in  two  pieces,  a  very  good  joint  may  be  formed  with  the 
principal  rafters,  by  letting  them  abut  against  eacli  other  between  the  two  parts  of  the  post,  as  in 
Fig.  2075,  the  two  parts  being  bolted  together  above  and  below  the  junction. 

The  struts  and  principal  rafters  may  be  connected  by  a  joint  similar  in  principle  to  that  of  the 
rafter  and  tie-beam.  The  purlins,  pole-plates,  and  ridge-pieces,  are  generally  notched  into  their 
respective  beams. 

The  following  practical  rules  by  Tredgold  for  determining  the  size  of  the  beams  in  wooden 
roofs,  of  the  description  of  framework  before  mentioned,  are  based  on  the  theoretical  calculations 
for  the  resistance  of  beams  to  deflection.  He  apparently  considered  that  the  amount  of  deflection 
in  a  framework  is  of  as  much  importance  as  the  absolute  strength ;  then  assuming  that  for  security 
the  deflection  of  any  beam  ought  to  vary  inversely  as  its  length,  and  starting  with  some  fixed 
arbitrary  deflection  for  a  given  beam,  and  assuming  that  the  arrangement  and  intervals  of  the 
beams  and  the  loads  upon  them  are  constant,  he  obtained  from  these  data  and  his  own  judgment 
a  set  of  constant  coefficients  for  the  different  beams  for  fir  wood  and  oak  wood,  in  terms  of  their 
dimensions,  span  of  roof,  and  so  on.  These  rules  generally  give  large  dimensions  compared  with 
those  for  absolute  strength. 

frincipal  rafters,  assumed  central  interval  =  10  ft. 


b  d  =  breadth  and  depth  of  beam  in  inches, 
-    <  I     =  length  of  beam  in  fe 
—  span  of  roof  in  feet, 


PL     (6<*  = 

d  =  0  •  96  — -    /  /     =  length  of  beam  in  feet, 
(  L    =  span  of  roof  in  feet, 

which  is  virtually  the  theoretical  equation  for  a  long  beam  subject  to  compression  in  the  direction 
of  its  length. 

Straining-beam. — d  =  0'9  \/ //v/L,  which  is  also  the  same  theoretical  equation,  6  being  taken 
constantly  as  =  0  •  7  d,  which  is  an  arbitrary  assumption. 

Struts. — d  =0-8  \/l  \/L ,  6  being  taken  constantly  =  0  •  6  d. 

King-posts.— b  d  =  0  •  12  I  L. 

This  rule  for  a  beam  under  direct  tension,  is  evidently  based  on  the  same  law  that  the  elonga- 
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tion  should  be  inversely  as  the  length  of  beam :  and  this  gives  of  course  much  larger  dimensions 
than  are  required  for  absolute  strength. 

Queen-posts. — b  d= 0  •  27  /  L,,  L,  =  length  in  feet  of  that  part  of  tie-beam  carried  by  the  queen-post. 

Tie-beams. — d  =  1  '47  — l—  ;  lt  =  length  in  feet  of  longest  part  of  tie-beam  unsupported. 

This  is  virtually  the  .-ame  as  the  theoretical  equation  for  the  deflection  of  a  beam  subject  (,, 
transverse  strain  ;  in  this  ca.se,  apparently,  the  tensile  strain  on  the  tie-beam  is  expected  to  counter- 
balance to  .some  extent  the  deflection  caused  by  the  tran.svei>e  .strain. 


rafters. — d  =  0  •  7  — ^-= ;  /u  =  length  in  feet  of  bearing  between  one  purlin  and  another. 

3  \fb 
Common  rafters  should  be  at  least  2  in.  thick  to  hold  the  nails  of  the  laths  or  boards. 

/Wins. — d  =:  *  */t)  /*,,,;  D  =  distance  in  feet  of  purlins  from  each  other. 

l>  is  assumed  constantly  =  0  6i/.    /,,,  =  length  of  bearing  of  purlin  in  feet. 

These  two  last  are  virtually  the  same  as  the  ordinary  theoretical  equations  for  deflection  of 
brains  subject  to  transverse  strain. 

Rwtf  <  'urcrinjs. — The  object  of  all  roof  coverings  is  to  keep  out  the  wind,  rain,  and  snow,  and 
to  keep  an  even  temperature  inside  as  far  as  practicable. 

A  roof  covering  of  small  pieces  is  generally  heavier,  more  difficult  to  keep  dry,  and  requires  a 
steeper  slope  than  one  of  large  pieces,  but  the  material  itself  is  cheaper. 

In  a  roof  covering,  the  crown  or  meeting  of  the  planes  at  the  top  is  technically  called  the  Ridge ; 
the  meeting  of  two  planes  forming  a  salient  angle  down  the  slope  of  the  roof,  as  frequently  occurs 
at  the  end  of  a  building,  is  called  a  hip,  and  such  a  roof  is  said  to  be  hipped.  The  meeting  of  two 
planes  forming  a  re-entering  angle  down  the  slope  of  the  roof,  as  occurs  at  the  junction  of  one  roof 
at  right  angles  to  another,  is  called  a  valley ;  the  lower  edge  of  the  roof,  where  it  meets  the  wall,  ia 
called  the  eaves. 

form  the  most  effective  and  durable  roof  covering  of  any  stones  or  tiles.  They  are  used 
all  over  England  from  the  facility  with  which  they  are  obtained.  The  strata  of  roofing  slate  are 
found  in  all  the  Silurian  series  of  rocks  to  which  they  belong.  They  are  quarried  by  blasting,  and 
are  split  and  cut  into  sizes  at  the  quarry.  As  it  is  convenient  to  have  slates  all  one  size  in  one  roof, 
they  are  cut  to  fixed  dimensions  according  to  the  size  of  the  blocks  obtained  from  the  quarry ;  con- 
sequently the  larger  slates  are  more  expensive.  The  best  slate  for  roofing  is  of  a  light  sky-blue 
colour,  and  gives  a  clear  bell-like  sound  on  being  struck ;  dark  blue  or  blackish  slate  absorbs 
moisture  and  decays  more  rapidly. 

The  following,  taken  from  Hurst's  Tables  for  Engineers,  are  the  sizes  and  the  technical  names 
of  the  slates  in  ordinary  use  for  roofing  in  England : — 


Name. 

Size. 

Gauge. 

No.  of  Squares 
covered  by 
12UO. 

No.  required 
to  cover 
1  Square. 

Nails  a  Square. 

Iron,  No. 

Copper. 

in.        in. 

in. 

Ibs. 

Until  iles     

12  X    8 

2-8 

430 

430 

5 

n           

13  X    6 

5 

2-5 

480 

480 

5j 

Ladies       

14  X  12 

5J 

5-0 

240 

280 

8* 

n           

15  X    8 

6 

4-0 

300 

300 

3| 

Viscountesses  .. 

18  X  10 

7J 

6-0 

200 

200 

H 

Countesses 

20  x  10 

8* 

7-0 

171 

342 

4 

Marchionesses  .. 

22  x  12 

9-4 

130 

260 

8| 

Duchesses 

24  x  12 

10J 

10 

125 

250 

3 

By  1  ton. 

Imperial    

30  X  24 

13J 

2-5 

48 

96 

3 

Bags  

36  x  24 

1CJ 

2-2 

40 

80 

3 

Queens      

36  x  24 

llij 

2-5 

40 

80 

'4 

The  slating  of  a  roof  begins  from  the  eaves.  The  slates  are  shaped  and  trimmed  on  the  ground, 
and  two  holes  are  punched  through  them  near  the  upper  end  for  the  nails  to  fasten  them  to  the 
boards  or  battens.  Elates  may  be  laid  either  on  boards  or  battens ;  these  are  generally  at  right 
angles  to  the  last  course  of  bearers,  and  therefore  generally  horizontal ;  there  is  less  cutting  to  waste 
of  them  when  they  are  laid  horizontally  ;  the  boards  or  battens  are  seldom  less  than  1  in.  thick,  on 
account  of  the  slating  nails  which  have  to  be  driven  into  them ;  battens  should  be  at  the  utmost 
at  the  interval  apart  of  two  consecutive  courses  of  slates.  Boards  are  generally  used  for  important 
buildings,  they  are  stiffer,  and  keep  out  the  wet  and  the  heat  better  than  battens.  The  first  course 
of  slates  at  the  eaves  is  little  more  than  half  the  width  of  the  other  courses  ;  it  is  called  the  doubling 
eaves'  course,  and  the  next  course  covers  it  completely,  a  special  batten  being  laid  under  it  to  give 
it  the  same  slope  as  the  others :  the  second  course  is  called  the  covering  eaves'  course.  At  the  ridge 
another  half-course  is  laid  over  the  last  course.  Slating  should  have  a  bond  or  overlap  of  at  least 
2i  in.,  that  is,  the  third  course  should  overlap  the  first  course  by  2J  in.,  and  the  fourth  should  over- 
lap the  second  by  the  same.  Hence,  if  the  overlap  be  deducted  from  the  length  of  the  slate,  half 
the  remainder  will  give  what  is  called  the  margin  or  gauge  of  the  slating.  At  the  hips  and  valleys 
the  slates  are  cut  to  fit  the  required  angles. 

For  the  nails  for  fastening  slates  copper  is  the  best  material,  and  is  generally  used  in  important 
buildings.  Zinc  and  iron  nails  are  sometimes  used,  but  the  former  are  not  strong  enough,  and  the 
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latter  arc  soon  destroyed  by  rust ;  the  partial  protection  which  ia  ^~^i»^  rf^  th«—  bvdim 
them  in  boiled  linseed  oil,  does  not  preserve  them  much  longer,  and  a  coaling  of  tin  is  anonee 
protection.     Slates  for  ridges  and  hips  are  sometimes  cut  out  of  thicker  pieces  than  ordinary  •  the 
are  generally  m  two  pieces,  and  are  joined  together  on  the  roof  with  •late  •—-•*-  ai 
effective  and  durable  coverings. 

Large  slabs  of  slate  are  frequently  used  for  special  roofs,  and  for  cutenu  and  other  similar  i>amwea, 
They  are  expensive  and  re<iuire  great  care  in  fixing,  c»j>ucially  in  forming  the  wsieMigMJotntt 

Tiles  are  now  made  in  England  in  great  variety  of  forms.  They  an  "^4t  in  almost  all  ^JjliTrtl 
•where  clay  for  brickniaking  is  found ;  but  they  should  be  made  of  a  more  plastin  clay  !hmn  **^4  fcv 
ordinary  bricks,  otherwise  they  are  liable  to  lose  their  bhnpe  in  the  burning.  The  luuniTlIf^  of 
the  shape  is  indeed  the  only  limit  to  the  size  of  till-.- ;  tin-  lar-.  r  the  tile  th<i  Itghfar  tb» roof  flUfeii"j  r 
large  well-burnt  tiles  would  be  almost  as  effective,  light,  ami  durable  a  covering  M  rlfti-a,  tbtSfr 
requiring  a  steeper  slope :  and  if  a  cheap  method  of  glazing  them  ahould  be  ^Jrrertd  tbtj  trill 
probably  supersede  slates  to  a  great  extent. 

Plain  til.'s  are  the  oldest  and  commonest  form  of  tile  in  England.  They  are  flat  and  about  10  in. 
by  6  in.,  and  £  in.  thick,  and  weigh  2'13  Ibs. ;  they  are  generally  laid  on  klA*  of  flr  about 
•wide  and  f  in.  thick,  nailed  to  the  common  rafters  and  then  f"r.-"li..ri/"iiUil  .  Uo  hole*  are  formed 
in  the  tile,  near  the  upper  edge,  through  which  they  are  fastened  with  wooden  pin*  lu  the  Ulh*. 
The  overlap  of  one  course  over  the  next  is  generally  from  t>  in.  to  8  in. ;  nwa  of  lutii*  an  fixed  at 
intervals  to  give  the  required  overlap,  between  each  <>f  which  an  intermediate  row  u  placed:  tho 
tiles  are  bedded  in  mortar,  which  should  of  course  be  hydraulic  .  tin-  tile*  in  one  ooone  are  taH 
with  their  sides  touching,  the  next  course  is  laid  with  these  joint*  occurring  over  tho  (pace*  between 
the  joints  of  the  course  below. 

There  are  flat  tiles  used  in  France  12  in.  by  9j  in. 

A  square  of  plain  tiling  requires  700  plain  tilea ;  1  bundle  of  lath*,  or  500  ft.  lineal;  000  nail*, 
4  Ibs.  to  the  1000  ;  4  eub.  ft.  of  mortar ;  and  1  peck  of  wooden  pins,  or  i  bunheL 

Pantiles  were  introduced  into  England  from  Holland ;  they  are  curved  in  traiuvene  teftl*^  with 
a  kind  of  lip  on  one  side  to  cover  the  joint  with  the  next  tile  in  the  flame  course.  They  measure 
about  14  in.  long  and  7  in.  to  9J  in.  across  the  chord  of  the  curved  part,  and  about  f  in.  thick,  and 
weigh  5J  Ibs.  They  are  made  with  a  tongue  projecting  from  the  centre  of  the  upper  edge  to  the 
rear ;  by  which  they  are  hooked  on  to  the  laths.  The  overlap  of  one  course  over  the  next  i*  from 
3  in.  to  4  in.,  consequently  they  form  a  much  lighter  covering  than  plain  tilt*.  The  lathe  are  from 
10  ft.  to  12  ft.  long,  H  in.  wide,  and  1  in.  thick.  The  til.  s  bhuuhl  U-  jointed  on  the  inaide  of  the 
horizontal  and  vertical  line  joints  with  "  hair  mortar,"  thut  i.-.  c<>mni«n  iu<>rtar  with  a  nail  portinti 
of  ox  hair  mixed  with  it.  With  pantiles  it  is  usual  to  employ  special  tilea  to  cover  the  ridges,  htj«, 
and  valleys. 

The  ridge  and  hip  tiles  arc  curved,  and  are  about  12  in.  long  and  9}  in.  across  the  chord;  they 
are  laid  in  mortar  without  any  overlap,  and  are  fastened  with  nails  or  hook*.  YaUty  tile*  are owed 
and  triangular-shaped,  and  are  about  10J  in.  by  12  in. ;  they  overlap,  are  hud  in  mortar,  and  fastened 
with  wooden  pins  like  plain  tiles. 

A  square  of  pantiling  requires  180  pantiles ;  1  bundle  of  10  ft.  laths,  or  120  ft  lineal ;  190  nail*, 
10  Ibs.  to  the  1000 ;  and  6  cub.  ft.  of  hair  mortar. 


slope,  and  another  set  laid  with  the  curved  side  up|>ennost,  covering  the  joints  of 

forming  a  series  of  ridges  between  the  channels.    This  system  is  not  so  effective  as  plain  til 

countries  exposed  to  heavy  winds  and  snow,  because  the  number  of  irregularities  in  the  s»r*- 

the  roof  afford  so  many  points  for  tho  wind  to  act  on  and  for  the  snow  to  accumulate  in.    8or 

the  channel  and  ridge  tiles  arc  both  the  same,  or  about  the  same  shape,  as  is ^the  caM  in 

roof  covering.    M.  lienaud  mentions  tho  following  usual  form  now  in  use  in  Italv :— The  eJ 

tiles  (ta/o/0  are  flat,  and  about  10  in.  long,  10  in.  » idc  ut  the  lowerend,  and  I 

with  a  ledge  or  rim  down  each  «ide ;  the  riilp  til. -.-,  (eMeiQ  arc  curved, and  about  tbes 

and  CJ  in.  wide  at  tho  upper  end  and  'J  in.  at  the  low  •  r  •  |hi  .  \  crlop  is  abot 

rafters  of  the  roof  (which  are  at  about  1  ft.  central  interval)  are  laid  commoo  flatUlsB,  i 

the  ridge  and  furrow  tiles  are  laid.    The  proper  idope  for  them  is  Cram  U    t 

'  aJTJ!fe  pmtile  (as  it  is  called/is  made  by  Browne,  of  Bridgewator ;  it  is  16|  in.  by  14  in,  and 

1  in.  thick,  and  weighs  1\  Ibs. 

Thutfhin'i  is  a  name  given  to  a  kind  of  covering  over 
straw,  laid  on  lathing  and  rafters,  which  may  be  of  the  same  stn 
apart  as  for  a  common  elated  roof ;  1-ut  in  country  places,  when 
branches  of  tree*' 


rafters;    and  if    the  rafters  nro  fur  R|-art,  the  lathing 


nUces,whw» 
of  from  8 


found  to  slip  down  from  its  fastenings. 

?^SS#!ES.  w  » 

ratory  to  its  being  made  into  bundles  for  unc. 
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A  thatcher's  fork,  Fig.  2077. — This  is  a  branch  of  some  tough  kind  of  wood,  cut  with  two  Mimllrr 
branches  proceeding  from  it,  so  as  to  form  a  fork,  as  shown  in  the  diagram ;  the  joint  of  the  two 
Imuiciu's  is  generally  strengthened  by  a  small  cord,  to  keep  it  from  slipping  when  it  is  used.  A 
small  cord  is  fastened  by  one  end  into  one  of  the 

.11.  Is  of  the  fork,  and  a  loop  is  spliced  on  the  2(^ 

other  end  of  the  cord  ;  this  loop  is  made  to  pass       *  $*^? 
over  the  other  end  of  the  fork,  and  to  fit  into  a 
notch  cut  to  receive  it,  as  shown  in  Fig.  2077. 

This  tool  is  used  to  carry  the  straw  from  the        ,       u  0  yip. 

heap,  where  it  has  been  wetted  and  prepared,     *^  -^.  '^i 

up  to  the  thatcher  on  the  roof,  where  it  is  to  be    N 
used. 

A  thatched  rake,  Figs.  2078  to  2080.— The 
handle  should  be  of  ash  or  some  tough  wood, 
made  not  round  but  square,  so  that  it  may  be 
grasped  firmly  without  fear  of  its  slipping 
round  in  the  hand :  the  arrises  may  be  slightly 
rounded  off,  so  as  not  to  hurt  the  hand.  It  will  be  seen  by  referring  to  Fig.  2079  that  a  crook  is 
formed  in  the  handle ;  the  reason  for  this  will  be  explained  when  we  come  to  speak  of  the  manner 
of  using  the  different  tools. 

The  use  of  this  tool  is,  after  the  straw  is  laid,  to  comb  it  down  straight  and  smooth. 
A  thatcher's  knife,  or  eaves'  knife. — This  tool  is  similar  in  shape  and  make  to  the  reap-hook, 
except  that  it  is  larger,  and  not  curved  so  quickly. 

The  use  of  this  tool  is  to  cut  and  trim  the  straw  to  a  straight  line  at  the  eaves  of  the  roof. 
The  thatcher  also  requires  a  knife  shaped  something  like  a  bill-hook,  to  point  the  twigs  used 
for  securing  the  straw. 

A  half-glove  or  mitten,  of  stout  leather,  to  protect  the  hands  when  driving  in  the     sosi.  2082. 
smaller  twigs,  called  spars. 

A  long  flat  needle,  Figs.  2081,  2082. 

A  pair  of  leather  gaiters,  to  come  up  above  the  knees,  to  protect  his  knees  and 
chins  when  kneeling  on  the  rafters. 

A  sharp  grit-stone  to  sharpen  the  knives. 

The  Timbering  and  Lathing  necessary  for  a  Thatched  Roof. — As  before  stated,  the 
rafters  for  a  thatched  roof  may  be  of  round  timber,  such  as  the  branches  of  trees,  and  young  trees, 
of  from  3  in.  to  6  in.  in  diameter,  placed  not  more  than  14  in.  from  centre  to  centre,  but  sometimes 
the  rafters  are  of  sawn  timber :  in  that  case  they  should  be  cut  about  the  same  scantling  as  for  a 
slated  roof,  not  as  for  a  tiled  roof. 

The  lathing  in  a  thatched  roof  being  very  liable  to  rot,  it  should  be  split  out  of  heart  of  oak,  or  some 
other  equally  durable  wood  :  the  laths  are  about  1J  in.  wide,  and  J  in.  to  f  in.  thick,  and  are  nailed 
on  the  rafters  about  8  in.  apart  in  a  horizontal  direction,  just  the  same  as  for  a  tiled  or  slated  roof. 

If  the  laths  are  placed  farther  apart  than  8  in.,  the  straw  is  apt  to  bag  or  sink  down  between 
them ;  the  rain  lodges  in  the  hollows,  and  of  course  soon  rots  the  straw. 

An  eaves'  board  about  7  in.  wide  is  required  to  start  the  first  part  of  each  course  of  thatching 
upon. 

A  description  of  the  manner  of  executing  a  Thatched  Hoof. — The  rafter  and  eaves'  board  being 
fixed,  and  the  lathing  nailed  on  in  rows  at  the  prescribed  distance  apart  before  mentioned, — 

As  much  straw  is  taken  as  it  is  thought  will  be  required  for  the  whole  roof,  which  may  be  got 
at  by  estimating  a  square  to  take  from  3J  to  3f  cwts.  of  wheaten  straw :  care  should  be  taken  to 
keep  the  fibres  or  stalks  as  parallel  to  each  other  as  possible.  As  each  truss  of  straw  is  opened,  it 
is  spread  out  and  wetted,  using  about  3  or  4  gallons  of  water  to  each  truss.  The  straw  is  then 
tossed  over  and  mixed  together  in  one  great  heap  with  the  stable  fork,  so  that  every  part  may  get 
an  equal  portion  of  the  water.  If  the  weather  is  fine  and  dry,  the  straw  may  be  used  directly ;  but 
if  the  weather  is  damp  or  rainy,  the  straw  should  be  allowed  to  lay  for  a  day  or  so  to  drain,  and  be 
once  more  turned  over. 

The  reason  for  wetting  the  straw  is  to  make  it  lay  close,  and  to  enable  the  thatcher's  labourer 
more  easily  to  draw  the  stalks  out  parallel. 

The  thatcher  and  his  labourer  being  now  ready  to  commence,  the  labourer  spreads  as  much  of 
the  straw  on  the  floor  as  will  make  a  bundle  12  in.  wide  and  4  in.  thick ;  the  labourer  then  stooping 
down,  with  his  left  hand  draws  the  straw,  little  by  little,  to  his  feet,  and  while  doing  so,  with  his 
right  hand  draws  out  any  loose  straws  that  may  be  lying  crosswise :  by  this  means  he  gets  a 
compact  bundle  of  straw  from  3  ft.  to  4  ft.  long,  according  to  the  goodness  of  the  straw,  and  all  the 
stalks  are  parallel.  This  bundle  is  called  a  "  hellam."  The  labourer  having  placed  four  or  six 
hellams  crosswise  in  his  thatching  fork,  he  carries  it  on  his  shoulder  up  to  the  thatcher  on  the  roof, 
in  the  same  manner  as  a  bricklayer's  labourer  carries  a  hod  of  mortar :  the  fork  is  secured  on  the 
roof  by  a  small  peg  and  a  piece  of  string. 

The  thatching  is  now  laid  in  courses  3  •  0  wide,  beginning  at  the  right  end  of  the  roof,  so  that 
the  thatcher  works  from  right  to  left.  The  courses  are  laid  parallel  with  the  rafters,  and  not 
parallel  with  the  lathing  (as  is  the  case  in  slating  and  tiling).  Care  must  be  taken  at  starting  the 
eaves  to  have  a  good  firm  body  of  thatch,  letting  the  straw  hang  over,  to  be  afterwards  trimmed 
with  the  eaves'  knife  to  a  straight  and  good-looking  edge.  A  row  of  three  hellams  is  placed  on 
each  succeeding  lath  in  the  course,  and  each  row  of  hellams  is  secured  to  the  rafters  with  a  young 
tough  twig,  called  a  ledger ;  it  is  about  4  ft.  long  and  1  in.  in  diameter :  each  row  of  hellams  is 
also  secured  to  the  row  underneath  it  with  three  split  twigs,  called  spars  :  the  spars  are  about  2  ft. 
long,  and  eight  can  be  split  out  of  a  branch  2  in.  in  diameter ;  they  are  pointed  at  both  ends,  and 
are  then  doubled  in  two,  and  the  thatcher  gives  them  two  twists  round  in  his  hand,  in  the  same 
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SrS^^SS^^^^^^Ssss^*: 

3y  should  not^reTin  the  douMhu l  ,m  *****  **  **"  *****  ****  ****  •»  «-H 


. 
in  order  that  they  should  not  b         to        d  u  > 


of  the  course  with  about  8 
row  of  hellams,  and  pre\ 
inside  rafter  of  a  course 


B  Uien  nually  gives  it  another  combinir.  and  after  tlmt  muv.t),*  ,t  .1. 


and  flfter  ^  — "- 

It  will  be  seen  by  referring  to  Figs.  2078  and  2080,  that  a  crook  u  formed  in  the  handle  of  the 

fa  * keep          ' 


The  ridge  and  hips  are  managed  thus :— The  thatcher,  in  doing  one  side  of  his  root  Uk.-, 
to  leave  a  good  length  of  screw  hanging  over  and  past  the  ridge.    As  he  finishes  thetoT 
course  on  the  other  side  of  the  roof,  he  bends  down  the  tops  of  the  first  side,  and  coven  them 
with  the  last  row  of  hellams  on  the  last  side,  bending  these  last  in  their  turn  down  over  th 

side  of  the  roof. 

The  ridge  is  then  secured  on  each  side  with  three  rows  of  bands  or  span,  placed  end  to  end.  and 
each  spar  is  secured  with  three  other  spars  to  thatch. 

In  the  case  of  the  hips,  there  are  no  bands  of  spare,  but  single  spars,  12  in.  apart  are  bent 
crosswise  over  the  hip,  and  secured  with  three  other  spars,  as  before.    The  cares  aroabo  mean 
with  two  rows  or  bands  of  spars. 

Wheateu  straw  thatching,  done  as  here  described,  will  last  in  our  climate  from  fifteen  to  twenty 
years.  Oat  straw,  about  eight  years. 

Shinnies,  or  wooden  slates,  are  made  from  hard  wood,  either  of  oak,  larch,  or  cedar  or  any 
material  that  will  split  easily.  Their  dimensions  are  usually  G  in.  wide  by  12  or  18  in.  ***r.  and 
about  J  in.  thick.  They  are  laid  in  horizontal  courses  of  4  or  5  in.  gauge,  nailed  upon  boards. 
the  joints  broken,  commencing  with  the  caves'  course.  The  ridge  is  secured  by  what  b  cmll«l 
a  ridge-board,  or  a  triangle  of  inch  stuff  of  C  or  8  in.  each  side.  In  America,  where  this  roof 
is  ec nnmon,  the  mechanics  have  a  special  tool  for  shingling,  called  a  shingle-axe,  with  a  hammer 
at  the  back. 

Metal  Coverings. — Metal  coverings  are  generally  laid  in  large  sheets  or  plate*,  and  as  they  an 
for  the  most  part  composed  of  materials  of  great  tenacity,  one  of  the  intermediate  ordrrs  of  bearers 
can  generally  be  dispensed  with,  and  the  sheets  of  metal  can  be  laid  on  tho  rafters  or  purlins. 
Metal  coverings  should  be  fastened  in  such  a  manner  as  to  admit  »|  ex|*nsion  and  contraction, 
and  therefore  not  with  nails  as  a  general  rule;  also,  because  the  nail-holes,  if  exposed,  soon  *^hrat 
with  rust  and  form  leaks. 

Iron. — Cast-iron  plates  are  seldom  used,  except  when  the  roof  consists  of  a  reamoir  or  tank. 
in  which  case  it  is  frequently  made  of  cast-iron  plates  bolted  together  by  means  of  fiangm 
iron  is  frequently  employed  in  roofing,  for  caves'  gutters,  and  rain-water  pipes,  and  b  one  of  the 
most  effective  materials  that  can  be  u.se<l  f»r  th.-.-e  purposes.  Both  gutters  and  pipes  may  be 
made  as  thin  as  they  can  be  efficiently  cast ;  tho  gutters  may  be  of  any  cross  section  mj< 
correspond  with  the  other  mouldings ;  for  an  ordinary  roof  they  should  not  be  Ices  than  5  in.  deep  In 
this  climate.  With  that  depth  they  may  be  laid  nearly  horizontal,  as  it  b  an  advantage  to  have 
some  water  always  in  the  gutter.  The  lengths  or  pieces  should  be  connected  by  flanges  and  bolts, 
to  allow  of  the  introduction  of  fresh  parkin.-.  The  connection  of  the  gutter  with,  the  wall  should 
be  very  firm,  and  such  as  to  allow  f<>r  it*  expansion  and  contraction.  With  snob  a  gutter  a  «••• 
pipe  or  means  of  escape  for  tho  rain  hhonld  IM-  provided  at  about  every  SO  ft  lineal  of  gutter; 
this  should  not  be  less  than  4  in.  in  internal  diameter,  and  should  have  a  larger  bead  «iUi  a 
grating  over  it  to  prevent  leaves  or  other  matter  getting  into  it  HVw^af-irss  •fete  are  o»rJ 
l>oth  flat  and  corrugated.  With  flat  plate*  the  m  K!O  of  forming  the  longitudinal  ioinU  (down  the 
elope)  mention'  <1  In  Keiiuml  i*  the  ni—t  .  ftWtive,  namely,  ly  bending  the  two  edges  of  UM  adja- 
cent plates  over  a  roll  of  \\<»»\  extending  .I"«n  the  r»of, so  a*  to  avoid  nailing.  Cbfrufssse*  evwajef* 
iron  i,lii<-x  have  heen  mueli  used  of  late  yarn  in  this  country.  They  are  made  la  abort*  about 
12  ft.  Ion- and  <;  ft.  wide,  and  in  thickm-ases  from  about  No.  20  to  No.  Ifl  of  the  Birmingham  wire. 
gauge  (that  is,  from  about  ^  to  .X) ;  the  corrugations  are  from  8  to  5  in  em*  •  wlj 

necessary  to  support  mediunveJxeo  <*i  'rrugaUjd  in>n  at  interval*  ••(  about  6  ft*  hsuee  the^ frame* 
work  of  the  roof  can  be  himpliti.  .1 ;  the  corrugations  being  placed  so  as  to  form  ridges  ami  furrows 
extending  down  tho  slope  of  the  loof,  tho  overtep  of  tho  shwte  at  the  skies  forms  of  iteclf  •  tw»ily 
water-tight  joint :  it  is  neres.snry.  however,  to  fasten  the  sheets  with  nails  along  the  ton  ami  bottom 
of  each  sheet  to  horizontal  purlin*  or  battens,  in  order  to  prevent  them  being  lifted  by  the  wmd. 
These  nail-holes  are  sources  of  decay  and  leakage. 

No  thin  sheets  of  wrought  in-ii  will  last  many  years  without  some  artiidal  eoattng,  and  no 
artificial  routing  nt  pre.-mt  in  UM-  will  effectually  prevent  oxidation,  without  freqaent  r**e*i 
With  thick  platea  not  liable  to  auy  disturbing  causes,  UM  coating  of  oxide  forms  an  e*j 
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covering  in  itself,  for  it  will  not  penetrate  far  into  the  iron  and  resists  further  change ;  but  the 
liability  to  decay  from  rust  of  thin  plates,  especially  when  exposed  to  the  action  of  any  acid,  has 
checked  the  application  of  wrought  iron  as  a  roof  covering.  A  coating  of  xiiu;  i.s  applied  to  such 
plates  for  this  object,  and  preserves  them  for  several  years,  but  wherever  the  coating  is  broken 
through,  both  the  zinc  and  the  iron  decay  rapidly ;  for  this  reason  no  holes  or  cuttings  should  be 
made  after  the  zinc  has  been  applied,  and  a  coating  of  paint  is  frequently  desirable  in  addition  to 
the  zinc. 

/..I./  is  the  most  durable  covering  for  roofs  of  all  the  metals.  Its  malleability  requires  that  it 
should  be  supported  on  boards,  and  as  it  must  bo  of  considerable  thickness  to  retain  its  shape,  it 
forms  a  heavy  covering.  There  are  two  kinds  of  lead  used  in  roofing,  cast  and  milled.  The  former 
is  the  harder  of  the  two,  and  is  preferred  for  ilats,  cisterns,  gutters,  and  tanks;  the  latter  being 
more  malleable  is  preferred  for  hips,  ridges,  and  flashings.  Both  kinds  are  made  in  sheets  about 
6  ft.  wide,  and  the  cast  from  1C  to  18  ft.  long,  and  the  milled  from  18  to  25  ft.  long,  and  it  is 
generally  designated  by  the  weight  per  square  foot :  that  for  flashings  being  not  less  than  5  Ibs.  ; 
for  hips,  ridges,  and  valleys  not  less  than  6  Ibs. ;  for  gutters,  flats,  and  cisterns,  not  less  than  7  Ibs. 
a  sq.  ft.  5  Ib.  lead  is  about  ^  in.  thick,  and  7  Ib.  about  -J-. 

As  the  expansion  of  leau  is  considerable  with  increase  of  temperature,  the  joints  must  not  be 
fastened  together  by  solder  or  by  any  other  means :  when  a  joint  is  required  to  be  in  the  direction 
of  the  slope,  it  is  made  by  a  roll  of  wood  as  above  mentioned  for  iron  plates ;  when  the  joint  is 
across  the  slope,  it  is  made  by  what  is  called  a  drip,  which  is  a  small  vertical  fall  arranged  in  the 
boarding  over  which  the  two  edges  of  the  lead  sheets  overlap.  Lead  on  flats,  that  is  roofs  nearly 
horizontal,  should  be  laid  in  widths  not  greater  than  half  the  width  of  the  sheet ;  on  gutters  and 
flii.-hiiigs  it  should  be  in  lengths  not  greater  than  half  the  length  of  the  sheet.  Gutters  and  flats 
should  have  an  inclination  of  at  least  J  in.  in  a  foot  or  -fa,  that  is  when  the  cross-section  of  the 
gutter  is  nearly  flat,  as  is  frequently  the  case  with  lead  gutter.  When  the  sides  or  ends  of  gutters 
or  flats  are  formed  by  walls,  the  lead  should  be  turned  up  against  the  walls  of  about  6  in.  high, 
and  be  covered  by  a  separate  piece  of  lead  called  a  flashing,  the  upper  edge  of  which  is  let  into  a 
mortar  joint  in  the  wall,  and  the  lower  edge  covers  the  top  of  the  gutter  lead  about  3  in.  The 
joints  of  flashings,  and  of  hips  and  ridges,  are  lapped  joints ;  this  joint  is  suitable  only  for  such 
narrow  pieces  of  lead  in  vertical  or  inclined  planes.  In  a  ridge,  the  lead  is  moulded  over  a 
wooden  roll  fixed  to  the  ridge-piece,  and  laid  over  the  roof  covering  on  each  side ;  its  own  weight 
is  sufficient  to  keep  it  down  without  any  nails.  In  hips  there  is  a  tendency  in  the  lead  to  slide 
down  :  this  might  be  prevented  by  the  top  of  every  piece  being  nailed  down  with  ordinary  nails, 
which  would  be  covered  by  the  lap  of  the  piece  above  it. 

In  water  cisterns  and  tanks  lined  with  lead  the  joints  must  of  necessity  be  made  of  solder  to 
ensure  their  being  water-tight. 

Solder  used  by  the  plumber  is  composed  of  equal  parts  of  lead  and  tin ;  it  is  run  into  the  joint 
in  a  molten  state,  and  smoothed  down  by  what  is  called  the  grosinj  iron,  and  finished  off  by  filing 
and  scraping.  The  joints  of  the  lead  are  first  scraped  clean  and  covered  with  borax,  which  easily 
melting  forms  a  coating  to  prevent  oxidation  while  the  soldering  is  in  process. 

Copper  is  in  itself  very  durable  as  a  roof  covering,  but  it  is  generally  used  in  such  thin  sheets, 
on  account  of  the  expense  of  it,  that  it  is  liable  to  become  ineffective  as  a  covering  before  the 
material  is  worn  out.  It  is  used  in  England  in  sheets  weighing  about  16  oz.  a  sq.  ft. ;  and  in 
Paris  in  sheets  measuring  about  3£  ft.  by  4£  ft.,  and  weighing  up  to  28  oz.  a  sq.  ft.  It  is  not 
considered  necessary  in  Paris  to  cover  sheets  of  that  thickness  with  paint  or  other  coating,  as  the 
coating  of  oxide  which  soon  forms  on  it  is  a  sufficient  protection.  The  mode  of  fastening  copper 
sheets  is  similar  to  that  recommended  for  lead  :  on  account  of  the  thinness  of  them,  they  should 
be  laid  on  boards. 

Zinc  is  frequently  used  for  roof  coverings  on  account  of  its  cheapness  as  compared  with  lead 
and  copper.  It  is  not  so  durable  as  either  of  them,  but  being  stronger  than  either  it  can  be  used 
in  thin  sheets  without  boards  immediately  under  it ;  it  is  used  in  England  in  sheets  weighing 
from  12  to  20  oz.  a  sq.  ft.,  and  in  Paris  in  sheets  about  6  ft.  long  and  18  to  30  in.  wide,  and 
weighing  from  20  to  40  oz.  a  sq.  ft.  The  thick  sheets  are  said  not  to  require  any  other  coating 
beyond  that  of  the  oxide  naturally  formed. 

Iron  Roofs. — The  facilities  now  available  for  the  rolling  of  wrought  iron  into  bars  of  various 
cross-sections,  enable  it  to  be  used  with  efficiency  and  economy  in  the  framework  of  buildings. 
The  metal  can  be  disposed  in  the  cross-section  in  such  a  manner  as  to  give  the  maximum  of 
strength  with  a  given  quantity  of  material,  and  to  give  considerable  stiffness  at  the  same  time, 
and  its  elastic  force  is  much  greater  than  that  of  wood.  Therefore,  beams  of  wrought  iron  can  be 
used  with  efficiency  and  economy  in  larger  spans  and  bearings  than  of  wood  :  hence,  a  framework 
or  roof  of  iron  can  be  made  of  simpler  construction  than  one  of  wood :  a  smaller  number  of  orders 
of  bearers  can  be  employed,  and  the  principal  frames  or  trusses  can  be  more  simple  and  have 
greater  bearings.  The  general  arrangement  of  a  wooden  roof  has  been  followed  in  iron  roofs  up 
to  a  span  of  about  50  ft. ;  there  are  principal  trusses,  but  they  are  sometimes  15  and  20  ft.  apart  ; 
the  purlins  are  consequently  stronger,  and  are  sometimes  framed,  and  in  roofs  that  are  covered 
with  iron  or  zinc  plates,  these  are  frequently  laid  on  the  purlins  direct.  The  facility  of  forming 
joints  in  wrought-iron  work  has  caused  other  forms  of  trusses  to  be  adopted,  which  bring  the 
strains  more  directly  on  to  the  bars  composing  it.  The  principle  of  one  of  the  most  common  of 
these  trusses  is,  that  the  beam  or  bar  representing  the  principal  rafter  is  supported  at  one  or  more 
points  by  short  struts  at  right  angles  to  it,  the  ends  of  which  are  connected  by  a  contiauous  bar 
or  rod  with  both  ends  of  the  rafter ;  the  whole  strain  which  passes  down  the  struts  is  thus  trans- 
ferred to  the  rafter,  compressing  it  at  each  end  in  the  direction  of  its  length  :  owing  to  the  inclina- 
tion of  the  rafter  there  will  be  an  unbalanced  force  at  the  lower  end,  which  must  be  met  partly 
by  the  wall  or  column,  and  partly  by  a  tie-bar  or  rod  connecting  the  lower  ends  of  the  two  rafters 
or  some  other  intermediate  points  on  the  rafters.  "When  this  tie-bar  is  placed  at  an  intermediate 
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point,  a  cross  strain  is  thrown  upon  the  principal  rafter  near  that  point  a*  in  the  < 
beam  truss. 

When  the  span  of  the  roof  is  very  large,  a  curved  rib  or  rafter  u  frequently  used,  in  which 
the  line  of  pressure  of  the  forces  acting  on  thereof  i.-  ki-pt  within    r  nearly  within  th*  rib,  and  U; 
horizontal  force  at  the  springing  points  is  provided  for  by  a  tit-bar  i^tn^t^g  thna     Thi 
bar  being  of  comparatively  small  cross-section  for  its  length,  U  supported  bykhur  or  tnom  lodi 
from  the  rib ;  sometimes  it  is  curved,  or  rather  polygonal,  consulting  of  straight  p4eaM  betwwsi  IftsB 
supporting  rods,  forming  a  convexity  upwards  wi'th  the  object  of  eai  ' 


..  in  the  centre; 

!.i     t      '-        .•         1 


convexity  upwards  w  ith  the  object  of 

in  all  such  cases  there  is  a  horizontal  force  not  taken  up  by  the 
either  by  the  rib  or  by  the  walls. 

The  rafter  or  rib  in  iron  roofs  has  generally  a  T  cross-section  with  the  *U«Tgt 
the  convenience  of  fastening  the  upper  parts  of  the  structure  to  it ;  this,  however  L 

the  most  effective  cross-section,  and  consequently  large  ribs  are  generally  made  w'ith  an  I 

Both  sections  can  be  rolled  in  one  piece  up  to  10  in.  in  d<  jith  and  1  in.  thickness  of  -""fri!,  and  to 
a  length  of  30  ft.,  without  difficulty ;  above  that  size  tiny  11,11-1  be  built  up  of  flat  and  OTgff  plate* 
riveted  together.  Struts  arc  made  of  wrought  iron  of  T  cross-section,  and  •^rnTtlmrit  of  two  T 
pieces  bolted  together  flange  to  flange,  forming  a  +  cross-section :  sometime*  they  are  of  east  iron, 
in  which  case  they  can  be  made  of  the  best  theoretical  section,  both  transverse  and  longitudinal,  to 
resist  compression.  Tie-bars  are  generally  rods  of  a  circular  cross-section  when  •iisll.  or  flat  ban 
when  large,  any  additional  required  strength  in  any  part  being  generally  obtained  by  osing  addi- 
tional bars  of  the  same  cross-section.  The  same  method  of  obtaining  additional  strength  i* 
adopted  generally  in  the  rafters  or  ribs,  in  which  the  thickness  of  the  top  flange  b  generally 
increased  as  required,  by  adding  additional  flat  plates  to  U.  1'urlins  are  generally  made  either 
with  an  L  cross-section  or  a  bridge  (Jl)  cross-section,  in  both  cases  for  the  purpose  of  fastening 
other  parts  to  them ;  for  which  purpose  also  the  vacant  space  in  each  b  fmftinntt  filled  . 
timber.  Large  purlins  are  made  of  timber  trussed  with  iron,  or  of  framed  ironwork  entirely,  and 
in  these  cases  are  sometimes  framed  in  between  the  principal  rib*  to  gain  height  and  ttiflVv** 

Provision  should  be  made  in  all  large  iron  framework  for  expansion  and  contraction.  Thb  b 
generally  done  by  allowing  one  end  of  a  truss  or  frame  to  be  unfixed  and  free  to  move  borbmtally ; 
and  to  reduce  the  friction,  the  bearing  surface  of  the  end  U  sometime*  mad*  to  rest  on  boa  rollers 
turning  in  an  iron  frame  and  working  in  oil  •.  sometimes  the  end  is  suspended  by  or  fixed  to  a 
short  piece  fixed  to  an  iron  support  resting  on  the  wall,  which  from  the  action  of  the  two  erntm 
of  motion  admits  of  a  small  motion  of  the  whole  frame.  With  short  iron  beam*,  such  a*  the  ginbc* 
for  small  bridges,  it  is  considered  sufficient  to  bed  them  on  lead  without  other  f**tmfasg,  their  own 
weight  being  sufficient  to  keep  them  in  their  places. 

The  bearing  surfaces  of  ironwork  are  so  small  that  it  is  impossible  to  frame  them  tog«" 


in  any  manner  depending  on  those  surfaces,  as  in  woodwork.    There  are  two 

adopted  for  connecting  iron  bars.     1st,  by  large  bolts,  which  are  n*ed  when  the 

eists  of  a  comparatively  few  pieces  of  large  cross-section     It  is  an  advantageous 

the  bolts  are  so  large  that  their  efficient  manufacture  can  be  depended  on.    2nd,  *f  riwta,  which 

are  used  when  the  pieces  consist  of  comparatively  thin  plates,  and  are  numanton  by"  •  k«M* 

number  of  small  bolts  called  rivets.    The  joints  in  ironwork  are  always  the  weakest  part  of 

structure:  no  joint  has  ever  been  used,  except  welding,  of  which  the  strength  is  at  dl  maal  li 

that  of  the  solid  part  of  the  pieces  joined  :  then,  the  manufacture  of  small  bol  tseannot  be  d*p«id*a 

on,  consequently  at  the  parts  of  the  framework  where  the  greatest  strain  occurs,  the  niatrf 

weakest ;  and  as  those  are  the  points  on  which  oxidation  is  most  likely  to  occur,  it  may  t 

that  the  joints  of  ironwork  \\  ill  give  way  in  course  of  time  before  the  solid  pn 

selves.    Therefore,  when  l>olts  are  so  large  as  to  become  bars,  it  u  adrantageoa*  * 

otherwise  there  is  an  advantage  in  meting,  because  there  is  a  greater  n* 

connections  at  one  joint,  and  a  rivet  being  hammered  in  red  hot  is  a  more  eCsctiTe  eon 

a  bolt  fixed  cold,  the  pieces  lie  closer  together,  and  upon  the  whole  then  are  |lMnlty 

separate  joints  in  the  whole  structure  when  rivets  are  used. 


Polls  which  are  subject  to  a  shearing  strain,  as  In  Fig.  2 
should  not  have  to  bear  more  than  4  ton*  to  a  «j|Oaj«J 
each  section  liable  to  be  sheared.     If  fixed  as  In  F 
considered  as  having  six  shearing  *<-tion».  and  would 
bear  24  tons  per  square  inch  of  cross-section  of  l-.lt. 

Bolts  which  are  sul.j.-rt  to  direct  tensile  strain,  as  in  F 
should  not  have  to  Ix-ar  more  than  -r>  ton*  to  •  *qn*re 
cross-section  at  a  6,  or  4  ton*  a  square  inch  ot 
which  cd  is  the  depth,  and  tl»-  e.nM.mfewOOeofJ 
length,  which  is  subject  to  shearing  strain. 
boHisofcqtml«tr,n^tl,tl.:  '/."""'ilH.'^ 

Screw  bolts,  which  are  «il.j.*-t  t"  •  .we*  J^jJ""?  "T  ,'n 
Fig.  2085,  should  Imv  h.  u.l,  of  «l"t,l.l.  the  depth 
heads,  because  it  is  sjHsMM  that  half  the  f 


be  equal  to  the  diameter  of  the  l»'lt. 
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The  diameter  of  the  nnt  is  generally  twice  that  of  the  bolt  itself ;  but  evidently  the  part  c  </, 
Fig.  2084,  should  not  be  subject  to  a  greater  pressure  por  square  inch  thau  the  safe  crushing  strain 
of  the  metal. 

2035.  2086. 


u. 

QI. 


Links,  that  is  to  say,  two  or  more  flat  bars  connected  together  by  a  bolt  passing  through  their 
ends,  and  subject  to  tensile  strain,  should  have  those  ends  enlarged,  as  in  Fig.  2086,  so  that  the  sum 
of  the  areas  of  the  cross-sections  etc  and  />«/  shall  be  equal  to  the  area  of  the  cross-section  of  the 
body  of  the  link.  The  end  is  also  subject  to  a  shearing  strain  on  the  sections  a  e  and  6  /,  the  areas 
of  the  cross-sections  at  each  of  those  two  points  should  therefore  be  calculated  so  as  to  have  a  strain 
of  not  more  than  4  tons  a  square  inch  on  them.  Also,  the  compressile  strain  on  the  surface  a  g  b 
should  not  exceed  5  tons  the  square  inch. 

Rivets. — The  dimensions  of  rivets  and  of  the  plates  at  the  joint  may  be  calculated  by  the  same 
rules  as  for  single  bolts.  If  it  is  a  joint  subject  to  tension,  as  in  Fig.  2087,  the  effective  strength 
of  the  joint  and  of  the  plate  is  the  resistance  of  the  cross-sections  a  b  and  c  d  to  tension,  and  of 
the  cross-sections  be  and  cf  to  shearing.  If  it  is  a  joint  subject  to  compression,  as  in  Fig.  2088, 
the  effective  strength  is  the  resistance  of  the  section  y  i  h  to  compression.  Hence,  in  a  tensile  lap 
joint  the  size  of  the  rivets  should  be  as  small  as  possible,  and  the  sections  of  the  parts  abed  as 
large  as  possible ;  and  in  a  compressile  lap  joint  the  size  of  the  rivets  should  be  as  large  as  possible. 

Lap  joint  is  the  name  given  to  a  riveted  joint  when  the  plates  overlap  each  other.  In  a  siw/lc 
rivet  lap  joint,  as  in  Fig.  2089,  the  whole  tensile  or  compressile  strain  being  divided  amongst  the 
spaces  between  the  rivets  determines  the  interval  of  them.  And  the  whole  shearing  strain  being 
divided  amongst  the  sections  ab,  c  d,  &c.,  determines  the  amount  of  overlap.  Fairbairn  considers 
that  the  strength  of  such  a  joint  under  tension  is  only  0'56  of  that  of  the  solid  plate  of  the  same 
general  cross-section. 

2087. 
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In  a  double  ritet  lap  joint  the  amount  of  overlap  and  the  intervals  between  the  rows  of  rivets 
both  ways,  and  the  size  of  the  rivets,  are  all  determined  by  the  above  considerations,  and  by  the 
rules  for  bolts.  Fig.  2090  shows  the  joint  recommended  by  Humber  for  tensile  strains 

Fig.  2091  shows  the  joint  he  recommends  for  compressive  strains. 


CONSTRUCTION. 

In  practice  the  diameter  of  the  rivets  is  generally  made  a  little  more  than  the  thickness  of  the 
plate,  and  the  interval  is  from  2  to  4  times  the  diameter,  according  to  tho  clu*-ueM  of  tl 
required. 

The  practice  in  H.M.  Dockyard  at  Chatham,  in  tho  construction  of  iron  ships,  is  to  we  rivete 
rather  larger  m  diameter  than  the  thickness  of  the  plate,  and  at  intervals  fromS  to  4  tiniM  the 
diameter.     Thornton  states  that  a  water-tight  joint  can  be  formed  with  tingle  riveting  at  in 
ef  4  diameters ;  double  riveting  is  commonly  used,  tho  first  row  being  placed  at  a  di»Uoee  of  a 
least  one  diameter  (of  rivet)  from  the  edge  of  the  plate,  and  the  second  row  at  about  3  iHiBirtsH 
from  the  first.    These  rules  determine  tho  length  of  what  is  called  the  butt-plate,  or  frWni 
The  rivets  in  the  second  row  are  placed  directly  opposite  those  in  the  first  row,  and  not  diagonallv 
opposite  the  spaces.    In  all  exterior  platea  the  outer  rivet-holes  are  countersunk  and  the  rivets 
hammered  flush. 

Bolt-nuts  are  generally  made  in  depth  equal  to  the  mean  diameter  of  bolt,  and  india-rubber 
washers  of  about  i  that  thickness  are  used  with  bolts  through  thick  platea. 

The  experiments  in  the  testing-house  of  Chatham  Dockyard  show  that  if  the  total  area  of  the 
rivets  is  equal  to  the  area  of  the  cross-section  of  plate  at  one  row  of  rivet-boles,  the  strength  of 
the  rivets  to  resist  shearing  will  bo  greater  than  that  of  the  plate  to  reeUt  tension ;  Hf>,  thf4  the 
punching  of  holes  in  steel  or  hard  iron  injures  the  metal  round  the  holes,  so  that  the  plate  is  con- 
siderably weakened  at  that  part.  Rivets  with  hammered  heads  are  more  liable  to  K*k  than  with 
heads  rounded  in  a  swage,  and  the  latter  than  countersunk  conical  heads :  countersinking  should 
always  be  drilled ;  and  rivets  fixed  cold  are  tighter  than  those  fixed  hot. 

The  following  extracts  from  the  Regulations  of  the  Society  of  Underwriters  at  Liverpool  for 
Iron  Ship  Building  show  the  practice  in  that  trade  for  riveting  plates : — 


Thickness  of  plates    . . 
Diameter  of  rivets 


Sixteenth!  of  in  Inch. 

..  '  5.     6.     7.     8.     10.    12.     13.    H.     15. 
..     8.    10.    12.    13.     H.     15.    1C.     18.     19.    20. 


Rivet-heads  should  be  thin,  and  rivet-necks,  nnder  the  heads,  should  be  bevelled  to  All  the 
countersink  formed  in  punching.  All  riveted  seams  and  butts  to  l«c  laid  up  quite  close,  so  as  to 
prevent  the  introduction  of  the  thinnest  knife  used  for  trying  riveted  work. 

Every  hole  requiring  to  be  countersunk  must  be  countersunk  quite  through  the  plate.  Karh 
rivet  to  fill  the  hole  and  to  be  laid  up  close  round  the  head,  and  when  lini-ln  •!  to  be  flush  and  fair, 
neither  projecting  above  nor  sinking  below  the  surface  of  the  part  through  which  it  |*ssea. 

All  double  riveting  to  be  in  parallel  rows,  or  what  is  termed  chain  riveting.  All  butts  to  be 
double  riveted.  Breadth  of  lap  in  seams  and  butts,  for  double  riveting,  to  bo  A|  timea  the  eiw  of 
the  hole  punched.  Rivets  to  be  4  diameters  apart,  from  centre  to  centre,  longitudinally  in  scams 
and  butts.  Rivets  in  framing  to  be  8  times  the  size  of  the  hole  punched,  apart. 

Iron  decks  to  have  their  butts  treble  riveted  amidships. 

J:'.rtract  from  Lloyd's  Rules. — Rivets  not  to  bo  nearer  to  the  butts  or  edges  of  the  plating,  or  of 
any  angle  iron,  than  a  space  not  less  than  their  own  diameter,  and  not  to  be  farther  apart  from 
centre  to  centre  than  4  times  their  diameter,  or  nearer  than  3  times  their  diameter.  In  single 
riveting  the  overlap  is  not  to  bo  less  in  breadth  than  3  times  tho  diameter  of  tho  rivets.  No  rivet 
to  be  less  than  £  in.  in  diameter. 

TABLE  OP  THE  WEIGUT  OF  ROOF  COVERINGS  AND  THE  SLOPE  FOB  THE*  SVITABUI  ro«  TUB 
ENGLISH  CLIMATE,  FROM  TREDGOLD. 


Material 

Ordinary  slates 
Large  slates 
Plain  tiles 
Pantiles  .. 
Thatch    .. 
Copper     . . 
Lead 


Weight  a  square  of  BOO  §q.  ft 

Ma 

500  to  000 
1120 


650 

-.'till.    :    •   -!:>{•  •< 

100 
700 


9 

H 
H 
H 

i  m 

::  :,. 


-. 


The  weights  here  given  include  the  covering  and  the  immediate  bearers  mHsr«Mtl 
rafters  or  other  framework.    An  allo\vim.-e.  f..r  tin;  pressure  of  wind  and  snowmaat  I 
addition.    Tredgold  recommends  that  tho  former  should  be  calculated  at  4    Iba,  a  square 
horizontal  pressure  on  a  vertical  surface. 

Floors.— Under  this  head  wo  include  all  kinds  of  floors  and  paf« 
the  framework  and  the  floor  covering.    Tho  technical  l.inl.1.  r  „  i,..  tun.-, 
flooring  only  the  boards  or  covering;  but  it  m  •  vi.l.  ntlj  more 
tho  parts  of  those  platforms  which  form  tho  living  places ita  bouses,  of  war 

The  same  general  principles  of  framing  apply  to  -« 
roofs  ;  being  simplified  in  the  case  of  floors,  because  •_ 
floors  of  this  class  is  to  provide  the  smallest  number  of  bearers  thai  i 
covering  with  the  greatest  economy  and  stiffneM. 

Sin/lc  Floors.— The  simplest  description  "f  wooden  floor.  VIM  -  -™ 

supporting  the  boards,  is  t.-dmi.-ully  .-ailed  a  sty*  /«*;.  Md  » 
recommend*  th:,t  ^..-l-  joisting  i.h..tiM  not  be  •»).! 
deflection,  which  then  b.  ...mes  so  great  M  to  be  iooonvenJai 
dicular  transverse  strain,  the  d.-jH-r  it  is  the  bet* 
turn  over  on  their  sid.*.  mid  to  counteract  thi*.  they  should 
strutting  may  be  comi«wcd  of  short  pieoee  of  wood  nearly  the  depth  of 


z  places  in  houses,  of  whatever  mlsrial  lh*r  are. 

to  mil  fcwri  of  wood  framing  as  were  applied  to 

use  they  are  almost  alwaw  flat    The  BR*|B»  to 

mber  of  bearers  that  wiQ  carry  aa  cflbotlv*  floor 
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right  angles  to  them,  find  moderately  tight,  and  nailed,  not  morticed.  Tredgold  rocommends  that 
there  should  bo  a  row  of  strutting  when  tho  bearing  of  tho  joists  is  more  than  8  ft.,  and  two  rows 
of  struttings  to  bearing  above  12  ft.,  and  an  additional  row  for  every  additional  bearing  of  1  ft. 
Ho  mentions  on  experiment  made  by  Professor  llobison  to  illustrate  the  strength  of  single  floors 
of  two  models,  one  representing  a  single  and  one  a  double  floor,  both  18  in.  square,  and  containing 
the  same  quantity  of  wood.  The  former  broke  with  a  load  of  487  Ibs.,  the  latter  with  a  load  of 
82711)8.  ' 

Joists  are  generally  laid  at  a  central  interval  of  1  ft.,  when  covered  with  boards,  because  floor 
boards  are  not  generally  more  than  1J  in.  thick;  and  with  a  much  greater  bearing  than  12  in.  they 
would  deflect  considerably. 

The  minimum  thickness  for  a  joist  is  2  in.,  to  allow  hold  for  the  nails  of  tho  boards  without 
splitting  the  timbers. 

They  arc  generally  laid  on  the  wall-plates,  and  not  notched  or  framed.  The  wall-plates  extend- 
ing all  round  the  walls  are  very  frequently  laid  in  a  kind  of  groove  left  in  the  brickwork;  and, 
therefore,  the  ends  of  the  joists  enter  into  the  walls,  a  practice  which  tends  to  cause  decay  in  the 
wood,  besides  weakening  a  thin  wall  considerably.  The  more  effective  method  is  to  corbel  out  tho 
wall  to  form  a  support  for  the  wall-plates,  and  so  keep  the  joists  clear  of  the  main  wall.  In  ground 
floors  this  is  accomplished  by  a  set-off  increasing  the  thickness  of  the  wall. 

Ceilings  that  are  covered  with  lath  and  plaster,  which  is  tho  method  commonly  used  in  Enghuid, 
are  supported  by  ceiling  joists,  which  are  notched  and  nailed  at  right  angles  to  the  joists  or  beams 
of  the  floor  above.  The  ceiling  joists  should  not  have  more  than  10  or  12  in.  central  interval, 
otherwise  the  lath  and  plaster  would  be  liable  to  break  from  its  own  weight.  In  a  single  floor, 
in  order  to  check  the  passage  of  sound  from  one  room  to  the  other,  it  is  usual  to  make  every  third 
or  fourth  joist  about  1 J  in.  deeper  than  the  others,  and  to  nail  the  ceiling  joists  to  these  only,  thus 
diminishing  the  points  of  contact  between  the  floor  boards  and  ceiling,  Tredgold  recommends  that 
no  ceiling  joist  should  have  a  greater  bearing  than  10  ft. 

The  ceiling  joists  should  not  be  less  than  2  in.  thick,  on  account  of  the  lath  nails. 
Framed  Floors. — The  method  most  recommended  by  Tredgold  and  others  for  introducing  a 
second  set  of  bearers  to  stiffen  a  floor  when  the  breadth  or  span  exceeds  15  ft.,  is  by  placing  large 
beams  across  the  breadth  at  suitable  intervals,  and  notching  the  joists  on  to  these.  These  large 
beams  are  called  girders.  Tredgold  assumes  the  central  interval  to  be  generally  10  ft. ;  but  that 
must  vary  according  to  circumstances.  One  advantage  of  the  framed  floor  is  that  the  ends  of  the 
girders  can  be  supported  easily  by  corbels  projecting  from  the  wall,  a  template  being  introduced 
under  each  to  distribute  the  weight.  If,  however,  the  ends  of  the  girders  are  let  into  the  main  wall, 
an  open  space  should  be  left  round  them  for  ventilation,  covered  with  a  flat  stone  or  arch  to  carry 
the  wall  above.  Girders  should  have  a  bearing  from  9  to  13  in.  on  the  wall.  Such  floors  of  two 
orders  of  bearers  are  technically  called  double  floors. 

When  the  breadtli  of  the  floor  is  above  30  ft.  it  is  difficult  to  procure  timber  of  the  necessary 
size  for  girders,  and  the  deflection  of  them  would  be  considerable :  hence  arose  the  practice  of 
trussing  or  framing  wooden  girders,  on  which  great  ingenuity  was  expended  before  iron  was  used, 
with  the  object  of  reducing  the  total  depth  of  the  truss  as  much  as  possible,  to  keep  down  the 
depth  of  the  whole  framework  of  the  floor.  Tredgold  considered  that  no  trussing  which  is  con- 
tained within  the  depth  of  the  solid  beam  itself  can  be  depended  on,  on  account  of  the  injury  to 
the  fibres  of  the  main  beam  by  the  framing  ;  also,  that  the  practice  of  cambering  a  beam,  that  is, 
so  fixing  the  framework  that  the  main  beam  without  any  load  on  it  assumes  a  curved  form,  convex 
towards  the  load,  so  cripples  the  fibres  that  the  additional  resistance  obtained  by  it  is  apparent 
rather  than  real  The  method  generally  recommended  for  floors  of  such  great  breadth  before  iron 
was  used  was  to  place  large  trussed  girders  at  about  10  ft.  central  intervals,  and  to  frame  in  other 
girders  between  them  at  about  6  ft.  central  interval,  and  to  notch  the  joints  on  these  last,  the  object 
of  framing  the  intermediate  girders  between  the  others  instead  of  notching  them  on  being  to  save 
total  depth  in  the  floor.  These  intermediate  girders  are  technically  called  binding  joists,  and  the 
common  joists  are  in  this  case  called  bridging  joists,  and  the  whole  is  called  a  framed  floor.  The 
ceiling  of  the  room  below  such  a  floor  is  supported  by  common  ceiling  joists  fixed  to  the  binding 
joists  of  the  floor,  or  to  others  fixed  to  the  girders  for  the  purpose.  But  Tredgold  considers  it  would 
probably  make  a  stronger  floor,  though  of  greater  total  depth,  to  place  girders  at  5  ft.  interval,  and 
omit  the  binding  joists  altogether. 

He  recommends  that  a  wooden  floor  should  be  laid  with  a  slight  camber  upwards  (about  f  in. 
in  20  ft.),  and  especially  ceiling  joists,  with  the  object  of  allowing  for  settlement  from  shrinking. 

The  following  practical  rules  for  the  sizes  of  the  beams  of  ordinary  wooden  floors  are  taken 
from  Tredgold's  Carpentry.  They  are  most  of  them  founded  on  the  same  assumption  he  adopted 
in  the  case  of  roof  beams,  namely,  that  the  safe  deflection  to  be  allowed  in  floor  beams  should  vary 
inversely  as  the  length  between  the  points  of  support ;  and  as  mathematically  the  deflection  is 

P  P 

proportional  to  — ^  ,  Tredgold's  law  reduces  the  formula  for  practical  purposes  to  j—^ ,  in  order  that 

the  stiffness  may  be  directly  as  the  length.  Then  by  assuming  a  given  deflection  to  be  allowed  in 
a  given  floor,  and  a  fixed  method  of  arranging  the  beams,  he  obtains  a  constant  coefficient  for  each 
beam  applicable  to  all  similar  floors. 

\/J*     where  d  =  depth     "I 
Common  or  Single  Joists. — d  =  2'2  v   —  6  =  breadth/ 

/  =  length  between  bearings  of  ditto  in  feet, 
the  central  interval  of  joists  being  assumed  to  be  12  in. 

finding  Joists. — d  =  3 '42  v   _ ,  the  central  interval  of  joists  being  assumed  to  be  6  ft. 
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